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PREFACE

ns nn A.lcylt. AS,tcvcl.Dd sicdcx.mma_
lois in cr'emisr) Tr'c rhjld cdn Lon h
rhLcnmindion {hEhrudenbrxrcb{foFbegio.insA kvd nudi{ lo rhe rhnd
.dnioi,irhNufrcd rhaldudenbreaDrd$lridsA lNd rrom ! dudy orccsF

r do nor *ish ,o prts.nbe an ords in
.hcmisn'lsyllabus

opics, r b.vc round ir n(e$ary ro pur soor

hA b*n l,d,I eovis]ge iudeia bs
piisicd sdios ofrh. subjed sinul
rhN lighr on mrch rdedrc sd oqon chemiirl), nud.ns *ilt fiid ir ,i advhege

kou8lra|lthcmdsia|.ghiksd|lLalinglimc
h virr b€ able b rrbv nuden$ ro covs pr6

lftddgdeLrNcbek'lYou8hscl

lih rlr lrtrroc.ii lnd 
'ho 

$rk Lhrcud .he



li. bchaviour, and end \iirr rhc r.nsilioo m(i!s.
Teaciss wh. prtd a dirtretrr orde

lnmlgrPqicnc{.ctjludcd$wilh
onpouddsidddiffi ltyi.k*li '8
$ries of compounds

mar werr be dimd[ b fomD]ft. I h$t hkGd 6n Drobren iD {ase! bt sufrmansiDs

rcrdior s.h.m{. A .umbq of thm& Nhicb oD rbrough tbe $prFt chapbd ol
o,r0ic chcnnl4 m ,le ds{n bsdh

'Inerc r nore io chcmisrry rhD the conrm or any a.Level rlL*N I r$he rbar eI

t*t tor iD$ncrioDs lor sDdncnri I wouldalso lirc b rhirl .har Alslldudcnh
aF Eadbs ouhlde rhe confins of thei

chlprcs incrudr c$hphs df rh. imp
G g amslndics and dngs) rnd in aFiculiur G.e pesricids), the balanc of

G g. thc srk-bs.d indNftt, thc history or
si!tu (c 3 rhc ics $r), rhe probrms rmd by 

'hc 
cbcmier inds'ry G.e. trr

disands at sev*o aid RhoDrr), ciuronm.nbi conems (e€ 
'hr 

rarhou* drd'
rod ihe ozon.lryd) sinc I wroie ih

dar *irh dqdoFcrrs in.hmkrry.

soefiific nsus {hich rhry {ill *c repon.d. I hope they *ill onrinE b takc rn
lnErc{ in $icDijn. bpi.s lonerrrr th
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Part 1

THE FOUNDATION



THE ATOM

I .1 THE ATOMIC THEORY

bcbsvcs onc or ihc otdsr ideas n s.i.ift i\

crdrnrlythrsEarr6rpo$lblepdidsircobr n€d; ihse panrclcs.xnodbc

(G.ek: .,ororj indlvisibh) l his cany dea was

orc{.nm$Ql Esuhs had bei bujll

r idcrljal: rhey Mve rlE saN rdiviq {!
vnc chm,crl propul i.s They diller rio'n rlt I dr s or 11 olhcr dcnLoa.

rndhq f hc lndnrdorl doms f@aiD
?rofrsloDbine rolnnncoDpduidron\G\

DikD ! cd rhcm or noL.Dhs ar we ciu rhsn).

sod,!p.ira iD lrru roni! rh.ory have beun oodifi.nin€Dalrotri rmc ThcnoDs
esprirFcsl.e 101 n,oudlFsN rrtrre dons
rish'rrinmi$;scc LrrEs sions nohFs be

rb.drJ ch.!rooiDr r^ wjtLalto*r.u



l .ANDbqsh|idrcppdbb!e*qfu|]orvre

nt.d, a hmo&r.ou nkw ! obbid lc Fis€ I. l l

snoleFi@E|2$owlh.Fdot.d4hFdch

psldd!no6b'his*.y'onfudycbgigddiod'

Fid€n'FEro' ios| ! r lo ld- | rcudaod
(r)riqrd-er

bu! thcr Ms no did prcof thi(he theory was cod. Modm idrumdrs hrvc
prcvid.d sbdlins ddEic roi thc &eory. x ny dilrddod stodi.s t*. $ 6.11 hrr
provid.n fidthand .vid.ne ror rhe en*eoe of abms.

Yo! kror fion your pFYious *udi6
dirercni tjrds olpartldd An dmdt is a sdbshc {hi.h snnot b. split 

'nro:imDld sdb{rncs. some ddeob oosis or single dons, e.r hdNm mcDt d
h.liM atons, He. orhq cL1m6 .o
ol i{o or mor arons ar lle see kind, e.g lirrogen onsins ofNr molcculc!
Fh.sphons onsi*s ol P. mdeda and sulDhur consirs of Sx nolmts. A
conpoD'd is a slbernm ebich is om
coDbined sone ompounds consN ofmoleulci thc$ pdid$ 6Dsd or t{o or
moE atom boDded logcrhf othtrc
iors r'!cimbenorpos.iveiodreBiivechrg6inaconpounda(qurL This
bpi. n kken fuihq il chrrrA 4 and 6



aboui r mean posron lse FGwc r.3(a)t. rn r tiqud rhe p3rrcL.s *c rnnh* ryrd
rhrn il a 3,ri,r Thc pdidcs Dove stowly unli1 ihey otlide wrh anorln pdni.tr or
wrh the conr.F t*e Fieurc I 3(b,

ho rhcy colidc wrh a'otlE panidc o. {i.h rhe
*rrk of 

'hd 
dDhind t*c F$rc r.r(ot p'd.r$ or r &s mo€ d speeds or rhc ddd

.R
e

6a;.'
I .2 THE SIZE OF THE ATOM

1.3 THE ELECTRON

rwnlerh.eduryxFy*trkt$6 r1hbsho*Drharthediamde or!rcEs!(o,nc
order of 2 r r0 on. whi.h n 0.2m ( m = I nanobdrc = 10, n)
rhe nsrs or riorts I$ 1 3l nose rom 10 r ro r 0 r rs rncy arc oircn nad r
donicnasunb,r(rhercrr= r .66r xr0 nkc).

ld li l !ajd{i!l l lH don\ & mrd! up ol

sjlti onb) rbr ddhode (he nesfuy
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Str J J Thonson $udicd ttu dcfldio

cakdatdlhdihe6tiool.h4erm
1c = oulomh. rlr Sl udorchdsel

ol *hEh an dEl;o ruit n composd

- - jo
+00

Thoftdn\ app.lmius lnr I ing!i,
{hi.h spxraies ions r-oidne to ih( uru( of.,t ls( r'isrs 1 e. I e, I r rl

drop expdimenls, ladcd od rrom I
1.60 x l0 ' 'c lhis

amuilo|chrrge^ci]ltdl.lemenl
{nh Th.mlnrs vilue ol chrrctimas

m$ of r \'dtugn aton

1.4 THE ATOMIC NUCLEUS

frt rhDrd nakr ll
I sphe.e ofPo\irile drdncitY. i s[

at cmbeddd Oric pcople desdib*r 
'his 

s thc pjun pudding riduc d dc



Irtbn nod€l ofthe rid is colEt th.n a Dd,t roil k . fitm ofpo.jrire.tcrdcity
con6n'ds cl*ftG. a beD of( pdricl.s (hetim rwLi se $ l.?) fiad ,L n .houtd

G.istt ud Musdr" les shich lhroud. In 1909, L.rd Rnihatod ! @lt..Feq c€jsu and Mr6d.n,
ktudn nodet... cLd this pslicrion I* Fjs@ L51.

t

\.. I
- ) ,,,. I



dr fttudon kbouf ii 3000) of rrr r pk'idd

dscibed thn rs nbour xs indtdible s Lrrotr tud r r5.inch sheLid rpieedf

d rhcnosiriBcha4.mu{ bc conqnrrnnl iD

pNsmruuer]$lspl ts i ibetNen'

R hulut t na&t ol

I'e eledrons.f &ishbourjns rons sinlc
lsion oarn berwri rhe like chrrees on rro

alkd orbi's lse F gure I 71. why !n

or dbsiil physjcs, an d{dtun movin

lf{adory rnstz l, you wiu $*hd

\-



THE NEUTRON

rhc prcseice of proroDs. shich confibft rr'c cbirsc since doms I. ncdr.L, rhe

rtuidn {mnkd nmh,Jscd pa cbs lh.i n
{rs bonbrd.d wilh : panrcbs (whih Ie heliun i dci) fte umhtrgd adjdior

1.6 YHE FUNDAMENTAL PAFTICLES

$ofpDroos ad neurons. Th. ouD6qof

rmle.6 rbd itrnbcr otDrorons !n,l

I .7 NUCLIDES AND ISOTOPES

'1'  "  
" ' "_""1.  . ,  ' i .  " " r  $mb.rr  r |  \eui , . ; r  ro:B"r-  ! .  d

s iH,rcdrcm a id, rr*'nks a 1Hc od derds rs tc. usiDs dris nohrion,
th cqualon ror chrd{ickt rc@rion n

jHe +;Be 
- ;D 

I  ' :c
r mass t$ 3.rl whi.h is nn a {horc rumber, n n

hc iebp4 of.hto' ir i:crod i,cr hlt rl!

rM hdlDrcs {c,denllql Tbdr nam

'h 
rD'ops dfocrcrsurstt t7.31



1.4 MASS SPEC-lROMETRY

homsoi\ lppdiDs lor i 'esujtrg dje nlo ?]n



Ficm I 16rhorarherrackorb'pmhd.coniisbr'cndrndbcnLs(pR(q

n He snributed lhe 5hon, ihicl tack lo L;o
sd rhc 

'ois, 
riri r{k b iH He eioposd ihal rha.' hd bei rotrLd by,henoder

(!,r) rhis n ch$lncd as o ({ p) rcrcriotr
(p) is pndbqr in 

'he 
Eaciion

sh.d the projeril. n f I panich md 3 pnbD

Orhd boibardlng pdicles r'ft urd. and norc no.l.r lerrions !@ oosryco

t l r+ iH - '1H.

ilu - llNp + le

otole w!. nade br rrene curie a J Jolior r
1er4 by d (4 n) redion. Ao iso'orc of borcn *s convdcd inro a ,iaoacuvc
isdope ofnirogd. Tlk de.ycd by enininc pdnrons (posirivc .lebnn:

Nctrbns (') hNe rhe advsQse over I pdtdd and proro$ in lnar, h€iog
uch,4ed. rh.y re nor repencd by dc posirive nodci of the bonbh( ems.
sirce 1940, r $t or Ds cl.menh *ith pbron !umb6 srcftr 6an 92, rhe piorai
Nmbr of cc bcaicn ndmry Gcumg dcmcdl, trranium, have bd hade. Tb.v

borbrd na, of , l l  .  roto{,n bj ,

'.9.6 
RATE OF RADIOACTIVE DECAY

The sre st *hi.h a (dioeriv. nobP d(xys csnor be rccd€d up or sowca
do*n h dep€lds onry on rhc jd4fty

silunntdii F]em I r? Thc rtmclrkcnfor

I;,4 doDs b d-ay b Ni8 dons fe ihe sm. ad hxv. rr,c \!me vatue s /,,1

rmlos xr dscnbed ir fn*{d- lcdiom t{ 14 Li



(/ ) The heighr of .ach F,]: resuH 6. claliv. $undmce or rh. ion which gjvcs

(?) Tne ndo of ma$/.hal!c lor each 3pdes is lound from rhc valuc ot rhe
6.. ' r ins lorrrse Nocid.d |h.pdir ts p.*  Manr.oi . \ ,v. ,  rseot

r io4? h oudm.dr -qu..o ej  .c rr ' (
or fte ion (l el.ocnrs,y ch,4e uft - 1.60 x l0- tsc).
(.r) Tt. p.*s on rhis rec.otrespoid b ihe ioN

6r r @cr+j 65 = 6Cu+, ?9 = .rCuO.,3l = 6CtrO",

lrr = ccrNq+. t2? - 
6'ctNo3",l3? = 5rctr(Nor):.

{@



fr, th. ad.nhdier aj reor
. r , . i !drr i iedr i r r  r ' ieue r  r1

n
5

Mtrhiply ih. relarjve abundm.. (he heidr or the Far) by &c nN dunbft ro rhd
ih. btll n*s of .$h sorope pEsni:

Mrs of !'Ne = r14 x 10.0 = 21t00u

Tor?1. = 125.a = 2510 6u

Av6a" mas of Nc = 2510 6/125.1u

rhc i.n virh 
'!e 

hiehsr €hrc or u /.
noldhr mas ofth. @hpoudd. If i

N r.al are lbund as io rhe roD c-ntre
sone lrlge mokcurs (c g !dyn.6)

Anrssp(rumsoblaD{d,aidinronididiabdul lbcp.!kh. igh6aMDl

lodpoutrd urh thos in ns drr! bm

do h.k6 il ao rdmnibLc rml for rordBi.

by or$ sp{dr.nd4 Mh x fibre lro



(!r iomld. o) !!gi{,!d, (.) $p{rcd ed (d)dd{!d

[aue crahr rh. aE4e ro]nj! nss or(it nrcoim

e

' I .9 NUCLEAR REACIIONS

producc, bdr rhs nuctei ot rhe xrons ft m.lkg!n. h I nstee rsqDn. r

r.s.1 RADTOACTTV|TY

]' '1396,iF(reh.hysicincrledAH
0uorcsed lgrowed in 

'ne 
dirk). otre d

qpsed. Heknc*$rio rthr murd



Maie cun. ,@n rouid rhur rhe dranse elIsi happened vi.h dl nrmjm salb. Ii
dcp.nded on $e amounl ofudnim
rcarj*d rba(he rbi[iy io cile ofl {be

.b.nic!l boi& {hich rhey tomed. she Erls.d
thri rhn sd a mphrcly iiw rype or pop.ny, qune ditf*ni lnm a .hdi.d
ractioo M ane cnde sned thn pre.cny o I rhc uBDi uE aton odidr.ririt.

Mane s husband. Picrq left llf o{n rse.Eh {ork ro help bq wirb htr ercitins new
do6r or$diordivily In lSql $
Tkyca|ledoneplooid!ftelMaie
rh.y nrmcd adim. ner ng giv*ol Byr.

Mdie sklodwska l.fi Pdlrnd b nud
r Pris, she nd r pbysid lEruEr calbd Pidft cun. Ahq !h.y hdd marti.d ad
Mrd. had obhn€d her ftrd dcFaq she be.dc a tsoh vdktr in rhe uniExiiy.
For h{ laboraloa shc ss allmr€d a ni*mble shed which Ms fc€zie old in
winrer hd stifli.g i! smms In $ib ol !h. !rcth.n condnioos, ihc cris enjoyed
rhen work. As Mai roilcd ro .ihd
otun *onddd whsr ir wo'rld look I
susrisqttre$ibof$diuE glotrdinrh.drrk Shcwrotc On.of oujorsxstoso
idio ou mrkroon rt nisbii {e theo pscived an r[ sid6 tb. r€bly luminols
.ilhdrdrcs or the botttes and €psulca conuining or produ.t h suy was 3 lorely
. gb. nd" e43 r"b,. rh" sro{ D I rb- roorcd I r. 13 ry i3}',

Mrne rod Aeft did nor redjs tbar one ofrhe elr(b ot rsdicctMlv n far moB
sinnd Rrdioacdtry 

'llds 
rhe blmd cels aod mu&s loka.mia. Picde e$ ki[ed in

r sGr artidenr r I m6. *ns hc wa
healtl, and n is posbl. th radiario
hii en!6s or dsner. Mane di.d of leuf,lemir a! the rse of67.

Mane rnd Pnrft EeiEd rhc Nobd Pna fo' Dhyd6 in 1903 for rh.ir disovery or
mdioenri!. Man. rciv€d rhe Nobe
ofpdloriDr nd ndim. Had Fied b*o alive, he rould bave shad d. piiz {jth
hd rb.tr daush Gr. rims r,r..cudc woi ,hc Ndbd ?it j oindy *jih h{ bNba'd
in l916 lor c4rins the nN anifiorl r

$
,ii
,l;

i.

i



M aEc Curie n orr.n prui*d fd rhc aduous wolk she did ii i\dlaring a snal
quannty or rrdium liom r r.nnc orih. rmium orc lrhbr€n{k. rbe s.r[ rDrorred
rrack-breaki.g hlDJling ol rhe orc, cru

$. Hcr Et drim ro irnr, hovds. is rhe iNiehl
sh. show€d ii 4|]ng llul sbo ld d
.onpLcrLy unchadcd i'r cilhd physts or chcni{ry

phyi! Fmct (Lord) Rdhdrord in

{id ro be rrdiorcdn rre prld.j and ocrlJ

T.rccl}psofdixtionxEgjvsolr

Iough which rhq pa$. Th.y dilld
.b{sd nF.I emd!) ro$. rrc siDirar b

' ' 'us|0| ' -n14|

lGeir) .rys rschdrcrs.tnys si

I
J :::::;::"'

-

'ft*erelhreid[,11'dccuiiiigs

r;lu 
-:#rh + lrc (adc*,

?ii;rh ,:liPr + 1e (ld{rr)



q!!d glr$l q!!d

when isorope undergB , day ({irb rhe enission or m d esflide). ib domic
nunb* d.fts by ?, lnd ir! nss trbbq d(Fa$s by 4 The rctop. produed is

abre. whd rn hororc uidciges , dely (wirh
the em$ion ofd €lectron), ic lroni. nmbef incEass by 1. a is ms nmbd n

I.'.4 BALANCING NUCIEAi EOUATIONS

\',*' -- ',,u
Th. orh( nrtualy Gcuning sd* is the rtinioo
b'?llPb. dd di. ihoiim s*iq wr'jch $ds whn

bd nad. by nudear reeiionr

$ds, {hich dsays frcn:i:U

In rh. €quaid lbd ntr.l.o crctioi, lnr sum of th. rudeon nmbss (mas numbnt
um or 

'n. 
piorod nunb*s (dmic nndbct n

rh. sme on boih !ide! of lhe eqDation For eruplq wheo onogm 16 urdeao.s

, tN-ro+ lc
consideringmasnmbdsEv6 16 = a + 0.. a = 16
c.nsidenng.bmic'umb.4sver7 -, + (-l) , = a
T h.isloF.pndu.td n Yo
rh. eqsrionn 'iN -,io + ie

I.9.5 ARTIFICIAL RADIOACNV|iY

h.ous' Th.y @c[ 4 dlble rctops {.
bodbarded wilh D.nicl* strrh 6 . rdicls u !.utons. Ruth.iford wrs Ac fi6r

on. Hc w6 dD4imeniins on rhe bomb*dndt
olnitocen si6 ( Ddirlc. ii a clotrd chambd of rh. ryp. idvdrd by C T R wilsotr.
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r.9.9 MASS CSANGES IN NUCLEAR REACTIONS, BINDING
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h bombs hrv. bcn usd in mdiE r
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THE ATOM:
THE ARRANGEMENT

2,1
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2,2 THE BOHR-SOMMERFELD ATOM
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Ennd. Tbe varr of lhe wrdmah d d. nd of lhc conrinuun in rb. sodiun
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e.dricity). ft. $.dd qutod number, /, can have value! from (n - l) doM b
0.r f ,=4r=3,2,1and0

THE WAVE THEORY OF THE ATOM
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'Ite sus6s of 6? dual $6ry of Lcnr l.d Loun d. Bto€lie ro sp(ulac in 1924 d
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of findins the electad is ar a d*tmce of 0.05r nm Thh is rhc sme s rhe mdius ol
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orbihr, Tnd. is a 5% prdbrbility th rhc dsto! {ill be o$ide rhis volme or
.pa.c d a gisn inebr. on $n nodel, $e eldtoi k nor d.$nbed as rBoliis in
f orbi! Ilc ddron n sid ro o*rD
cal€n d abmic obnil. nr nud.us h d.$nb.d as beins sMounded by a
thrc.iinenriod.l clond ofcharg or elcuon doud'

sin.e ihe schddine* *ave .qrdior h$ a lifitd imbd or solurions. dc rard
ene€ or lnc abm n lh.frorc foMd ro hrv. ooly adrin srltr*. Injs sscs ih
Bohrs posd& $n rhc detonic dulJ levels e q$nti$d solurions orll'c

odirds m d.sibed by four qudrum dunbds
Tte nd is Bobrs qudtom oumbd, r. The $cond qunrum nmbd, I, con*ponds
ro soDmerf.ld\ qusbm nurbs dscdbinc rhc shpe or elipticar orbi6 ni.
valu* orl de aslgled rcrts

I = 0. it is $id b bc a 2s d6tDn. For vrnous valu* or,, &e ditrd.nr comltrarois

: t
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+j !'d : I ' rcprAdrs,ft {jo o
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Trio F,babriry offindiie ri d{tun r I dnb!! |
ii-rio( tss risuer u t^ p ubur s ri

lrke in hou.shs jse rigucl I:.lr





2.4 ELECTRONIC CONFIGURATION OF ATOMS

$r]]rl FddoN{irr,mderhroo!cLetron.'rucrcdirr!rcnlv uiorrhe

drlnt dds! levers or rh. olbirrLs r

r n coDvenied io dralY nD rkcuoi

n. = +i dd do,i,fds rorn. 
- 

j:

ll]l
p $b3hen of 

'r2? 
bors. ! d sBhdrorlf

rois iD !n don vnh D dstro's, rhe d*ftons
oks fid. r{o ro x boi. udilalLrhe derons

are r$mmodird lse Fieue:1r1
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^r 4:
,  s+
l r

1 :o
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ru
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Ho* ro Rd6bq lhe ordd i. shich

Evidmce for &e @gf,enr olel-rmis h sh€lk ordm*.nt drcies is Drcrdcd
Mi ez?.r !4 b.r4.sor .u .  r ,g*: . r - . r , "" i .g,pr,

or ln. Iogrirhr of !h. ioniradd .Dasy quircd ror dc troval of de eldoi
mryb' !'?pn th. idea ln{ moltrfl from a pobssim dom. A togdirhnic ptor is usd in oidd 1o sive a

,/rr.l/r condd$d graph. You ca s thar rh. dehns fex inro rour solps. rrc highd
tbe iooisaiion eHgy, ln. rorc dimcuh rhe elmtons de b trov. rd rhe need

2.5 THE HISTORY OF THE PERIODIC TABLE

md ovel 20 ioFmeullic ehmenr 
^! 

you N'ow.

E,
: ,

6
;;r



Y

so jds kcrr nrtcua. a l& uid)

Mail6h1c (an h! bmm )ur
ductik (.an be dnM inio we)

and dsind condudos, wnh

lFor 
'he 

sFbohorekndcsep 7r2 l

Ne{lands oorlcd th!r sihiix! deDeo
{dngld 

'b!ddrerr!mmrunNtFGu( 
I r3t

.tdn?,i,'.,/ I,orrloierme.he'nnbboked sxysdf divjdinsupr

r44'' ir4'1.'/ ddNds inode

:. n.\ q a t a\ rJ h thc 6d sLDmn rhe hldrceei sd rhr Kry E&rivc Don.md ri! ckmer( nuonne

hc mcuh bcrynium. nrs$lum rnd caraun



ir ws , Ru$iao chemis! Dnnn Mndcteev, who ddcloDed Nslaidr t&a and

'oI h-ffiF ud.qo b sn drm.m rDrn.d
virh bJd,os., dod o\Js.n

doF m rr , \ .  mr.  - .  o - .  T5s
4rn.3ro1, mi$.  t .  rsb9.Menoqq

hflr lhc DoFnns or.hmi€l €1nenr m
m.dbr.Bry b 

'ff 
r,r hr 

'19!I9!!lj;.{.{i '(:rfl.s',l:
s\r( f.cuc ) rot 

^
p rol You vir ,o, r.h4r verdrs
o.on.s so L .n cDUo0) b4uv u.) f,ddm y., b4n d..oE 6 i 4 ,e,.cd
'o*oIeleDf. , ,  

Blhd r  smup,nd r

Mmdel*!dBd€!oU, imp@lmff

L M.ndcl..v inrodE.d lonc 6w or pedods for rh. clcnens q. no* . aU rrnsiiiotr
tr'r\ Th.! nemr rhr he nn,. l
non 0dr5 sr. P. s Fd Fcu:. 3t

3. Wh6 demenh did ioL fir comfon.bty inro lh. no6 in fie pftiodic Trbh dic.ard
by $€n rddivc ardmic ma$*, Mend.lN indisded ncv dddnimrons or drlvc
r'Mrc mas. Io *.b ..8 (cr, In. Pr Au) rhd n€* v,lu. jusriild rhc 4!!smmr

4, Whd. hc hrd tn grps in rhe P€dodr Tabh, Mendete.e predicrd oEL ocw eremenc

-q 
u d b€ di.iv1-d ! ri I r5e sdp.

'dn' tJord. ' 'd 'hep! '

The Pd,odi. Tdbrc hdFd .hm(b in
rv prdid.n rhar chn.Dr lould be

d'sovded ro 3l1rhe spae unJr 
'ti.on 

lod abovc i r.btc 2.2 sho$.he
p(diciions for rhc ckm$r vhich bc crled ck*]rrcor (bdoN rilicon) ad h.

{hr!h $as dt$or€kd in 1Bg6 by winkter
rhc Dredic'ld ,!op4,i$ of ekl ;uni,nm dn,l

5 and bdsccn ckabosn xnd $irruum,



Lf!

o*ekr. hll I h!h!r rcrdi$ donjc mN rhm
poiisiu'tr (,1,i^t = 4r. rr{K) = re) $j.ri Il n'id. D'o€*NchennLly'o

)hdrhl\probtcm Hc sho{ed rlidrtFrtoni.
ouohcB(odonnuFhL6) ordemeft xrndtusigDtliad rhaD thcnFrrnledom'c
fsrs ts* i | 6t r his dnolco $?s

2.4 FEATURES OF THE PERIODIC TABLE

Fnn. oot rhc Fsnjons o(Lpft by m

l. ! ! r  r \  r l  A\  r ru r .&lqi .1f !nou



crn k how rh. Pcnodic Tabt. nak6 ir esier ro

hydroxid* hlye rhe seoeral fomrlie M,o and MoH (*hcrc M i! rhc symbol tor rhe
m.dnic .Lmmr) md aic innsry br.E. rh. oxids and bydrord$ d$orv. f *ftr
b siE srcnsly alkdm. $lurio6. rhe ndlt ii Grcup r .E callcd rhe r&.ti n hts.
Th.n pdivny illec a! you pss down rh. sroup. IryoD know rh.a rr.6, you do

rhc ncbh ppararly. rfyou kno* rbe
propciier of rodium, you 6 pEdid rhos or p.rr$im rnd Lirhiun Ilink of
having ro r.an $. piopedjs cf 106 dmab separatelyt rae p.nodic Tabte strvd

tba mse in croup L Th.y fom b6i. onds

bydrcnd* oft eititr sFringly slublc or jnsohblo. Th.e cl6.n6 aro elkd rhe
.[.rtim..res. Th.n rdivily ircEs $ you pd* dM rtu srouD. Again, ir you
loow th. ch.micd rucrions oronc clh4r, you m pEdicr rh. radics ofathft



d su'inc r hq 3rc mLLed df b,rogeN (dtr'Ed
cr) b-rus rhcr md ldb ndals ro rbm sd's

mdrs.rclq15rc.d rc rhd, tho$rn G

r. 5llcniun and rclLr'iun They are a ser or

ndrLll. chftcb f'on orss ii ron mdrL) to drrdm(a \cDi.nddrqri{alLdd)

oru(non nd.\) thrugh ndlrroid !6si t)
dimo'r rd b*morh (itrrls)

in prcp{ies eQB rion crhdn (i.i.Dd'rl)
rhoushliLjqD u,lsinaiiLn'(mclLroid, tr, th md L$d(ituh) ri Grupl,

I x.r J,/

vigdouly

L.hod,k



hydoiides rr ls $rongly basc aid rre insoldble.

! sas. tumqry dlld thc in.d g,g. n'cy rrc
pfts.( in ar Thq ardhc rcad rcactve orrLe elndN For Dany J€^, n Knen al
thoud th.y r@r Dd in ra chmiel rqdios. Howvq in 1960. two or rhm,

cmup 7 pr€d6 Goup 0 r conh$ a $r or vuy ndjvc,o,.Bckllic crflm(
d iNb'ilc rher ft .rLled rhe b'rostr (d.rived
tr) bc s rhey rcer uih neab b fom sdb.
rcsivL'inTahld]4

Attbeiehhandsidco|@hpgiod
eten4b ofciup 6: oxyged. sulrhu

ndallc chff.cbr rtum orysn (a noD-mcbl) 10 blunum (a si-mdl or Ddalkid)

Thc chrdc nitiocen, phosphoni r

propqtid fEn nn6&i lid rho5.hoDs (non-nclrt Lhrush mcdrod {\s,! k)
rnrimony aDd bisn h (ndak). rhe*

chemjol b.nds A frarked cndlrion in protsnies oEu^ LoD carbon (n ofrndal)

'brctrgh 
sihon md gelmnium (mcbLloids) b liD rid rlid (indr$ Ii G.oup a,



r. Lre dr ponr on r lhe Pdodi. rrbL ofrnrcim (Fr,
ionr luner 31 Mee I n&y !,!dic'rom a yor aD
ibfilbgPFp&n,o|narciun.c&qddh{nil$|jdo

(Ar. donrc runer 3t, cs {hrbr tri a sdid o.riiquid

4 Led. ndiun (R{ r@r nunhr s) i se rsioni.
r$h P€iid (4) thc 6m!L d.idin dbndq (r) 6c

^{ue 
ud foirnuh ol dim .nde, rd (!) lk prcdKr

2.6.2 rOOr(NG aT THE PEA|oOS

P..iod 1 co ainr hydrogcn and hcliun pdod 2 .onrajns rhe c]moc fDn liihiun
pdems {hcb m s.n i,r pasinc sros Pcaod

3 Tb. 0rorqrios $oq aE neranic and non.fckllic ch!Bcr., rhe charge on rhe
ions *hich ih. .hh. foms, rnd !h. nrucrnrc ofihe .t nhr rnd irs oxid€. you wil

hrprB 4 aod 6. Tbis bbre sinply r.lls rhcrhf

r. individnar aroni ..c. {rcon enich

3, a simr ionic srmrrc mnbiiiis nilions of ioos b.nded roeerhtr . g. rodiun
.hlqids *hich conisb ofNa= ioB and Cf ions i! equrt lrmbss.

Mg P

cl.
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a, , gid'i 6nlml rtutu onbiniDs millions orrbms b.nd.d toglrhd,..s-
silicod(Iu onde so, fticn con6in. *lj6n .h. .nd o:y!d abms in rhe mtio or

5. a gid. neblic ntuoft, {hich @Eisb otnjuid3 ofa6o!.fo ftralic .lentrt
bond.d roe.d,* by rh. mdrni. bond Is !6.21

CHECXPo f2E E PERODIC IAB

a shr :r i}F otstubE yd wourd dFr fd $e
*dlidqb'[u,nibeqry.fuoiEd

|om|@youvo'ndqFtltrlhcofu6o|3du,

F.*
I

2.7 THE ELECTFONIC CONFIGURATIONS OF THE
ELEMENTS

rn dr! ruiddis Tabk, .{m.nh r. Mg.d
{rlonic nDmb<t. me ptrod luDbr, Z is
ot clecbns in b ah of rhc .Lno..

n oEupj* rhe lNed enelEl Lv.l, rs.

odpy tn? se ts otitrl wid oppffing

Li$m nn tnft. dtuE Tso o.opy
lhc l! boi, which & rha full. Tre

Berruion ha3 lod el.dns.

Bdor har liv. el(ton.. Th.lirrh
ddotr 3almr drfr rh. 13 0r & hoG:
n .Eupi6 u orbikl i r[e 2p su!

Ci on h.r .i\ eldbns. Thre {.
drre. *ays in wbich tl1. fiftn &d six.h
detus ca b€ acmmmodd.d io the
2p subsh.rl Inc.rc 2p elrdod.tay
bc (c) ni fie sm. box or ii difcr.ot
boxs wnn lhe sphs (b) psolcl or (.)
oppc.d. ri fmi dssddr (r) i3

in od{ of lh€n pmbD nub6
ur. !Dd.d.h.4. dd rko rhe nmb*

ls t r

tr
E!

m
E!

?pm
,s [J

k) ,p [m(6) ,p [[m
G) 20 [flm

,P EIM
,s [!



.on.F duo r  1-  onc n qh.!h, ,e se 0ot;  dJ $,  i
samespios nris ermsndi pur rhe elecrons runhd q'M lbu rhs o$ers. A(ording

ii ai orbilar !i an rhe orhtr orbhds in rhe
subsbcn havc b.6 @.q'cd by a singte dernn.

Ni.rosli (z = ?) obqs Htrnd\ rute
byaccommodatingthelnrezpc|.drons
id dir.mr borcs {ith ihe mme spiis.

,p EEII
:s EJ

:p Emn,sE

,p@n
,58

N$o (z = 10) ls?rs?2pi, has r tul 2p subsh.[, rhs ompldine rhe I shdt. rhe
ie{ cl.mm', sodiun (z = r1)hrs ro utili$ rhc M sh€ll. naning th rhe rs

d the $vetfth donmr, rogidim, are

Na 3str
,pIUE
zsE
,!ru rs;2sr2p!rs

fte fono*iis six elem.na hav. derdns
dc n.{ sr dcncfu aie (w itrs (Nc) ror

3" El
h EM!! ru

io rhc rp subshcn. Th. .odrBrarions

tu (z= rD No3s:rp!
do rbe clon.ib fir ido lhc Pdodic Tabte? so

Filins lbe K sben H md He: Fn* pdiod

finins &. L sh.nr Li rd Ne: s€cond pcaod

Filljns inc M ,bell: Na ro A. Thnd pdiod

Tbr rdr rren.dr, ,rL ,h rornh ps'od ThcJ 
'c

Hud s Mur.ipriciq nob mD4 inb plar hft. F Hund ftr.d rhd rhe favouEd



play hsc FHund dded thd ihe ravouE4
onfiauu'ion n rhc onc ii$hilh 

'h{ 
d@rtuDs (Ecupydiird.itbor

sme spinj. This nmeemnr pft rhe
b Huid\ rulc, eldrors d. nd p.n iD in orbiirl udll rlr lbe orhq.rbnds in rhc
strbshell hrvc b.6 o-trpicd by rsiiglcdehi.

N rcs€n (z = ?) obqs Hu \ rulc
by !..ommoddins l]le $rce 2p ddrons
in diadeor bores *iih the $he spins.

hEm
, . [ !

] lm!
,sru

,pmm
?.

rsE
,p[m
,sm

Na rsn
hmIE
2r E!

[horiF (z = e) hrs orc amngdmt

Neotr (z = 10) lar:sr2p!,hrr a furl
nexr ehmen'. s.didn (z = 11) hrs 

'subshdL llc di,grms ror sdium rn

rhc ncxt six €lement aE (v ins (Ne) for

!MtheloMhesiod1.bcy&

cr (z = r?) (Non,rDr

Ar (z = l3) NOr*p6

o Ne: saoid psiod (nr' ,hon pdod)

Tnnd l{i ' J /ldund ,hon ptrod)



O@ lno 4s sub6h.i is tul, rhe 3d orbirrls arc fill€d I@ Fi$e 2.15. $2.41. ovfr dt
n.ri l0 el.tmb, d*tos .nt.r dc rd 3utlholl. Th4 cl€dHb re

ro zn(z = 30) (Ar)4!:3dre

wniL !b. d subshelt 6I., de cheBis!ry or rh. alem.nb is nor sedy alleded. Thc
mr,rs sc4diun ro zinc ft a !4 similf $t ofmtrls. ca[ed.dtrdild n&13
Ich4b zl. rhc .lmds $lliun (z 

- rD b krpbn (z = 36) ompkc de M
sh.ll by fiIins dre 4p aihibls. ft. l3 dmdG ron pdsium b kiypbn @mpd*

Eletodic oolisurrioB 6 b. *i.b a ..s: B(1), c (23). N (2 t, o (2.O,
F (2.?), Ms(2.3.2), rhtr rhe nmbd giE rhc nmbfls orddtuns in th. K, L and

.rddirg aon nbidiDm (z 
- 17) ro

i

;

t :
l i i
l , " i r
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'fte sirh Ddod nds *irh cdsiud (z = s5) md a& wilh radoi (z = 36) Duios
rbis Dnod, fie 4rdbilrs ft 6iled bdwa enu (z = tl) bd rlbbum
(z = r0). fte Lnrbr.oE (fiom ldlhdM (z = l't) ro luttiun (z = 7l)) *. tb.
rtr$ s! of rm crdb .ld. q md d. *d nort rnild @ one mods um rc
rhe rusirion neralr. nr el.m.ns lron lubis b fd.ury, (z = 30), codpns a
$.ond transition sd* in vhi.h $c

filfl

ilrr)i

ilg



t

F
Itr
ill

m? ewkpqiod 7be ssdt+,,td rrd Fdod stu d ft,mim (z = 31. rtr la! mtonny oronos
d.rMt nnniM, bas z = 92. Th. eldon onfislrarioc olall the.lenent *
$om in TabL 2 6. Tho .Lffib *nidr folow uraiw &.r.ifi.iallv n!d. sd rrc
ndiadiE 15 r.et.

cflEcroorin 2c ELrcrRoNlc co HGuRAnoNs

l 'a@ilgsn.d.iuni$hF'ofnuclsn'mbq40.

r, Dn* .rdoGhbqB dhsls d rh. dedrcni
.oiiFEd@ dd! roiqi4 {m, nq fi. prcbtr
NDe!(z)' bqd(r), ludiE (e), duiniuE(r]) sd

,Dn'di@.'orbl&dfugaqfi3u6'ioGof
dciosK' ,o,c!r ' ,o. ,a",r- .  (Pr 'd imbs

*fub 
'he 

pdo! n@bc6 4 7, f, ,, t. s'd! b f,ii.h
Gldlpd6cftidcT,bLa.hdddb.bngl

spdi* (cr, Li - lv2t. rl1* Fdd iumb* nae

2.A THE REPEATING PATTERN OF THE ELEMENTS

rve have.peo! time looking !r theshduE orrb. aror Kalpbr ll a lhe.ldron
@nliclrarios of L\. do4n6 I$ 24 ind 2.4. Hw do.! rhk dudy frr in wnh th.

inbdins pojd. sbk you.

Thz rcbk Nthak u Fnn, norie.hcdffits vitn r tull olb.h.n orckdrons. Thd ar h.lim (2)
@td of .ldtNn'fi2 nu i2.3), lrem (23.3).lqpron orid tdo! Th.s ekmG de ttre.oble g8s

onjtud |h.ll (Gronpol.Trenhck ofcimiBl Hdiviq hs h*n nflnoRd. ]lEy en$ 6 sirgle
dbDs. T.llen i6ns do not comtin. in p.is ro fotr noleulB 6 do tho ar6! of
sos g,gs crdenh G.& o2. r,r. rt sems airy rodc'r b sppo$ Lhd it i! th. turl
ourerslE olel€tuB rhar mak6 tbe noblc $s chmie0y u@iv..



Follo*i.e each noble 96 (hat i3, Nirh rtohjc numbd I ersri thri eeh ooble ss)
h d alkali nehl I*. rsbrc 2.1 TheE eLim6 .c fthjm (r.l). sodim (2 3 D,
porasiun (2.3 3 D, rubidjum rnd .'qiun. w. .ai idrcr rhrl i. i! bs.u* rhe atrdi
merrb 3n have r siisr. cr&ron in the our! shcll thar rrey er behaE jn ! ye.y sinilar

Fono{ins *ch 8&di n.br is,n alkalim cMh ncut Is rable 2.?1.-ni. atkatioe
edhs, bcryillu (2.r), magnesium (2 lr.l), catciur (2.3 3 z), sronrium and blrim !i
hN. two dermds in rhc ourr ihetl. Ir iMs logicat ro suppo$ lnd n is rhc siDilff
.dtulmrio. ofehdrcs that givs rhe demcn$ .ifrilar prop.nies.

rncd,ns eacn nobte es (viin abni. nunber I t6s ihm rhc noble s6, ae ur
halogeos orGroup 7: 0uo.nc (2 7), chroric (?.3 7), broniDe 3nd iodinc I..L rable
231 wc .dn inlq ihar the heloeFs all har sinitr .h@iot mcrions odaus ory
an hsve the sm. nunb{ oteldsns in rho oukr shen.

Yo! 6n *4hc fouowine f.aruns:

r. Tbe ekmcds me lisrd in ordr ofincfding aronic imbf.

2, lklMb *hi.h hryc the sme nrnbr otctctrons rn the ouremGr shel ran ituo
rhc sme sroup of rhe Pdiodic T rbb.

3. Thc [ 41 rdion con k ins o. ty hydrogen and hctiln. T]]c *.ond p€riod conhiij
Ihe elemenr llhirf ro rcoD The rhi'd penod conram rhe etmos sodim io trlgon.

,1. Th. chhlQl pDpcdies of elen.n$ dep€nd o tr rhc chdrdn .onligura rioos of th.tr

s. Theekcto!configumioi ori$rbmsndabdbrbepNitiono|{i rlmcniid

Tbe nobrc ses (crcup 0) rt har 4 tu ourtr sh.I ofct€ro,s.

rn. Hdiv. sikeri n&k {Group D have . siogle eredmD in rhc oulf $e[.

'J. 
Tnc alkali.e sd' ndds (cmup r) bave rwo .r4rons in rhe onrtr s1!u

e, nre harogms (crcue ?) Mw 7 ddrc.s in rhe ouh shell.

L



r. lo) whr G d! nob e edl
o) h lhis FqLp ohhe P{bdr rah . ar thq:
(iJ whl do 0. &brc ees hr r oD Doi (t G$dh!

hldrcFo. Eehh vbr r n anruld dlo;, od nr

ahfugoud"! t ' { j !d<ro^[al ld log!^aoDn

o)R$!ko'hhed6.d!Fqndb!de4]Bdborco

o^ salh rar*. dol rg (bdsrbtr {ds/rrhor ,)

Pn, d d. iisi*r qqe Gyoo) $ieJ ii rtu hydru$^

lynrsoDDchft€.n€i . . l ldd54oreNLy{ ih$

(.) wl'id',irloy,d'tuh6Ab. sosi?sx

lhcLe5@IiAFidlb'bgircohNn6DaIgrttot.

(u) th! ftanio!, = 3r, =,
(i i) rdc raBioi z = r r, =,

5. O F lqd r.ml dibnrc ndrda Hovar rh!
cbnsio!lFdrunonh.h}drceoroneobhid!
(r) lon d€ rhis srkun drtrq eon s! one [shr

k) .rprdn ho{ se ap@Bnlr d 6c ronr sakuo d

(4 fti@ rh€ ioiislior !qc{} d hrdrcn\ iid 
'pLu

k) me.nrnon sFhE d looi. brdrustr oeoid I

ufu'@]!hy&qdEd&dnbw!bvtrruq$s'

(/) rht usuL bN n.
r!d@$!part r Lish ror !.n. co!@sr @ d! F!tr{

iors l
.. 14)Erphiho{sedoocsBhoond@st^one
sd b iaurc se icr roftl';tr 4sp onrdtus
(/, sr.kh a saph orffd ,otrisdoo !e,s! 4ris ftni
Doel]irdcd(Idot{sh}nrcFtrb$di!E'

(i) sur a^d Arhi hor FueolrdqFr 6c sorl

(L) d. inn @o srtoi sqs ornoi
("t r. laood ioi^ or uqs d niFBin
(4 !N!&eFrry '



Folouqs qch noble gas ($ai is, {ith omic nmb.. I g[!& $ri crn nobr. at
isd'alkalidd'rtt*crrblc?1 rhcselemubsarithrunC.L),$d1Dn(2.3 0,
pobssinm p.3 3.l), rbidiun md s*iuh we cln inrer ihrr it is bsN* rhe rtkrti
mdirs r[ hM LoEe defoo i! rhe ourr shdr thar rbcy an b.hrld in ! uy sioilar

Follodng erch alknli mdd i h lLkaline snl' Ddd Fm T{bh , rl. ftc rlkdlir.
$nh\ bftynium (r.r). nrcidium c 3.2), lalcium (l 3.3.1), drcnlium and bMu:n rn

t s*fs togi.al 1o supDoN rh.l n n lhc simil.r
conlkoBlion of d.4ron5 

'bxr 
ci\b !h

PEdinc .acl' noble cas l$rh o'nr. rumbcr I hs rh.n rhc nobrc srt m rhe
hiropsorGFup? nuonrc (, 7), cNoioe p 3 1. bronift and iodine I*e l.lbr.
,.4i. we md iiftr rnd rhe hdoc.s rlt have sin ar cbemicrl Hdioff bd3us rhcy

s inrhcoubshdt.

L TheelenE.hrrclkrd inoircrof incrcsingdofricnumber.

rogcn md helium. fte Kod tsriod conrains
ilE eleNnb tithiun to neor The ihi

rsdelc on rhe erEron aDfisuDlions or rhet

5, Thc ddton.ontutrdrion of iL\ a

6, Thc troble gNs (Group 0) a[ havc a fu]r ouh shol ofcrdroni

7, The ucrivc irtili mctaL (croup l) hrve a sirele eldnd jn rhe oub shcil

3.',f hc.Lkdine ex h nehk (Group 2) hrE rro ekdrcff i. re ours shdl

e. Thc hllosc (G6trp 7) havc 7 dc



r. k) wbr uc dr nobL ssr!
(r) h \hi4 rup or Lhc Pqbdc rrdc rc rhq4
() whrdo0.iod.$ys $ D sDnor (r) @s.dis
so' d<'otr odiau4riom ind (it egdie rhcr dcdc!

I nroi!! d[dj& $rioo h ]hi!h soup ohhc Ps6dr

l

FI]T l

on s4i !aF. 0or Ls (fuftnu crirsrlrDd )

.n,dietishdrh*stLrD!!)sGidEhrdrcs!

lYta^oD.Dddl idcnsin! fu6i$dl jyvnh$

bci.anrc4l!aLrrii!sol!' iooh}hidsupdthe

(.4 wru'do1hir.4s'6aiseqm.*i$drbarer

(, M,ch. tr3ry, ofrbc ri6 
^ 

h G rD\i rror

(D 6cMsiroi i  r ror=:
(io 6ernciroii I ro4:2

5 k) rydnsi tuEs dabnE moLor.s trovrttr 6r

(r) tso! da! .rn sFqi0i ditrq rrcn rhr o. dr tisrn

(r) Dc6oc ft hinrroi.Er!r d hrdrcsD, ar { eh

(.) nE !d$dD 3Pdrun d tunc hydnsi ohlod n
bL3it ' 'F*tfr !DnqcaDlhrdtcot6ihIsIBn'

ca rheuuur ioNrr

d k) trrpho hov 
'k 

{odc 
'@rm 

onrydm&o $o k

(/,) sGLd I corh di^. iorudln ocs rshn roDc

(!) sbr ud qo rh hor you lou d *tsd ltu &sid

(r)'bc [^1 Fiir]oi f de orrcotr
(Lt thc sold 6i^ onrN4rdo4ftiud
lr').N!deqsbr]t



3.1

EOUATIONS
AND EOUILIBRIA

FORMULAE

E!c,- crLnsr ha ! srbor Iscc Pcriodtr rxbk, F Tert 
^ 

symbolis a lerer or rwo
. ckmnr Forndtlc !rc wntuo lnrcompords

rh. romuh of !comcoundconrdsorrlic\ymb,i\olrhcdcmcnrprrnratrd rbe

fherotrdr,.rLiy.u rhc dj|lercn* b
do{ rhe lLFmultplies rbe o ii rtud oni

ules tsr Figm I rt ro lhow thru nolefl e! or

rhc tunuLo Nur.hurrcncids Hrso

nnutxfruLli ieseveryrhingdierr I'rtHrsor.

l'!droridc sciioH):. rli. 2n'uxipl

irolc smhrdror,d. dtullrciuE iN aDd ?

Eq bocs ro{n'c{ i i(oH, n6
4 l '  nsns4ca, soaM 3tt  tons !



lqoarorydm.Eeffil i i lhc|o|ro'i4?
(a) c.ts" (r) P.op (.) sorcl (4 c?s!o:
G) ztrso. ct 5cuso. G) A\Nort (4 ,Ar(oF,

CHESOOINI$. fOfi ULAE

L.
G) $diq hydqidq (r) hydrcchbnc aid, (.) ll@miq
(a) $dh chroddq G) 6rcim qid.. (, eLim
bld6d, G) €rciu arhoB.q (r) surDhuic,.id,

3.2 EOUATIONS

Iro..

You hav. $udied stmhols lordma6 ind fomnrae for mpaundr 0r.ll rnse
embr. you to vriG.luarioi. lor cb.fi.rt rdio6.

tunpr. t.r Cllcim 6bomr dMmpos ro si€ cd.iun on{te and @rbon

Cri.iur carbonaE 
- 

Calciun oride + ctrbon dionde

R.DI&iis nd6 wirh tomulae, tou en {ib ihe cb.micd .qurion for rh. sdion:

CiCOr-CaO+co2

On rho lcft-hhd sid., you hrE r doh orc.lcium, r aron otorbon and I a.@s of
oxygen conbin.d d slcinn elbomr. on rh. rlrlhdd sid!, ydu hiv. I dor or
sldu atrd l aron ofoxyg.n combinld as ercim ond. snd I ab ofcarhon md 2
{toms or oxysln combin.d as erbon diondc The rM sids ar equat, rnd rhis is vby

You cm si€ moE i,romarioi ifyou include sbre symboh in rh. .qetion. Thse re
(t = solid, | = liquid, (g) = gm, and (4 = in aq@N (Mb) soluricn. pulrirc itr

c?corGl + cac\s) + cor(s)
d€Enp.*s ro ron solid.al.iM oridc.nd



ilhs|phuica.jdbeikhydbe.iaida
solution of rasn$idm NuLphrc.

MsG) + H,so1(aq) + H'ls)+ M3SO1(4)

Hydrcceinfi6sH:b.n*hyd

Tlrc d,micll cquation couu bc

Hft) + ols) - 
Hro(L)

r2 orruh aroml dn rhcrdlhr xidc(LHs)
Md onry I orys.n alom oi thc 

'icnahmd 
side (Rxs) ro b,rame rhe o erons,

fnl'iplyH,ooithcR}Isby,,

H,G)+o2(o, ,H'o0)
en a- 4H llons on rhc RHS and onty 2H on

rhe LHS. Muliip$q H on rhc LHS by 2,

2H:(s)+o:(g):2H:o0)

Nubf of dbns of
each dmm!onLHs 

= 
each ddebt on RHs

The robl n$ ol lhl rdmb = Tb

t* Fisure I2l

EEEpr. (dr suLphur di.nde h oidisd by oxygeo ro sulphur doridc

surphur dioridc + orys.i - Sulphur tnoridc

so:@+o:(s)-sor(gl
Youan orhd rhccqmrio.isnorbrhian Th.rdcloon rhcl-Hsandlo otr
rhe RHs. rl h enpdn! to *nt o fo
Ncvcr change a rornula. All you €n
roindre InsbadolchanFnsO: toO,nuuiplysozandSorbyr.



zso,(s)+o:G)-zsor(g)
The .,rnation is noy bdDcd: 2s + 60 on rhe f,H$ ls + 6i) on the RHs

tumpr.t.r Sodim carbomb dacb wilh dil.t ftyd@.hlodc,.id to civc.fbotr
dionde and ? solurion ol:odiun chloride.

orbouc rid dioxide chloridc

Tbe chm;@l qulrion muld bc

NqcqG) + Hcl(aq) 
- 

co:(s) + Nad(aq) + H:o(l)

wbd yoD ldd up rh. eions oi rhc RHS, you nrd 6ar rhcy .n nor dttrd rd rhc

Na:(DrG) + Hc(,q) 
- co,(g) + 2Nacl(aq) + H,oo)

Nov. rhse ft 2 Nr xrons dn rhe RHs rnd zNa ons otr rhc LHS Wnn 2Ct dbml
{ bc nutiipticd by L

Naicor(s) + 2Hc(iq) - coz(g) + ?N!c(aq) + Hroo)

NumbdoraroEsonLHs=2Nr+C+rO+?H+2Cl

Number ofaroms otr Rxs : 2Na + c + lo + 2H + 2cl

whh yotr !r bllrn.ing a chhtcir equatio  rhe oiry wy to do n is b pur a omber
o albr a fomura. l, .his exrDpk, you sor 2cr

aroms by nulliplyins Hcl by 2, lor by ahcnng thc ronur, ro Hcl:, rhi.h do* tror
exisr. Yotr mn mtrhipry a fomda, bu

'r, tulan.. rhc equdtion. Muuiply rh

No ofsrons ofsch dem.,r on LHs = No. ot {om oferch etemeDr on RHs

ffip
'. &)

/&
@:&

@,
\@-&



|  
" - '

Take rhc ddion bd*en soditrm add *ar{ b rom hydrceq did soorum
hydrcnd. sorurioi work rhough rhe fivc s&rs:
l, sodiun + w4b : Hydroeen + sodium nydrnde solurioi
2' N, + rt,o 

- 
1l, + N,oH

r! N{r+H?oo):H1(g)+NaoH(ro

4 zNa(t + 
'H,oo), 

H:(d + rMoH(dq)
r No. ofarom on r-Hs - zNa + 4H + 20

No. ofatoms on rurs = 2Na + 4H + 2(]

CHECXPOINI3B: EOUANO S

(4) F4q(s) + c(s) - F.(6) + cqs)
(t) F4ois) + ctu) : F..n + corc)
G) NH,G) + or(!) + No13) + s1o0)
(d) c'lt + Hcr(rq) ; c€ftq) + ts;(s)
G) Fc,oi3) + Hr(!): F{s) + H,oo)
cn crHr(3) + or(d + cor(d + s2o0)
,. rry n'niq eurim tor tu turos:
(4) Hr!rc&n + CopFdD d{d. + cqF + wd*
(d) cdbon + c!6ohdiond. r tubotrnonqidc
G) MasBrm + surFhunc r sydbsd + MaFju

(/) GFF + cddnrc 
- copFl(n) chlorid.

(€) Mffiry + oryccn 
- M@ryol)oxid.

r/) rrci + sdprur r rro!(rD surrhide

(4) cdu + wsd r syddg'll + cddu hircnd.

(t) lb! + qrdrcchbnc 
- 

ki1lD.hrdc + Hydroen

G) Iior + cdonE 
- htron) a{o.d.

(4 Arhid@ + cdo tr - annitutd.hbd&
(?) zii. + stu i zi.c orid. + Hrdostr
0) slnirE + o${ 

- s.diun o{d.

3.3 RELATIVE ATOMIC MASS

Th. ma*6 of dom e €ry sDan, fnn 10 a rd l0
bnic mss (1r) re ued. odsinatly, .hcy

Md , .f ooe dol or r str,.fl,.
Mss ofotu arom ot hydoc.i

dclcmined by mr$ spsromdry. md sinc.
us€d in n$ sleronelq, rhe n$s or m

ab6 of,:c is ,ov hr.d rs th. rfdld ord{.oe:

Thc difcamc bcrwccn drc rwo sil.s ir
abmic ma$ of';c n 12.0000, and th.
msofa *cdomis rr.0000 u, and rhe

1/12 t[. mas orone a'om orcrhon-rr

sn3r. on rrr. ctubon-l2 *arq ih€ rttarive
ahiw aromic mas orlHn 1.0073. ftc
fss ofa lH abn i3 r.00?3 u Is 1.2t.



3.4 RELATIVE MOLECULAR MASS

ThemNof!roLRdhis rh. sufr dr
mdsdfms.,|'..olacomcouDdL

ra ionsors ( l ,  = r)  =2

r iom,fs(r .  = t )  x

4 donsoro ( ! ,  16):  d

Rel.tnr molliulr fras. n:/.. or I lrsot : cd

NsoH (cr. Mso (i(orD,. rrNoj. (r.o..NrirNoi.
(rsor. cnso! alo. v(I ( oi r:

3.5 THE MOLE

b.snof rbenumbcrorrofts(ormolecuktors rnm* A'hr'l irr.r.r\nb i

rlcd 
^nkdco 

A{s{no Thji ir ho! hL {sucd:

we knov rrom th!+ rdiir xbnic m
h!!yy6omddnororbd' .1.(Mg): ,1. r.(c) = r?.



T

Irom\ s [3of  lshocr] l  i5 ldrrqloRnd.d
r0:r r'o'ns (he sm. trmibo of

eD.k (rrol)orldrbDi rlrns siniLi\ 1$gor
msncsiurn irNorn.lc\(rnd) d n
fr lgn*im n $D f oler (r,nolt.

o]oDemoleoIsulphuri.Jc'd.otr'rIl
6xl0 'moc!d$o H:sor.rhxrh.essorH?so,( ihenolrrmbsrnsrrm) ro

,. wru' nN lrpd$liun cod{oi k) 6 I r0- dutu.lT lc LEAN$d@anjsL l !b!6110.,Dd .  
)

3.6 MOLAR MASS

^m 
!n ( i  

'ohr i  
\  h i  f ! !



k4b wl.t idth. moutt of 
'orsius 

pt€sl id l?09 or'domr

Molal nls dl calciu = tlosnol I

M* ot sloM
MoMtofetom= _=-

'r1r. @oN1(nNbd ofnok9 ofcai'i$ is r'onor'

emd. Ilvou nea 2 5onol ol sodu n'dFgocdbona&' wbar nas ofthe

aftsbne do vd ftlve td wigh ont?

P*laiiv. Eoldltr mss ofNaIICO: = 23 +

MolI@* ofNaHcor = s4snorr

Mds of$bsim
Anonni or sukra@ = 

fr;l;;;;;a6hffi

Md = 34snol ra 25onol

You o..d !o wish our 210 s of sodi@ hvdiosdarbonaq

I
tri

I

I

r-l
L__l

--- 
cllEcltl)lNT3E: rfl EMou'-

(d) rnddrm,gtrbiaMd'

O o roiol oio:tEi mbk: or
(d) 0.5 nol dtuutphur.to6 s

,. Fhd $c mGlt (mhO oftsch d'b{l tcEdLin'

(a) tomdr orwh.n dion& nold'l4' cor

@) mnd drdDhud ed, Hrsol

k) 2I mdi ofsdiun dlod&. Nio

td) o.somol of elcju h,ddidq cs(ots!

(a) ors0gdfddm&boab
(r) 5.309 olldrdrd sdim €rbBt

G) 5.?2s dt:odiln sd.Et'lcsb 4d



3.4

3.7 EMPIRICAL FORMULAE

oanon rd Edmcd by a srBn or.ubon
*rs 0.r450g Frnd de empni.d fonntrlr

To jjnd m dpjnal ro.hut( you re

monond.. The ms or non r{ Endlcd

Rado of rnount

Enpiri.,t tormutr i5 Ferol.

MOLECULAR FORMULAE

Thc horcculr fohd. is rsiqptenulrtpleorrhe
tornu|l h cH:o, th. froleulr fomuh nr! bc

Th. wny ro find od which dotecultr

cHro, c.Hror. crHior e

jbmuh n mrcd n b find or whi.h sjrs

r" 
33h,."%.3iTi3N "F 

PERCENTAGE

I 'm'1."T|so



"*"",''*"' #.,l"

or$rtr"  .4,  ] |snrcn in.opp{ I I )

(.) rJIc noi tun r0a?sdrlhioidr

-d-;d 
d" 

'dd.Dir ,  
d-  qh" s" 

'^ i 'c

(a) oq:s dMgso. 4 rr:o s{ 046rs o. rcsidu'

1 ' ) l . l2 lcdcaso!6d:oew0's93drcsidue
kr r rorgolseNoi): c t:o srr I f:s otrcsidEk) 2q i:; Na. 40 5-1. s, I4% o

lr) p 1'l.Na, r.6t"s.450%o

3.1( '

zno(s) + c(s) -zi(s) +coe)

^,nord 
ofzno - 10 00 x 10r(65 1+ 1600) = 1lr ! roimor

ADoui,of . = 10.00 : 101"00 = ll rr x 
"r'i 'oL



stft inc orde a pr.d' tr rh. $alle mouiq u. Mouor orTu.
limir.d by rhc doui. of tic oride. FIm lhe equarion, you cd $.

Anourolztr - r.2l x rehol

Ma$ ofzn = 1.23 x 10, r65,4 x 10 6ronn.

c.sr{tscoqH,.rr @b.dsmd fr@ Lms d
phhnuuc c6tslxr1. \ (h.nL! vho ndq 

'h! 
d4!!ve

obsidrdswh. lpd4b*yidddid+.obul

cxrorNr 3G. iiassEs of REACiNG SOUDS

3. rhr t de nuirum ns or,J,6rdcl'1o6ph@r.
qsloros. sd B bl obuied fim 10.003 of ebadr.qHror? A ch.ni.t whd cdd ou I]i! @trKim

3.',| I EOUATIONS FOF REACTIONS OF GASES

For ru.rjons of g!&,, n ir norc usul ro considd rh. votur{ ot ldmc Dd
Frcdud., nrhE thm rb.lr rses Th. votur. ot I mor. of sy idal gs is rhc
s,fti 22.4r4dnr d 0 c md l dm Ghnded tmpeEruE aod prcsurc). IlE 96
nolr rclunc ,s 22.414dm! 4 nD.

3-12 
SOUATTONS 

FOR BEACTTONS OF SOLTDS AND

$rh I rclc.ion involEs both stjds ud grs6, rn. sotids de usuary lll*trEd by

enFr. whd m!$ of pora$ium cblod<v) nsr b. ddonpob a sFry
200cor of ory&n (mssurcd ar rp)t Itr ihe prcshco or a cal3lt, d-mposnion
pd.eds {codinc b ln. Eurlion

2xclosc) -r:e! 2xc(s) + 3o1(s)

2 mdr of Kclor siw rDor of ol
Mdrnas otKoor = 92.5gnol I

Th*forc 2 ! gt.sgKclo3 
- 

3 ! r:.4dmro:

To &ppr):00.m,oryor n.*- 20o . t0 rsxcol

Mas of KCIOr d*onpos€d = 0,551s



ilD

2'ctrboidioxideiobhhdby$crd.ft lolo|glu@&:

c.H j:o!(4) 
- 

@rG) + 6H:Oo

r r 0 dni di *rbotr dior d. G. np) & @rqrd. 
'hd

cHEClOOir 3H: nEAsnrG VOlUir

Nao(s) + E2so10) - rcrc) + Nisso1G)

3,13 CONCENTRATION

Th!.arkhtdtihola ofs solurion h ro daic th. nB of.oltrb
sat iah.Mbelatea.. p@nt h I cubic dsineh or soluiiotr, e s. sraDs pcl Nbic ddimdrc Gdn )

TheEisanolhsoc.nodwhi.hkno
n moles ofa solu@ P(Mt in I dmr or solurion

Il I nole ofrolut h rnsmr in I dn3
per dmr 0 mol dm ). rhe solurion is r I mol dm I solution or, ror

:conentar io '=zmoldn:

2mohsorsolurci'r250cmr ol solutor conentarion = 3moLdnl or8M

1.5 noles olsolur.in 2ucn3: corq

ore cubn J..indt = 1000lubnddtrrs

AA



(d a.0s or$diuE hydtuxi'le ii l00m'otuolutiq
(r) ? 4s orsl.iuft ildoxide ii 5r,rnr oreluootr
o a9 03 oislrphficsd,r ii zJdn' oferurion
(/) ?13 oriliDetr.hlorid. ii 2J0mr or$lurion

con@tunotr i5 speted in ndl n-r 0 n3 = r03 dn).

blub pffit in 250 mr or a soluiion ar
hydscbionc a.id *hich ts. co]@hriotr ofz.onoldm r.

A6oui (mr) = vorm. (dn) x cdedn'ioi (mrdnjl

Amounl ol solutq Hcl = 250 x l0

Nore rhai ehd you aE given rne volune in dr, yo haw to cbrogc it inb dmJ.

Amoud (mar) = vorme (dm) x coimhdm (nardn-l

ro sir r slurion ofon€ntdtion l5 M (a L5 M slutionl

anount(nol) = volm. (dmr) x c.ndhiion {nol dn r)

= l .00dnrxl .5noldn r

Molr n6 orsodim drbomt, Na?cor = (, x ,r) + 12 + (3 x 16)

- 106snol '

ct{EcxPotNr 3t. coNcEt{riAnoN 
-

(,) 1 00dn': oir $rurid dkddiufr hrddi& di

(') 6r ornrnfthbtu 
'dd 

oroimhrio'

o ,sd oro:onoldnr surehri. uid
(/) loc orr 0.5no1dnr soruriob or Fdsim



NDARO SOLUTION BY WEIGHING

- f t

,/...

..lv
ll

) (

..', t:



tFjsurcr iG)l wsh!r 
'hosidiq 

o

rcNd d eye le\er ln$c r 5(ol rns
$!crr' 0n$ k mn thuridi,n lF*u^ r 5(h)t.

rurjo brritulir!r morc.onartrd.d nrdlr

(x/e Ydu ui,rr r. 14 dirdiGrd &ns rnd rtkrtN Ln bmrs )

I

!

,]

'l

r. .r) o! M 
'd4. 

!n!r r&[' F*! ] ' i i i  !or!

( i )  o i r ,s&y.rcorLe!$' tu luc Lmoddn iQd

i]0N0eon ).!h!honrh\ r15 { aDnoni Dlr dn, d

s. (, whr { I !d u. hyd{g{ai hoDa rf rld i)

(rr whL nls d lrdiun iriqc )a6omr lodd rou

(d Jro!sorouDlk{ r  m$,d30xiDd dD



3.14 VOLUMETRICANALYSIS

tr ro ldd a solutiotr ol \!y.!nalir b a!,rdiuor,$,,abN, ioa nEalEd wrt
udil rhere is jur cnough or $e a.id I
rlDdotsc!Ficrs3.6 md r 7l.rhe

f 
'h('l|ari 

n]lu'lo. inroackrncoDi.al arskts
Frs( r 6l Add a tery drcps or iidi.doi.

( /j .nr. rhe bolor or 
'bo 

mu'i{trt I$

bmde droFqn. uq you rllr hrnd io oPq 
'lN 

kr u'J yor 4h hmd h5v'!de
corial nrsl (Lnhs you m L.n hhdcd) s'opshd,'lrcindiat'ju{lhails

,1. Rcxd ihe budL lgaf (r,:dDr).subtd 10 find lbr voLudc orl.id trsd.

c7:  / )o;  Thn t i te srbevoluneofaddn*d.dromutrh$rsi ihrdr i



Enoeb By r'hdon. yon find rh.r t 5.0m! orhydrc.hldio eid n.u.fttis
25.0cmrola0.l00mordm r soruriotr ofsodium hydrcnde. whd n rhe
@ientration olhydrochlonc a.id?

Hydrcchlodc acid + sodiuo hydroiidr + sodiun chloride + wai.r

Hct/ot - NaoHisql Nrckrq) 
' 

p.o(/

@lls you rhai I nole ofno n uralis

,. N.v *o& or &. lmodr (moD of bae. You mst siln vi$ rh. be b.48
you knw the oF.hrion ofbc4 and you do no! know rhe con€nrarion oracid

Anount (nor) = vdme (dm) ! coienrratiotr (moldn )
Anouot (nol) N.OH = Volue (5,0) dtr

! conenrnrim (0.l(Joioldn')

= 25.0x t0 rdhrx0. l00moldn I

_ 2.50r l0 rnot

a Now vork our rh.oicnrnrio oa.cid.

Amoon' (mol) ofncr = Amount (not) ofNsoH = 250r r0i mol

Aroud (mol) of Hcl = volune ofHcl(aq) x conc.ddjotr ot Hcj(|q)

Tb.Efoq il l mor dm r is ft. onanr.rid ofHcrj

25.0 x r0 rDor = r5.0:104dbr r.motdm 3

.moldm 3 
-  

2.50xr0 rnol / r5.0xl0 rdr4

ths onqeiion ofhldrccdonc acid r 0,167 nol dn r.

Nor .hd, sii€ d. volund aE n6ujd b 3 sisnifi€d fisuEs, . s. l5.ocnr, you
qnobyor'awb]sigijfimf'gu$.

Atuhd.t@tle E',mct 25.0m: of sulphun. acid or cde adon 0.l50 moldn r rflrdisd

hydoxid? solurio!.

Snlrh! c eid + Pohssiun hydroxid

H,so4(aq) + rKoHGql : K'solGo + 2H'o0)
t . lkyotr lh lmoborErso.ncuta

2. Now vorli od 
'b 

rnddr (ndl) dfacid. You mus choo@ rhc dcid b.&!* you
donotkno*tl'e6oentionoldreba

Aroud (mor)Jad = \o umeL25om')x cd€nrarion (0 r 50 nordm )



l t

t l
Arounr (mol) or KoH = 2 x Anount (nol) or Hrsoa

= 7.50 x l0 rmol

Amonl (noD or KoH = volmc ofKOH(q) x Conctrr{ion ofKOH(aq)

.noldm r = 7.50x l0 rmol/ ] l .2xl0 rdmr

The coi€dmrjo! orpddiM hldoridc ir 0.240 mol dn r.[d

I
i

I

t,

r

s,0@!daehdo!dbydlddc{idd@!@hdo!

2'A$luloiofsorliunhJdondeoibiBl03dni'
(,) whe. k 

'r'e 
cdmhri',i oni€ solurim in noldnr?

1r) wh( volum. ot rhis solurid tuuld h. ntdd ld
mhlb.25.0cm,of0.l0moldmrh]dcfi|oficrcid?

3'2'0m]orhy&dbnc&ida€n{tal!.dby20'0d]

k) How n4y nor6 of mdjum qbome e n.u!!ri!.d bt

(r) sh{ L ft c@@h'ion of!\c hydrcchrodc &id?

6bh. tuy obd e ddts shom i e bbL qi
dis|li is6bl.68nd'jFlialh.slldihlnd.$ijn.

(a) wNd sddd bbL6 on i i'e h6' ve ror Do&,a
(t) lvhs' orh.r tdoE eouH you @dd{t toE chs4 a

5.Adilerofu,idt@Pliditrlo!Wk$pplybynis.

ool0ruldnnsoblionof$diuhhydmxidewh!'n'ht
.dadEtiotrorh'dl6niomiilhemi.?

th bat*-ntutu lt Ir rh. bhnique hom a. h.cl.-.it!do4 a kiown dc.s oron rcrg.ni A k.llow.d
medaf @tddus.d @ @! wnn 6 uknown eour ol & Ar rhe md dl rhe resrion, .he mour ol A
d th. ndrfth, t?utu md 

'msim 
n fou.d br riradoi. A sinprc car.urdio civcs $. @our ofa lhat

B/olud has h*tr ued dd lhe doutrt ol B $a. ha rcdcd.

dium cblorid. vs *'n.d wnn r00cn10f
r.oomordn r sodiun hydiande solutio!. Ans dl rhe ?lmonis hd ba ddvm
ofi, tbc .xc6s of sodium hydnxidc eqnjrud 50.0cmr ot 0.250moldm r sulph$c
&id for ndtali.rlion lvhat nls o

t) M.Go. llle No rcactions vhich hrve raka pl&e de
(r) -Ilrc Mrion bdw6n rhc emoniM salt and alkali:

NH4r(,q) + oH (aq) r NH3G) + H:Oo t j l



(r) rhc neur,lisxron o. rhc 
'!$\ 

r[!'

2NroH(?ql + H^sor(rq) ' Nr:sorGd + zrrrooi lll

The moo orNaoll hfi uiosd n

1'sodnnq'b{rc lonis l : i l ,Joglqrcdnlo| td i

0.Loonddn b'&eib.t eLd rhc qcs d\sre$bn!

4. \ri{ $d!r rrdre\4 r addcd b opFr 0r) aLph!!
F nF^. r p4rdne d.u,oH),(so.) 

^!h!o!d 
A

(d) FNd rhc ari. no$.u- ods oH d thq

1.\ \rne o €q!n6o 6r s. rldrcn br{d ioniirl

3.15 EOUATIONS FOR OXIDATION.REDUCTION
REACTIONS

Oridisiry rg.n6 rrc subn.nc€5 {hit

kon(llr,os ar rducire rgent.l,\iDs dldrD5 $ r{F iror(llIr id\

Fc:allqi r F.i (iq) + e I I



Ir. rariaraa chlornc i5 an or

t t  Ltr  i . r .  . :  t r  .q I

Equdiors tllmd rtaed{{ibcd s r'err rcerion qu
lqtdirr tar tu reao\

i be.ombffd Irequr'or lllr mu
tioquarionlrl.'he rcutrr

2Fe: (rq) + cL:(sq) + l{ 
- 

2For'(iq) + 2cl (!q) + 2c

F;'(aq) + cL:(q) r zFCL(4 + 2cL i[q)

equdions rar Edor ic dot.odpii.xtd rhri

obhhirs ttu rqnaror hr Rn$lidn mmgmrc{vll), KMno.. m acidic soluiioD n I |losdrtrl oridising
d.i.h!|r'sij,Tb|suddochs'ce|ro'npurp|eMno]

n.!udioi. 3r' (aq) i. nceded ro c
... inno;,

nor {nl + 3H {aq) - Nli}1aq) | {Hro(r)

Tlic cl'llec on rh. kft-baod 
'de 

(LHS) = r+3= +7uds

' io 
. r )  cu i  

j  .v

Poh$iuD mlngrativll) h ridi. soltrdoi oridnes irotr(Il) ions ]-nc cqldioo r.r
g hrrfFrciion qu'b( t'1fd trl sinrt

F€:. Evcs onc orcdroi ud Mioa r{r5 i{...qurion tr I n muxipr,ed b! 5
rnd 

'hh 
rdded ro equdion trl

Nltroa (aq)+lH 1aq) 5F (rq) 
- 

Mn' Gd + 4Hro0) + t'J'(4)

rora$ium dilhrondc(vl). Krcrrol
hrcmunn ). c'r .srLr BJh.iis rhd

cr?o,r  (ao I  raH,(aq) r ' ie r2crr ' (aq)+7H1oo t l t

I5 l



To ohaid th. .q@ion to rhe rcdox @riotr b.rwtr acjdifiln poiasiun dichofr&
and sodiun .drm.dioarq cqDarion l5l is nulriptnd by 3 ud addcd b €qurtion [4tl

cr,o; (aq)+l4H'(ro+3c?o4? (4 + 2cx; (4) + ?H:oo + 6co?e)

ohtainins th. equ inlt sodiub rh'osDrpha@(\,I), N'zs'or, tu a Educi.g rsdr. rr n nod onn uscd in
th. tuadb b4wet t2 ririD.ric bdysn for rcdehs iodin. ro iodide ioos, b€iDg ondied i, rh. procss

,,1 s,orr ro sodim dralhidarq Na,sro6. w}eo .he brcwn .olou ot jodjoe fsdes ;s the
md poini appmcbd., hde {mh sorurioi h add.d. n s sjvs d inGre btuc
cdtou'  v ieue Ihc.o 'odn..Arhedd@ir rh.br.elo,olrroi ,hs r l le
iwo hsFrclcijon .qualioN .ft

2SlOr' (att), s4o6' (aq)+ 2. I6l

VI

Clnbininc rh. rwo haf-Eadion equdd! si!6

CIIECI(POINI 3M: NEDOX REACTION

(/) soiGq) 
- 

sollGd + Hakq)
G) H:oJ'O 

- 
ol(d + q.Gq)

(/)  Noz (q)+H"o( l ) -No,_Gd+
(g) Mtro:c) 

- 
M!o! (q) + x.(aq)

o) Mao:G) + H-Gq):M,}Gq)
(.) No, (4) + r0H1:q)-NUraGq)
(/) Pbo"G)+ H Gd- A"(4)
(') ro (q) + d'(aq) 

- 
rl(aq)

( / )  cLoj  GOr H'(aq);cLGq)

2SrOr: i&]) + I:Laqr+ s.o6r rrqr + n cq)

G) Mdor kd+ cr kq)+H.Gd-
(d) Mtror Gq) + s:o:(rq) | u.(aq) 

-
G) Mlo4 (|q)+ q.Gq)+ r (ld-
(/) orol: (4) + ff.(aq) i r-(aq) 

-
(3) cr:oj! Gq) + d- (lq) + F.1.Gq) 

-
(r) G:or' Gd +H-(eq) + NOr (4)-

o Mnq Go+s Gq)+snr.(4) l
o cr:orrGd r H-Gq)+so.r Gq)-
(k) Mnor (ro + H.Gq) + sor: Ge) -
(r)  Mnor (sd+s GdrF .(4) l

(r) GroJ: (4) | t{, (aq) + sor. Gq) -
(r) Pbo,(t+H*(!q)+cr (4) 

-( , )  oor Gdr H,Gd+r (eq)-

(4) crJr+ Nor GdrHro-
(r) cild + H Gd+Io (4)-

o Mdl(t + d1q) + cL (aq) 
-



--.-\'

3.1O OXIDATION NUMBER

NING OXIDATION NUMBERS

A mdhod ofqpEsil€ the conbiDing p{)ffi of.leD.nt is tie ids oloxidiid

. The orid.tion numb* ofsdiun in Na+ n +l

. Tne ondrtio. nubd ofaruniniun in AP+ n +1.

. Tne oxidatiotr nmbs ofiodine in I is L

. Th. oxidaiion nubd ororycff in O: k -2.

6is!d pditiv. oiidotion nuhm {d ott6 aE ssisled Glatire oxidarion
nMb6 in !@duc wilh c@ln ru16.

in !h.iru@mbin d st!*, luoh as N!, C4 Al,
dE do. Sinildy lnc oxjdtlion nubds oriodine h I,. oxyscn in o? ed suiphr ir

oxidr.ion nhb.i oran elmdt is trot d*:rs iE sme. Irctr ta an oxidrtion nmts
or+2 i' Fd+ and an oxidation Dmbq of+l in F.: | .

3, Thc sM of ihe onddion nMb.ri of rll rh. ardns or io inaompouodhao

(ox. No. ofNa) + (ox. No orct) - 0

40x No. orNa) + (ox. No. of ol = 0

2(+r)+(-4=0

(ox. No. ofcn) + (oi. No of s) = 0

(ox. No. ofca) + 2(ox. No. or Brl = 0

4. The sm ol.ho oxidation !Mh* of .ll thc alotr in ad io is equl b tbe
chaEc on th. iDn. In sor', rhe sm ofihe ondaftn nmbnt (s 

- +6,

vhi.t is ihe chr@ on rh. im.



t '

ordadoirunbdsforhydrdlh(+r),orrr r.fl loh€
I r) aid dbnre {- i ) a rcrddrt poir
ruo c!!o NJ \o.. so. pbo pbor A o!.sr^ sc r

5. Son. dmei$ oedy ,rwqs enploy rle 5am.

cl l .xclpi r comFuDds {irh o hd F
o 2 *..ri! in pdond*. supdoxidd. alo d*

Ex.nere whar is rhc oxtdarjoR nunb{ of rh,Iium in Ttclrl

xidalion nunbd _L

Thdefort  (ox.  No orrD+r( D=0
md &.oiidarion numbror$altiumn +r.

E&nFr. Wnr I $eordsLon n!

(hd fi. oriddion ntrhbE orctcqurs _1
ft compounds sirh o md F. Oxyseo h rhc rcfffice poioi *nh 60 oxdaron

rherdorc 2 (o'. No. or ct) + 7( -2) = 0
hd lhc oxidarion dunb{ ofcblorinc ( }7.

EnnFre wrld is rbc oridalion nunbd or cr in cr(cN).! J

Th{e|orc (ox. No. of c4 + 6( _ t) = 3
rrd rbc ohd{ion nunbq ot ch|omiun is +3

blofrns rFi6 (ioN or nd6d6)!
(a) Nhro.Nol. N'oi,Nro.No: . Nor,Nror
(6) M!i Misoi,Mtrro.,Mtro! MDO .M^o,2
o aD^!or.A5o: . Aro.i ,^ff,
(d) crr.oL:,cr:orl .c.or
k) Iur  , ro , ro,  . r r . rcr j . rcr l



l - -

3.16.2 CHANGES rN OXID

oiidatioFndurion rcrdiotr aE often discu$ed in bnl ofih. ch'nee jn onddior
Ddber ofeach uchnl In rbc rtdor tu&lion,

2Fez (iq)+ I.Gq) - 2Fc Gd+ 2r1a)

whd Fd+ is mvdkd ido Fc I , $
ed to Fd* whh li is.ddvcn d imo I , the

oridrtion trunib{ dsErss irom 0 in I: ro - I in I -. aid ft $y that Ir has ben

Chulf ii ox.No ofibn = No of{

= 2l+t) = +z

fdons x chaisu in Oi. No

=2( r)= 2

onl,,n' ,!D,-J In ggnelr|' *hc
)nftar a o,tddiu .h1 elsmcnt i! ndlc.d. ib oxidation nmbs dsrqss. rn a Edoi adion

if !h. oiidariotr nunbu orA chmses by + a urils. md dre onddion nmb.r ot R

then J(+a) + r( -6) ' 0

Exsopr. co.sidq !h. rcducrion or iron(Ill) ions bv I rin(Il) s,ltr

sn: (aq) + 2F r{nt: sn+(,q) + 2F.: (aq)

For noD. chms. in ox No. = - |

And r(+2) + 2(-  l )  = 0

3!(aO + roH (aq)-Io. (xq)+5I (aq) + rH'{aq)

The only ekm.'r $hich chsss irs o

On thcLltS, in Ir ox. No.ofl - 0

on'hcRHs, inror-  (ox No.or l )  + 3( 2)= I

dd tbc ox. No. of t = +5

Itr l  ,Ox.No ot l  = l

rodin. h$ changd nod oriddid n
ox. No. +i and Ox. No. - I o. rhe RnS. Pd of ihe iodinc ha. bei oiidis.d
and pd h{s be rcduced A Eadi

TIONS BY TIIE OXIDATION NUM3ER



,xror(rq) + rN&sq(aq),.xlo(3q) + dN,?so4(a4)

Iodine chdger fim ox No. +5 in KIojb +l itrxlo.

Chan8e in Oi No. oll = -4

N32SO3 ro +6 in N4SO'

changE in Or. No.ofS = +t

Th.rcf@ d( 4)+r(+2) = 0

If d = t,, = 2 ddtn..qmtion b@m6

Kror(.q) + 2N3"Sq(aq) ,.Kro{rq) + dNa:so4(aq)

By ioichjofd4, n tulows rhd. = r ud d = 2, siving

Klos{rq) + 2Na.so3{rq) 
- 

Klo(aq) + 2N.,soa(aq)

a o& loh or !i.6bFd rct dcb fi6 a 4€!

lFdsbqidil.dorrcde.ddeiqd.nfbd'co4pLc

( , )  4o1+! +H'(a) '  HP+L
(t) c!+Nq_ + H'(4) 

-o- 
+No +HP

(c) &:' +cLorl + r'(iq) r Rn +e!r' + ts:o
(l) &o; +l:-qo.r +l
(.) x,lq+K!+Hqr Ke! + !e! | rts,o
(/)C!o. '+E'(a)-q:o, '

(.) Mnol Gq) + E'Gq) + F.1'(lq) '
Mrl (q) + Fc'(.q) + HPo)

(r)  Mi.Gd+Eiq-Gd+Er(4r

Miol (iq) +rP'(4)+ F:o0)
(c) aqo.(s) +Mior (4)+H'(4)l

Aqor(s) | Mda hd + H:o(r)
(d) sds) + sNor(4) - siorG) + NorG) + spo)
G) cu:.(4) + r(4) r c!(, + trGq)
(/) oro + ou (,oro (ra)+oo (ia) + uro0)
(3) zi(s) r F '(q)+zrlcd+Fel(&q)
o) r2(ad + szorlGd - r(rq) + s4o6lGq)

3.17 OXIDATION NUMBERS AND NOMENCLATURE

oridarid numbns &. B€d in tbc rmine of compomds. sysomaiic iom.nclarurc
is $t our by IUPAC (thc Inh.lion.l Unioi of Pr md Applid chfl,istry) in
t}En Malal qf strl'fh dd r.nirtqt lq Pltskchntut Qundtb: md unk ad
ajlo by ASE (c Assidion for Sci{e Fnt djoa) h Ch.del Nam.tdtn,

srhBfd mht s!'1tb.I' and TtuNr.hEt l3td.lntion 1935). Tie.ysh: are norquir. rbe sme.
Mr@r'r Alrl'oDgh d. IUPAC srdd, mmins tom f intndianal bady, h noe widely

us.d, dre smindid boa.dr follow the As! rystu. Ttis b€k, shce ir dm b
preDaa lhc Ed.s td dhidiodq allo fo[o$ !h. ASE .yEh.



rhe dtdlttu nlb rtd. crr'ons (pG irile lon t d civd thc ram. of rhe clcnc rogdnd witb the ondaion
etuErt t weired ifit k dqned by^srockl

es Fe: non(rl) ior Fcl noi(lrl rn

taDgx /,/@'t J wn.n 0,sc n nd doub! about thc ond{io! lue Er

E

Elemenhr.nions (nesarive ion, m iu€d rft{ rh. dflcdi virh dc cddins -rde:
e.g. H- hrdide N3- nitid.

eg oH- hydrcxide No: nirjr Noi nnraE

(c s, NO,, NOr ) nc mmc. are denved fiof &e nm. o.rhe ddsnr {hich r

. s. so1:- sulpb& ioo HCO. hydrosencarbonrc ion

arc chtonre ions. T. dndnsish bd**n rhm, ihe onddion

NdM aftut^ .s. cro chronb(D cro, chranr(v)

:lso clo1: cbnmt.{vl) cr?or: dichnmd.(vl

Mtro{: mmeddc(vD Moo! nmstunef r)

Nor lirmie(v) or nnEG Nor .it.are(Ill) or ni'dk

so1! sulphae(r,I) or surph& sorl sutphar(Iv) d strlphit

Mpt.s hrve nor ben {idety adophd. sd
ulphaG and sulpbir. Thac imd da@ back io
mdrtdurcofr9?0

Aci& aE named ans lhen anio$l

Nam..fta' rs Hclo .bro!i.(l) &id

Hclo. rbld;(ol)rcid

Hclor .bloi(9 acid

Asrir, th. mnes onrcus acid md strrphurous rcid N prerflrd b rhe slftk
nmes {nn.cox) and s,nphuricGv, for t|[ ,cids qNo: fd H:sor' i s, lb j .nm.dbyombjJ ' jJ 'e l i . l



3,14

N:O dinfuoscn oxide

NO: nitdgen dioxid.

NlOr diiirrcgm &mridc

Fhosphorus comloun& ft $mdim* named
soo4ino! by rhc sbck sy$.m:

POCI3 pbosphous ri.bhnde oxidc

socr: 6trrphur dichloridc oxide

by $oichioncry, s abovq rd

aoerysk. Fd €xmple, r soturion of unkio*!
aFid 3 rbda'n solurion of m ondanr
sd rhc.quarjon for th. ft&rion, ihe

e€. FCSO4 noi(ll) sulphare Noclo $diun chtmrc(r)
wh.n r s,h is hydrlrd, rh. nudh4 or vftr notmles ptr romuh unn n sdedl

.s cuso! 5H,o mpper0r) sutph&.5-sds

3.1' .6sTo|cH|oMETRTCFoRMUIAE

sM' bn tuna are Th. ondd, sutphtd6 md hcldes of

eB PCl, phorphonr p.nb(trtond. n phosptroru.ry/ .htoridc.

ILrf3Y,Eorf3c ANA Lysrs. u s I NG REDox

Rdlor reictions &. uscd ii rldmddc
concntarioi ol a rcduck is ritaied
Fton the vorumes of r])e rwo sortrlions
.on.dration oflhe uoklou solotion

E*npre (!) Find lh. corcrnrxrion of s i6(rr) slphac $rurid. siwn rhd
25.0cmr or&c sorulion,whfl acidifi.d.ftlun.d 19.3cd: of oozo0morom -
pora$iuD mdgmar(\4D for orida'ion

Mdhod The equdion lor rhe rcrcrion.ona rus. A .oibimrioo ot $c rwo
hdf-Edionequrtioq rsds.nb.d in gr.5.ll.sv6

Mno4 (4+5F a(eq)+3H ({)-Mnz (rq)+5F .1aq)+4H,o( l )

.qmdd indrcd* rhd lnol orMnq ondiscs 5notor Fcla
Amoudof MnOl in l9.3mr = 19.3x 10 rx0.0200mor

= 0.196 ! lo rror

Anouorof F' in 25o.nr 
- 5 x Mouniof Mno.

conccdr ionofF .  =(1.e3tt0 r) /121.0 x ro- lnotdm r

conccnrarion ot F!so1 = 7.92: lornordh l

EnB.r. (6) A $mdard $ruuon is prcraEd by dissolvjng 1.t35g ot.AndrR
porasium dichrmar(vl) md ffring up ro 250dr ot solurion. Tbis solfljod i5
Dsd ro fiid rhe @nceoratiotr ol a sodim diosulpbsre soluriod. A 25.0cml
podion of ti'c oxidsr s6 @idili.d ad added ro atr erc*s ol p.ksium ionjdc h



Groi:  ( { t )+6r (rq)+r4l i  (aqr '  r r . r4 l  r  rc ' r 'kqr r7H.o( l ) l r

I:hd + rc ,2r (rr)

:s!i2 (41 ' sroir (r4 + 2c

:s:ot (xq) + r:(rq) , s.o6, (!qj + 1 (!q) trt
con.cnrn'ior or Kzcrror = (l t35i2e1) x 1= 0016rmotdm i

(rtuo equali,r t' 1l

(rmn eqmlm pt)

co.censarionotuhrostrrphdc = (r.116 x 10 )rrir 5 t r0 )mordo ,

4 wrd !dro! orFb$ilD dog$irdlo sb'6ir

EOUILIBRIUM

Jotginc'lfur,{!rc|,![jngthreleh

ld srr 
'hr"b. 

n'urr'i {$ rrrir GDch sil!}.



re rhiri!adrEnic(nNing)qNiibnrrn

iD!crn b!dufibd Naiyrm The Nord

rowitiqu .homiDc.inr,.ssjirridrcplrc

^s$ooasihe| iqoidmigsthegis l

ihe odsb orrh, cld€d g* ju I $ phrss m prcsd. li,ttrid (bonirc) lnd srs

is {e[ r in. lrFfrdDn (or 4!F,rrion).omiiu$, eJ lnq r0 r!46 lic

to deep$ ror cvs 
^nr 

60minut$
lddKa5'r]oqhupong'joi|$fta

cgasphA. isniJdlr 'chdgi4Mol*uls

inbu|krc0dhgi ig] th!rc lud!o
slofr indj i 'h.glspl [ !&m|oq(thmejns



$!5loonf orcoPF(r)$tphr'ec
md mdeDcNbrremrou Fr F€uc r.e l

c .oror rcmrins .o.md. rrhoush (Ddjdd
you harc $cd ad dcss orcqrais) undissohen coppotrr ) sutphak rcmris r' rl'e

soLuioi h ! sy$eft al qtuiribnum ]\xbough
,r |ld.opps(ll) sulpl'dc is s'illdhsolving

bd. srrns i' dfs $, spp.!(tr) sulphac n crynirising llom soruron:

ctrso! sH:oG) + aq=cullaq) + so12 (aq) + 5H:o(t,

rhe utr or a radio@rivc h.er. Ir sone .rynlh of cuxsol rH:o,which conrain
mdjoedrcIS,Jcsddtd.,.unigh

rviD8. rhite .orub crysbltis$ fiom rhe sotdioi
ar ih. sme nt lse FisuE r l0l

=

3,20 CHEMICAL EOUILIARIA
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.lglicibledmmx|tnFnfuE\

c!cor(s): cao(s) . co:(gl

' I]reyrecomblnel.lomu!]cidnclboids:

cao(t+co:(g)-c lcorGr

rle slncm bs mch.d r nar of dvmm(

ca.ont: caoG) co:(c)

iD*ioic is h.!Gd in a LimeriLr. 15 rre aim i5

rh(lsh d!!n or ajr jd ordc. b nop r

e{r) jd vrilr' ssrcm\ dsuirih;un adjud
*hei *trnrrhdor E chaDsd. H

Br,(a) H:o0)- HB(q) 
- 

HBo(q)

Hld runr! r! d Brunn|),qi

rrpdrr hldrbofLclcid! soni(r)lud{ctoLh

bJl lohoo!aodlodPft

ecL,( ]o s:o()-  B o.(r  I2H.1!ql

(r) hphD ll l  rddq q xs ors drc $hrb, du$

3.2I  EclUILIBBIUM CONSTANTS

..o.!urcd inblhc Dtudu$ bc|orc .quitibnun

^nu!(ur.r 
crrot.r'



Cts,COrH(l) + c,H.OH{l)+ CHrCO:C,H.(I) + HrO(l)

The €quilibnum on!$r f. n sisn by

,_ IcH,corczH5ltH:ol\ = 
rcHror{1ta,H.oHl

lhcrc Ic,H5oHlB 
'ne 

mrcnrdio

._ tc l . tDr
" ' -  rar '" t81"

crblysb rlrd ibe rats .f chmical raciions. lr the o:. of a rcaction whi.b

footrd rstion and fte rvsse readion by rh. same mrio. The posilion of€quirbnun
h tberelorc urchang.d. Thc qtuifibnum condan! rotd rhe ianc whxi !h...1,]y!

hydngmbmonndthe'mrp(a
of a caralyd ro rhi.vc rhc id" Fc

3.22 OXIDATION_REDUCTION EOUILIBRIA

Likcorhd rcactioos,oiidalion-r€du
compklion In drny.a$s, a nat or.quilib.iom is rcach.d. Tne i.adm6 dd

in conparable amoun6 lfsolutions orrbc
redrciq qen!, non(ll) sulphats. $d ths oiidis;s aen! iodine, 

'e 
rix.d, &. rsuhins

r,(4)+2Fe:.(aq)+2r (eq) + zFel(aq) trl

whcn soluroDs of the didnirs EaseDt, Fei, ad rhe Educing qenl, I . E miild.

:Fer'(Jq, + 2l (r't)=2FC-(rqr + 12(,11) I4

rhemmpciriomot$rdimslrlmdlrlwilbelhesme.nreEasD jsdrdquilibnun
r ennblisbed, od dre posirion ot .q



nd{ I r I or rcur lr I. rh. comcdi!

^.=_!.  
l  ' : -u 0 'm df

ie. rhc.o€mciedbdore rhrr mdd

qu'jor l?l rn r dm, or $r[ion n
r2' rhe conrfuditi of F ,

tion or quriiiun (br qbd ro lhtrh r[c
rldiE rcachs coopldior) Lrds do
*ir b€.o iiu.d rd chapie.ll.

({) zo(n- rHo6q) ,2rd,Gq), H.(,
(r) cH,o i 4cLG)-c.l1L)a4rrc(sr
( !  Nsr 'No, h)-N:oG)+ rE:oo
1dr ro,  14)+ !  ( iq)+6H,ke)-n:(xq)+ru.o0)
(.) ,Fe(cNtr 1ac) - 

.rrcr 
- 

z.{rNr,, tlq)-lcr (aq)
(/) rcoi' kd-:H laq) - cr-r: (4)+r:o{L)
Gr roc(4) 'cul t+cucrr teq)

o) conidei rhi F&i6tr I epftyrln br dc .orol q
lqutrbil (a I nrbi!rcG r€ i me $r itr lbs do oau
| @n LtnFntrn. ud6s obesrf snar)

c lF4ts:o,l + r,o 
- 

H,o' , trelHio).(oH)l]
D NHngi + H.icJ - Nricr(r)

Fslo:rH:$! .Bisoi 'g]o:

H Pbonl) + 1r tr\{O - 
pn:G) +:ts:o0 crr(O

(D suron[!fdlNrrHre4do\(i id,oo dG

( FDm {& rurros hkd ii o) lbo!, skd /,4 of drc

tut)

( ii) Fo iiy 4 or hc rcr.fbc i 14 r tr) r vdc rb
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(4) e*iE 
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(r) ft$ne dL drliss you {odd {per b !6 vhi
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^@br 

ornot\ oftdphu dioid.
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^r(Mrtulonp 

dr.s $ 00n boG d ee$i pt

(rc[,icd!rundlsts = 1.o = 16,s = ]1Ca = 4t
(ii) wtu wr@r ol slohu dbnde va dsrbd ii rhe

( L nd ocrpbu dioxide n dr r@pqdu. hs r ldune d

(, su$n { u* for ft eesn prcdiad by iii ndhd

Gill r)

: rc\(Nor),Gqr +:Noo | 4H,olr) 0t
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^s)
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(r) ud{ rhr odlioN qourd rh. Fl,Nsiuh
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o!!
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THE CHEMICAT BOND

4.r toNs

rdtes or thc odallic pii ot rhc conpomd?
{bqm$ mrdd er..ri.i '9

r a copFr sax Ise Fis@ 1 r. \ 4 I rt

6 soluiionoftr.btonder
ofsL(shoxa aed!. jrarcn ofddst$c

F1eu. 6 r. !6 
'll

through'hcddllooFDoundormlq

snhsrbd.h bc divlild inio fou g
dndcutrsr of eL{ri.nyls!!r!r,rc4 rt

soLurrons oItri,r! ed !rrer( 0d

.orpu(ll) chlo.ide solL( otr.hrnss



crylds ofsppe{D .hloride do trd coDdud el.lncity. rnd dndlu v{d do* iot
.ondud eled city Yet lhen rhe $o

dddcityitrlordouto|lhcel|mec
mde oferemctu s.h as plrdnuh fd elphnc. $hich do mt rcrct Hlh detoiyb!

vereflniMlotthebdteryisallcdrhcdod. The
eletode connskn !o Gc D+alivc tminal js crllLd rhc cadode.

h the pro€s, rh. solu t. ropFdII) chlorde, is spln up CopF appca6 ss a hyd o tr
rhe carhode. chldn. n evolved !t thl aiodt coppe{Il) chroride lrs ben

coppd(ID. oride n rn.bdDllr.. A

sachenqlcb.@(orin whi.h x cherLrl
.haige Predues c16ri.i't i! qrld a d

Ii erplrjnjng electolysis, wc mus rake into aaut ihar, {h.n .opper sdd rie

s a losirive charse n$!irted with q,pFr in dll
ns saus we asei th coprrd, the element is compdd dropDer dons. Des the
ombiDrn oopd ii mpp.{).hLoid. rnd orhm sahs conr$ of r difl.E kind or
.oppei arom wirh posilvc chrrgs? c
n$er .i ths ocslitu .ledrod.

{nh.orFln coppenl) chroride chlonrc n
irs $lrs mud consin or a ryts orchlonnc rh wih ncsdivc cha+r

Ii 1 3 r1. M ichrel F!1d,y suBcesi€d a theory ro $ plaiD rlerd lysis H. susgsied the
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Fu.dcoppe(lI)d'loride.oNnsorposiriv.ly
hr'gdlhlondciocnunnsdldfuF6.

orlhknjnc m rom.d lsr rrlgue l.21

sddcoDDe(r)lhro.idedos nolcon
u&r5 $ruion orrh. sk tr I good cordudor
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!a,hs 
'hchq,k\ 

h!v$ {\tcd b 6j rnd h!

li 'htrsi3snxnd Dnded hif rjobas I hbonroryd!$a..

n lcd. optical Bla$ lnd thc ljqsradior of

l.dtrfslol.l ' iLdcn{bjchis{iILqDljnulll.

ov( n b nch th( s!11. You havc probabty \sn
sd(r) biomide is a o diht eh b Gc

be66c it btu . tudy 1o! nelring pod

ld(II) brom'dcisd6r.ryqd ri d'c notrci sak.



rpmbns h {n aton r the same as the nrmki
ofclcn 

's 
l*c $ r.51. It an aron .nher grirs or lks b cl€rEn. n will b(ome

hydosfl ddB rom FdniE ioi\. Foi
.xrmple, a sodim atom loss one dErn ro fom a posirrvcly ch sed sdiun ion.

sodiun *on + Eh.ron + sodium ioo

Nr 0 r prcbN. r r dE nB), o + Nr' (r 1 proro.\, r0ekdrcnt

An rlminlum rbn lc r erEronr ro bsoft an xrrhiDium ion, Ar3 Thc chaqc

lon,(anion, rhcy do llns by eaidng dersDs.
b(one r.hbnde ion, ct .

cr (r7 l,'obns. r7 dsron, + e : c|. 0? rlobN. 1r! crcdros)
m.b4td

{oncanoxidcrcn,cP
nr. Elmpl6 rc hydoride ion, OH i oirate

ion. Notj$lphat ioi, soi! Anr l. 2or 3 Tabk
1.:, !4.r.?, risb d,e srnbors rnd fomulrc of.on. dmon ions.

Some liquids do not condud ekddcirr. It follows rhd! th6.3ub{ins do nor
d panicles Ru.d noled.s Isd ii4.3l
and non.nerdLic etenmb aF usually

deroly6, and mDpounds form€n bdwtr mn fchllic c16cn$ m cdcrdlly
ioi ddnryb, c.s. dhmor Gr6hol), or wc.k ohdrolyrs ts i,1 L]t.

ox vcrysrighrcrh(.forciampk,dhanorrcid
is a n@r condudo( ir i. a w€k dc..rolyb. A solution ofdhanaic rcid .ondils a

eke nco.dE( The conpound flsr mrnly in
rbe fom or morrL,req *hich do nd mndud I*c i4 rt.

r. k) Diir rhL idnoli! L{ d(rlddd*r.dduddn

solid !A. nor.tr {d. dbbor (IohoD, dklilrdl !dtr,

(ccrJ. bn$, drrhe, ndk Dasd@ chbdde, srd
sdunh'n@n&,od€trldi@hrdrciidc$diun
h}drcndc$blbq,Nqtsto].dwl
(d) sq {hih onhc codudtr5 h rhc Er {i d{rrur}16.

r. Exp6h {a) whr DN now bqde chtuodq ?|d
(, why si d copFl0l) sLphft i trd 3o dsrdal

4. ADi}g {tu qusdois ( rhc bcsindig di54. | |



4.2 THE IONIC BOND

Irr u, look in more ddd !! hN aloms are !bl. ro rom ions. Ho* can oic,rom be
*L io gjw up an d@ton to fon r.
m el*to! b rom an snion?

4.2.I SODIUM CHLORIDE

1jot !t the eldmn cdnfiguration in a 3odiun lton IF gM 4.61. Tnere i! iN ane
chdrcnnoretb Lheie is in an dm

Th. iobh sas ls{2.lirft heliub. nen, ffson, *!ypron, reDonrd ddon rhev
tele pmt in hfdly rny cheoiel €ctioB. Wirb rh. el{ton conligumion d,p!
(ls: for He) rhe nobh c!*s hlt a ftrll otrG shell ofelectons tFisuE 4.?l and i
slms pmbrbt thrt n is rhis eledbn onfisrarlon rh8i nrks them sbbl.. fiat n,

when r sodiun aroD N(2.3.1) 16$ rhc lonc olctoi &on ib oubmod $dl. tb.
ouln shcll rhar EmiB 6nriB 3 cletbns. rhe same as rhc noblc !s nmn N42 3).
This deron conlicrarion is asocirEd {ith shbiny. A sodn'n dom .annor Ld {i
elilron ml*s anorlrf aroo ryill ..6r! it. h .rn, how4{, siE m clcdron ra r
chlonne aron. h rxd, sodiun bum visomusly in chlonnc o fom $diun cl'loridc

Ho{ can s chlonnc lbn @rt.n .l(doi? wi$ lnc clrdron connguratiotr
cl(2.3 7), onc frot eldon siv6 cN
sas d4on A(2.3 3). A lull ouh shell brins vlrh j1 shbiliry lFisu'r 4.31

t

i



Figurc 4-9 srom ehai hlpFis whm an arm orsodiudo.rr. an ct.dron 6 an
aion ofohlorinc. A full oub shen k l.1l behind in sodiM, and a tdl our.r shcl is
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M.'gmiLn (r 3 r) tu r*oehdrcr1
roN FtuqiDc e r) DeL h srii ir.t.dror

Nl! ll.s l) Nls" (? $) l!



Th. produd fomcd whcn masEsim buns in .n i! n snsium oxide. ooe arom ot
iasidion, Mg (r.3.r), sjrs rwo eredrcs b ore ab'n of oxysen. o a.6). rhc iois
M3+ e 3l a or (2 3l are fom.d rhc .rcdrona'ic arrrcrion bcrrcm rhfl r an

ErdDvared onpou s (joni. moDounds) aE fomed wbe! a nd,xic eranar
ro rb r\ wi h, ro-mcLLli. eklm
sodimios,Nar.mgnsjbionqMs,.anddmidmions,AP' Non-nchlti.
elmmblomnegaiiveiors,e g.chrond.ioqcr,andondeD!s,or .

Relsr .o Tihk 2 7, which lisb rhe .rdM oDtsntions ol rne abms ofsm.

. c.n yotr so tof, lnc cleton onfisuatons shy podsim hd $dium fom ioB
K+ and Na+,ybiremg,6iM3ndql.im fom joosMs.'rod ca.'twh do rh.
eGcron onfisuariotr ofpora$im and sdiM halc in .onnonl whar dd rhe
ddbn .onfisunriois of nasn4ium

. ce yor s ftom rhe ddm @'f@aiioff why fluorine $d chroii. rom iois
F mdcf,{bileorysEnardsolphufoftidso: dnd s: and n osen foms

r th. ronowing dftcns *irh ihe soup in sbrcb
yon frd them in the Pdiodic rrbrc tp. 7e21.

Ions: Nr+, K+,ca?+, Msr+.Br':+,$+. A| .M ,or

oo ions ofneh[ic elenem 
- Gro$ nunb.r

m.blic erm.Dr 3hcll ofan rbm ot lhar cl.m4r

- 
3 (Nuebq or.lerons io rhe oltmo*

- shel ofrn dom or ihd er.mat)



Li(2 r). nuonit to 3 hdo4^ s'h rtu ddroi oiigw{trdi
F(l ?). Drv lft oorlgudrioi orehtuom (a) i se doN
orLaodf aid0)r,iapirorbrsh'blonpouqdribuo k) L(, r) {d oc 6), (r) Na(, 3 D a^d Fp ?),

k) &cr)rdF(2.?).(/)Arc3){ndF€7),

(!) a &d[n ior. Nr1, 3) ud r ftoi !on, NlC 3)
0) adLordeio',cr (13 3) lqd !r {3oi don. Ar(r.3.r)

osiriv. and ic€,Liyc ioDs A .oFDound (
ndtll b@!* thc.hr4c on 

'h. 
posililc ion (olont is .,rual io rhe cbaree or rhe

i.€dive ioi (orios). ri ziic c ond.. zncr:, onc zioc Dn, zn+, is bilaffd n
cbarse by so cbioride ions, 2Ct .

L.r d! u* rhis Dniciplc or halan.ing rh. ch.qes ro *ork out rh. romuL* of

TwoOH ioDsbardreonccd ion



lwnbe'oqdedfu'olwiqidofpolic:
k) lirwrchbn&, (r) Fdsd@ oi'drq (c) sils nihc
(r) irc brddq @ DaBjd iodid., (4 @pF,ql)
eod&, G) ll@didn.hlrld., (r) mmniu riphit,
I i) diiu bid6nde, (r) sluminiun.!lo'i&, (i) $dim
hydrcsoerbid., (r) sodim 3ubhne (') id([)
h rciid.. r,) ibi0ll) hydrciid., (o) dnfum od..

How m yon b8ime rhc cltlls?

How .!! you b3lane rhe cbds.s-l

*dk our lne fomnli ormy eLfiovrLnl cmpoud oftinitrg tnse DN

Yotr vin node rtalihe sulptrts orior e !m.d iMoI) $lph.tc ard non0ru
sulph.t. Thc Rdtn !M.n&, and m, show rbich t?. orion'F.a+ ar r€r+, is
!nmr. Tbis is ,rmls dmc dn th. mpound' of eLnd6 of w;tle oxidation

oE Pe+ io. brrrnG orc soll ion.

T*o Fc:+ vould bale€ tns SO;- idr

thd ns. b. nultidi€n by lh. 3 dbr toilo{s
rhm.The roduh corbins 2 Fe,3 s nd l2 o.

$iEcr(Porir acr fonMuuc oF roNE co|lFouNDs

G) d' (r) cucor, (.) zo(oHt, (d) agBn G) c(Nort,
U)FdL G) FrBlr, O arto.. (O Nio,, (j) Nrisior,
(t) Nam1, (r) ldot, (n) Klcho?. (.) csnPo't.
(o) N4sor, (,) Ersq. (d c.(Hcorl.

Nd.*
cl-

l-



pohsium.hroride (whiclr quis 014nn) be$€en rl'€ K
nD5 arc iiod{torh (r,avr d'e same trui'$f of cLcdu\l

NrkN ror 
'h. 

uru'r ddbm Ii r j 1l

ompouDd Mr drr*i by rhl rhorc

Nx(s) + jcl:(g) , Nrcr(s)

r_ v4o arion ofsodium Nr(s) r Natd
2. IonndioD o. ldium NaG)-Na',(g)re zlrdl4,n
3. Dn$.idioi or.hbnrt lcl:(sJ - 

cLG)
cr19+e :cr (s) rr,/r,-i

Nr-G) +cl  (g) ,Nrcr( t

c\olhcmi! Iscc ! r0 7 for r rr1|!r kdmcn'.]

Levd bv roani.s iMjc boid5. Tbc ft,madon
k pictrE ol ersrovden.r' provs ro bc norc

i*dL lnrdcdonF €urFn):

(ahD c iuhbqs 3( i jo = r. cu = ,.2o = r0)



4.3 THE COVALENT BOND
some co'trpounds aft bor-hdrolyr

bond *hich dirrcs iiom rhc ioDic hond.

T{o arons ofcbronne conbinL ro to
rhe detroo conlismrion cl(2 3.7). G N lcwis su@*cd 

'har 
ihe bond iovolks .acb

oirh. rvo chlodic rbms shnns one yatrG ddros m
rhcymrm.d *irh rhe oeer chloine aron. The r*o dons have io rppmrh
sum.jdrly cLGLy for lhcn rbmic orbiuls rd ovullp. Tnl lhar.n pan of.tsron! n

e ene dbird {nh oppdi,g spins t$ 2 4t rhc
o*i in FisuF4.16:

;91:

IJ:  C: H

r$..hbnn. rbns brs obdincd .idr Jctoi3
id irs ouB shdl: n has tomplded i
rbmic orbnrls or rdtrc.Dt ,tu3 ovEhD in spme

Cdvaldt b.ndiic is inponst id .rbd
idbyshsilcomddmiwithecholfoft

dirgrm t* Fisurc 1.11. rhc hyd'o8.n cledrcls aE shawD s dor fd .hc dbon

noblc ga .onrrgurdioo of helim by

rn drbon dioiide, de .ribon rbD sbafl I'd ctetrdnr *nh cach ofr{o orye.n
a run ocbr of v,lef. e|{hs tsec Fipre 413 I

o:

o



cov,r.d bond, rhe 6vo pairs ofsharcd .lerons
e a doubh bmd. Th{ p!i* of debns on rhc

de$nbed as 'lde prid or .l.crMs.

In . rohcul. or iibs.r. erch nitosa a1oB, *iib fiv. ddrcns, n*ds io shm
rhrc. of irs .lecrons {irh ihe orhs abn of nirrocm in ordq ro cofrplde i6 oder.
Thc bondins can b. *nrsn tu shoq ln Fsue 4.19.

n0).idFc7) shovby4asof rsLld0&rhseh
FipFs 4.16 io 4r9) wid h.p@ ehb u bd F 6bbic

swrdt.ompotrid cHrcr lErErrcr @fi8uBdos aE

6*r@r conpoud, Mj oi h4 
'tu 

d{aon onisura'iotr

4.3.r FORMUTAE OF COV

:N:N:

Thk ncrhod or dcsribing nor..urcs k caled $e rt..e bood rdbod. rt 6nsidq,
m th. ($ ofrhe moGculq .xc.pr rb3. on.

or noE.lshns id lnc ouer sh.u o
sh.n of udhd dom by s ovdlappins of .lodi. orbilals.

olhft,li@hi.fr Is4.5.1t.

s !rt dcided by rhe nmber ofpriis or.tdron.
,dor &d .i$.diryms i! FisuEs 4.16 to

cov!14! subsbBs an be solidq nquids or c!.6 ca conris! ofindividual
moled*. Thc nolr.trlcs nor indcr.ndendy. virh n clisibL rd@x ofllFdjon

nifisqr lores ofarmdron bdrci thc
mo1c.!16. Ho{ever, thes aE waker lors rhrn rhos in solids, and illo* notedtes

ty. so rhe sub$m md flow.



In sn. mel.nr sub€hIG, .he arEdiE to@ bdv4n mol-ule aE srors
ercusn ro nrrre rhc subshlH stids. For dmdq iodine is a shiny bt ct drsrltine
solid, IoGr of .m.ion oparb b.tu rhe ndesls ofiodi'e io hotd thm in .
rbEiinemid,l shmc ts Fisue 4.211. Th4 arc rwo Lin& ofdEmiol bonds
in n: .he ituld.cd* hoDds (isid. thc nol*ules), whicb rrc sr@ d,tmr r I
bondq ud rh. hblok da l@ (b.sm individu.i noldl6)_ vnich r€ v.ak
focsof mction b€lxm I? nolecule* Txe o einofrhs.y@kfor6ol ncrion
is dirdsed in $ 4.5.2. A 8tutoE of &is kind, vhi.n conshb orindividn,r noh.uis
hooded rosdhtr in I rceDbr amng.Gd by sak ituoredd bo q isB .d a
nohnrf tutu orha cxmpres e <&sibed in 96.4.

ln a moleuld 3hchq th. intnolalar t Dds @.6ily brolen b ilow
nol4uie! ro boE indepcndddy, rlai is, to.nrd rhe liquid ph,s. sd .ovalmr

loH rbm thc otionic slhdmes. Mmv rrc
The bolrgmprd,rF o.md) @qk;'

Sme 6v,ied $bnr'B do nor msi$ ortndilidDal so|{'nd. They m
m.mmhsLrsh.i6, 0r gildmrdrrtuB.oF*mpleisdiimod.

nios suhoMe T1l .ilaodrtry pop.nies
ordinord arik fsm ib (dcruE. A srlsl ofdimond onbios millios ofarons.
FiguE 4.22 !how. hov clry crbon aton i: joimd by coBlmt bond! ro rou oth*
.a6on arons. n is rry dirfimlt to bmk ihis n!.@Dld'nar irrcturc, and this is



snphre tF gur 6.1:l. bou ntrid!(uN).
silion(lv) oxidelFigua6 ralrndsillon.arbrdc (sic)ards.nbed i'i6 I rhe
r!.nB lovrh bonds I'olding ihes E
meltrg tDp{a(uEs (hishs than hor ionlc solid:) ind m.rc thn in'l!'ilo (i d
ther harc high hoiling tenp.raiuiet.

l

Do rcthy crowfqn H odsl ii Dororhy cbs fo d ws the dNsi b or ri.haeoloe'ns
odhi lldjqlr rhc UiitnnEs of oxlb

lognphyvhch sbchrd$rtud n' crnbrdsc

onc ofhs iAl rrobhix pN peo'cilli

seh',Dddhy$dnrudth{.'trho

4.4 PROPERTIES OF IONIC AND COVALENT
SUBSTANCES



roii. .oftPoun& aE fomed lhcn
conb,ne by fomins ovalsnr bo s.

G) Abm ofnda'lic dqmb rom

(b) Ernenb ofnon mehlicchnd(

rotr n.gariYc ions lirh charss 2

boidsrl'fld rodcar fom is.qsal

mak$ ir dirf'dx to ep3nb rhe ioos
This is q hy ionic concounds rBr
highnchingrmPrddrc5aDd boihoe

Thec rf th€e ryp.\ ofcovdeor

ncsribblc focs orartaclon berren
hok.uks srb .ovlleni slb*rnes
msass,e g HCr, SO.. CO?. Ctsl

Bd*rn d,Yidurlforftur6rh{e

iodft lFicu€ 4 ,t md $Lid arbon

(o Mrqomorcarrr iruclures or

Lrs.numbc(of abmshtrkin.hriis
orsh*r.c.g cnphn! lFi8urc 6 r5lor

djmond lrigms 4 22 and ,j.l ll aM
qunz lFisue 6 14t. subrm* lilh

Mant ionlc conponnds dissorrc in I
;$]uh|ciNdq Mm} disglleii l



t4) Li ud nr. o) sr rnd cr. (.) B! !d s, i4 ca ald o,
{.) s lid o. La F iid cr, G) cL r^d o 6q th! Pqidr

4,5 COVALENT COMPOUNDS

rons in ibe nolEde Th. 5roni. orbnx( {r
r@laedbymokcdrrolbihh ne moltrullr orbi61mdhod ol vi*ms rhe covalenr

ulaG ihe dMtburio' ot.ldron ilensiry o\q rhe

]ne .odour lins j.iD (sior or rhe s

nre highsr d<ron dmsi'r is rer .!!h Dultcus. rhd. h lko I tugion of hiqh

b.rw*n lhe i,o pGnive Ducre from

$lhdiD rhc norstrre tse rigm 4 r1l



The dhruc. b.r{d ln. duclci ofco
ndii coval€nt ndii, $ich ae erso
.ovJmr rudii or .hronic Md hydrosm giv* ln. tdcd of rhl covatenr bond in
hJdrcen rhbn& lsc Figurc a.251. Tbi
{hicb *in b€ srad ii !4.?.,

h s hond bd*En identiel !bm, e.g. H.-H, ihe el-ton d.ffity or rhc boidids
arbitai is disdburd lynfcriidlly bd*k! thc bondd aroms ts FisuE 4 ]3l In a

lo!h.mokcukHF.|orcramp]c.heel*ton

lhehy&og6ahTh.$j]i 'yofan
trs. ltuorinc n rdc .letoregrtil. rhan

utrit cu bc 6sign.d. Prurins ddived a scdc of rclahve el*toneslrivity valEs. H.
ssicicd I v3rre of 4.00 b fluoiine, rhc fon ,ilclroi.sdivc ofcr.nr s. son.of



kr: $c !{ c orrl'c nesative chqe (dtr. to
$e detdr) dos oor coiDcid. $dh rhe cente or poerivc chusc (du. ro rh. nudei)
Ttsc m msny odrr.ov,leoi mol€cuks which. lilc HF, m pold. Thse n no
shra disrirtion b€rwm a! j.ni. bond a.d r covalenr botrd ls* r'igm a 261

nc rdn ionic bond n d*d ror bonds {hich e predonindrly ioni. The h

thd. h a considtrablc d.!re ofpolfiry. Bonds srch a5 C clmdc o,ae
iem.d 0olft mrlflr bd&. I1..w. which Pulins drs b rela& $c pucohsr
of ionic .hdrkr iD a tond ro rhe dillcnce in .ldrcrcFdviy bcrwetr tb. boDded
ab n sho{n in Fise 4.27 Apprc

! , .

: !0.a

: , ,

PL0riic.sdetolegrlviiyva|u$.m

h nohiion liom odd rroms xnd bondi Tner $d!ld d hl ardid ro r romura

cao,. NaCl dr LiF, dernn.grbvily



in an ion prir considsed r isolaiion, e.g. Na (g) cL (s)

i4 Esullis lhar rhrdehncloud of lbe Nr' iotr hcqnis hqcubi.il in shape,
as rhoq in FrsuE.1r3,s4.r l .Thc.r
th. ims in the nrdun. bd sodjun .hloridc is n l ovestdfiigty bdrc in nddrr

ro ! norc prcnounrd cior iD rnhiuD 
'rlonde 

ts Fiem 4 ,!1 h .onrAr, the
de ts* rjjsE4.14,{4.r 2 shows b d.dsn

polris.dlnDsf,xjons''IleclechsjiflallrNeenrtcd|d!.lymdfulhnb}

K FaFns romurded rrc ruhs b predE! rhe prcp.iion\ of iooic Dd covardr

au$Naa rd Cl bearunn chqes,lhdlas
,udiiium cbbndd n fkcL) 1o bc do$r. ry boDd.d bs!trsrAL} ioA {cbishty

2. Bonds *ill@nd b bc ioric ir rhe rrdjus of rhe po*ibG cdion is li4e G.s. de
,k!lj nd!k) dd 

'h$djus 
or lh. p.siblc aoiotr r snDlL lc s rric imrld hlrdsor)

i8urc tr.4,!r5 r comNc ihc rtdir or rhc
to,th, oha 4 hqh tha\t rhe tugh ch4e m 

'hc ̂ f 
onrc$

df a hjsh chrsc dd r smll ndi$ civcs Ar ! hth ch.rc dcnsiry (i.e .h,]gdvotunr



rdi). rid 
'h( 

mrbb 
'h. 

crfon 1o
@ith (r dre nDllldlo

4.6

: ' :

THE COORDINATE BOND

runshxrulrcdMr (r rDc Dft) r tr\ oulmro{
lhcrL('hcvaLo( !l'dl)

l"
lbqc d@sni oak$ n qkondy rc



lhen cooldi!.k b.nds roff bd*(n Edal ions rnd !ds- $n may NiE ih. brlncc
in ravor ofsolurioo Mdar nN re hydcted, c g lc4tlro)6f':

-1."(,

T

iI
'I]le nnrtg.d aron ii B]moni4 H N . has an unshcd par or €lsbns vhich ji

is $le to sharc virh an arom lhd n
ammonia n*c lne vlpou or ,hniiiun tuond€, vhih .ons;r of covalen!  lFl

ofthe lon€ pan oftfi{ niaogh arom inro the vak.c. shell ofrhe alumniun abm
$ shom beld I*e aho auslion l, chskpoini aHl

l

Th. syDbd + n usd for a coord

cdppd(Il) .hlorid. h blu. b soltr'io

olCucll: iois. coordimie bDnds rom bdv*r Cr io.s xid Ctr:' ions:

a: c l :  + cur ' iaq) *

.!url.r iaa lddft1Nl{]tr'
m{h$eigblc| .dois j i i (d lc

n ldde &e cJled .dnprer iiis



tr:_F-r-r_ t:

r4! s. boi{rg i 
^*d 

6600}r.N(co)i

4.7 INTERMOLECULAR FORCES

s qir b! {djxQd r, pand mearive.h,4A

solvem nDkflrs ts* |jguc42eIrhisimsdjoD i5lancd qrnrionr if rhe sotvenr
n{d{.r issred hidndm a r7.el



rnGkd'ors L{4 r ltbdren potlr m

rrEa nir b. I djroLu iD rhc mol{trlt

h i lnsped'r ]kr l fudimhAan.el

d is dkroncd, lid rh!(nn hr 6cvnn
which r diPde is irduced, is .3ted p

d$eJnglbollbl|orc6oldtacljoi$G|orc
ncrs wirh morf nas5 The shrp

herc *itlb. Do indudjor ordipre\ 3no no
d|h€mol.tlcsnovctDdoserogelhd.rtpuh$n

.+\

.+,



ArrrF6ofvan dcr wrak rorcs bdtr
wi'hloicchs''so'don\giviDsnl
{,onsn rhisisvhyinLhe$risoralkbc\ft 26.ltdhane,qHi. i!aEasrrnp,
h.xoq c6H'1.is a liquid, and odad(5q c,!Hl' r s sotid, Bfuch.d.chain
hydroarbons ae Dorc rol,rik (hrv€ love. boiliic bmps urct rhm
unbrdch.d.chin hydrocd.os Hydrccsl}n p.tyneis bM notsuls which e.

moreuks ofporyciheno, 1cH{HrJ, $, 7 r 0t qn aricr rhcftrlr\ b si€
s md sd up vdy nrone vm dd waals torc*.

Porycrheno n in qrady bueh fa6iat, whi.h is us.d for rh. mdNr4urc q

f t -bo.di ,  td.s 0.o"oe,3 Fu
* H- F. lftwo por& HF naL{al$ ae ctdd ooulh, rhft is s dreiio!
bdwm rh. posiriv. lid ofone note

sinc. rhe {furiod bawm rbe hydoc{
thm'n.ENlsionbdwidE!{ohydlo€m

itom, $ctr n fluonn., in mornd nd@le is .3r.d a hydrog.i bmd. Hrnrogm
bondbg holds r nMba ordoleules ofhydrosm nuonde rogerhq b liquid hldrosm
fluondc tc Figfc 4 321. A not.cuh or HF roms ! *m srcigcr hydFgen bo

rh.  on tF-.-H." . .  Fl

11trole{el 'o l  l , i r ,  \ , "" . "* ." , "" . .

roi5 ro Fr up ror.* ofrepulsioi sri re

+ of rhd of a .ov,rcnt bo

son. .!jircDe tor rhe onsdre or rtr! hydrogetr bonJ is shou io Fisures 4 t3 and

rse mmeouid ie nsh hilie. 
'h



Tdpditr. r€.i$! P.dod NMb(

!

E
c
q

ftUEGc',phofMeftjng
Tupdre agrjnd Psiod Nunbd

I '

_N Il---.
H ''".....,*?

N"-".H-N

H

wl).d lnl nolar nas6 of cabotlic eids r. foud f6fr mesu.m.d6 in the
mpor phs. dd foa soldiom in dsdic solv.ns, rh. vritr6 m oh.D uD !o
sice rhe vslu6 cdculdcd fFn rhe fom'ir.. Th. noleules m tnoud. b dih*ne
rtmd ih. fmarjon of hydtusm bdds ts Flg@ 4.361.



sDe ,nolecnre ts* Figrcs 4.3e to 4.42 aid QuiioD 5. cnqk.o;r 4r.t

dnh,,r nd {de Fe Fiswe 4.rt. H

i.H

ro rhe liquid $de, rhe Dol{,rl* of rlcohols r. rsociard by hidtusn bonding
cs{ bonds lhen rhe tittuid is v$trisd, b,t<ins
ichd rhb rhos of tun-nsociard liquids, e.g.

alkos, orcorpdrble dolr ns Amins irso ff. hy&ogcn bondod ii th{ riqujd

rorindely rhe rinh.dnt rngt. df 109.5.
rhe roic prn .dury thc dhtr apies of rh. 

'dnhedrcn 
Is Fisu. r.6. g I 

' 
rl

q?ier nol-lrcs I!€ Fisurc 1.rt. ro ie, tbe
ur rhc rcsuhnqr exrnds rhioughom lh. vhole

$odur I* Fiem 4 r31 Thc nruduE spa.es rh. froteuks furiher apsn rhrtr rhey
\ib lieh, n cxprnd! hys%,{d {hy ie r

dnBoDd IsFsuF6.11,!6 t
ad ar 0 .c dDhins {hy poods sd rd*

!6 rcachcs irs mdinum dosny d.1ic. As
it cools fonhq. lhe paEr ri ihe sudrc
bp of rhe siighrry wmtr wdft hril n ft*zes The hyE or ice oo he sunec
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-PSF-S-FSPS?

or the four ba6. /r],4 can Fln up sith dd.,,E by hydrosEn bondio€ and cfr^'ifu
an lom hydfrlFn bonds wirb !zani,?
con64 so thlr rhey an fom the bonds thd k*p rhe srmE hhd. riguft 4.42
shovs lh. d.Eih of rh. hydrcc.n bonding.



ECKPIXNT II IiII!RMOr!ftLAR FORC

3. sldd hrnrcstr boDdiig ii (a) Lq$d dhedL
(t) aqu.o6 d@d G) riquid dhsnoi. sid. (r) ,qrds
ditui r.id d G) Lquid snnod! HN b$y h$ios.n
h.n& ca b. rbmd by o!! od4d! or (t H,o. $d

@diolj6begrtDPdduElidnclli4'dFEurc
udlieftk|ilgdlsidsordclquidridsolidni$s?

, 'Hoqdoh,drcg4b@&@ltibde'o'ieirutuBor
idEowdowLqowthds@cbyd@ggbodn€i

uodgwaknkdie6!6, 'ndvhdsiwi fucb

i'whd!'!.olinthol..ukl.old3opd&.b
(4) ts8(O, (r) rrlG). G) ro(g) rd (d) sFo-,

_:ry--..* Ouasrotvs

'  
E\prrD 

'berdd 
d@rl d!r{e Poii, od.umptd

a Di$s e bdis jd ({) Nd. (r) Mra, o E!s,,

'3'Pullh.fo|lovi4sub*ieshdgoti@!j4
boiri4lftpqdlEs'3ivicrc*onsrdFq.hoiei

qq,os, ctsrcts,cs:cHrcHr,

@ h8r 
'h. 

hld1d bil lnr rqFB'@'

(r) ctsrcfiiN& ad crrrG?os

6 (a) Di.ds dc Ehriotr b.M phyder F.Fd;6 aod
rr ofbdddg idbd h th. bud sE for (i) xe, (ii) c!.

(r) D*db.dddpbd :r bpFE *h.n solid Nscti3

(o e2)



THE SHAPES
OF MOLECULES

5,I  THE AABANGEMENT IN SPACE OF COVALENT
BONDS

.ncr a molEula olbi.l oflo{ fla-gy. Ire boodiJ'e d*rms D6t hak oppos&'c
spiq r i@rnde *ih .hc Pauli Erclusio! PritrciDle l{ l.r.2l. The more b.

aloms approach in such a lay $d lherc n
rbiGls. x fonoes rhlr r.ov.redt b.nd lirlh!v.

aPrclmed dieetion 
^ 

r 
^^t 

na],.c
tu msrs baweo .he b.ds joining

n'ftmN!beareson{hybgyliu
adiroLnofdr.whileib(II).hbnde,sncl?,isIb€nrndcukwihadipolenom. .

. foui arads ii bdon(Ilr) .hbndq Bcl. @
itqmdomli.ssbowthree6plmJhydrced

The eiprmdion lics in th. dtn @c.; the rlomic

noh.ulrr eeondry n co{Ed in i 5.2



aspo$ible.Any]DcPa6o|cLcdrc
and ihey too rpcl d'c bondiig pl's or dEt.Dr and in0uence tb3 seondq of rhe

ms {a botrd agr. of 130') pub ihe t{o d(ron

the same pkne d m adeor ll0' r

Boron. in cn$ I of ihe periodic Trbh, hr
rce cov?ror botrds. casdNlii(rt lhrondo.

qbihh re$r$ {s€e ljsqe 5 2 I r hir {nneds' i4rii5d rr,r arsl{ hdvce rhe



o) cn. c rr

0d $rphr didtrdc Is* I,isu.5 rl

/"t.\ \r
,,'f".

, , I r

;":i ::\ ;

,,1,.
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c) ffsuc 7l iru'r6 rh. biMrcr d oc nolt c{h d

r)  M*3@prdrr(dssu6loulGvsb@k!!d

110 why 6 rri. {tus hs h retr qro 4d oftn

(!t Gi\ h! ,(sos ft rtu tror rddLi] ofrclr FEs
(,, u$ 65c QkN b qPhh srry p rd(as Pnh

(!) Ao iar Fs €npr! { !d@.



4.1

LIOUIDS

THE LIOUID STATE

]re liquid *aG bcrs for rcsdblr.c ro $e solid nre ihm ro the sNous nar

$m ofrhe ddtr or 10l;
cqtr;d b .oivdr I note or r littuid r
or El.ft dion, rr;,..,".,,,.

nd*ddlbr lpy0fnddng.! ' . j ' "4rbe



e only dtchrty ompftsibtc Th. disrmcc
bcr**r nokcuks in I tiqDtd is so!€med by i &rmc. bdqq fors o amrmd
b€rq=o Do..u \ 4d Ior$ or rp
t-d f  pF3.. l .  f tc t ' r .  of  i rE o TNkl  - ,  oth-k. .  bn E k.5 .  rcng
rhs r-c" i '  .or .d,  de 

'  
o , l f ts- 'ougr!hod,T iom

riqdid nors 
'o 

6r 
'l1e 

$aoe of 
'6 

.oirdi(

cr f . , .  ibte oa'  
'L i  

b. .du{ rh

bw Abough rh. dolc.ul* or a Lq
mN. f@ly frcn orc per or a liquid ro ho!h*: rcy drc resri.ted hy tbe atdriv.

!o anorhd rciod of lhe nquid: ir dne.

Siic. nolsul.s ot,iquid ffi in conlur modon. somc of dem vil lavc {nougn
mds' @ ercap. hon th.liquid itrb rh. vapour jaG. Gne &m rrp@ n rpiied
b a gas bero* tu qirical hp.crtrrc.) Tho$ rba.4.rr? pir b€;tcul6 *nn
.d.'g}cosidslb|J,bo\.I.8g...

n.  molau e r .  d md n, ,  t .  tquo { i , tb.  o toqf l
. hpmtue of rh. tiquid vi[ f,]1. sioce rh.

a{dm ofnolsuls srh hlch {ers/ inee$s as rje hp* trE nss, d. Ele of

Evryorarion sirr odlim. urit do liqdd ]maios. r rh. tiquid is in a ctosd
rh. vapou sac *it.olide vjrh d]. *atk of

dr. conhii.r, dd 3me wilt b. direr€d back b*,rds lhe ti@id. Son. or rn*e witl
e4s rh. tiq'rd, i.c. ood6*. Is.c Fisrc 3.2 I r4litibd,h yjtr b. r.&h.d wh.n
thr ntr .r *hich mleuls of liqlid *apohr is .qul to rhe i!r. ar whjch moleuhs



4.2 SATUFATED VAPOUFI PRESSURE

I

:



und n beomcs equal to rhosphtri
vrpolf lom io thc int or orth.liquid and $cecimo d'e ahosphere b(rusrh{
qpor prsue n high dotrg} b ptrsh rhc ljr $idc: ihe liquid b.ils. rr. ioilitrg
tdpentun ol a liquid is defiod as
prc$ure. rvp. is .qurl to the e&m.L pE*trq iodsrly ldm whilc a liquid h
boiljng. the hed hkd i. is us.d ro psducc noleules with doucb mdcy ro

veras. kinclic .nd!y or.hc noleules EDainirc
in ih. llquid do* no! incrtasq dd i
shovs how thc bojling rmpdarurc i
dsEass d pre$ufts le$ rhaD I atm. DiltilLari.d uidd rcdu*d pESUE Gordimd
.rhdrcuumdi:ri[ lor) h usd jr rhe puificarion ol subrancd whi.h d*onpo$
d rheir boiling r.mpdsiues. Th. apprds sboM ii Fleuie 3.5 odd be Nd By

osi ro r0ror lozNn_ron be obrand.

^ 
rm liquid cm be idenliied by ns b.i[nc rdpdrrure d ] ccdzun prcsm (normsly

1 rd) who r boiliig tmpsaiurc is mcasur€d, the 
'h€monet& 

rn{ n4$re thc
kmpqaur ofrhe vapour in cquillbndn *nh drc boilitre liqtrid lse Fu!re 3 5l I

b{ause snDerhc..hs (hcatng bovc tdc
bojling rdpqdurc) .m occur f r li

iq d .s bc Ncd to calculre ihe drs or &.
liquld rhri is pEidt in rhe vapos s

E..oere A l.000dnr v*sl.@tdns aild 1.01 r lo>Nm' dd 0'c. Afttr
1 0009 of wrer is idtoduced inro rhe vssd. 6e tdpnlrurc n rlh.{ to 90'C.
calctrlxlc rhc mas of P!&r rha( wiL
w era( e0'C h 6.99 x l01Nn I.
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I
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o) thc!!bo!ordt iqrd 0 
'h! 

5$bm

(a) de kmFdft oi6. Liqud

MOLAR MASS OETEBMINATION

mdhon grv* x \t!. rsnr rar 
'b!fDdhods 

. Nld ir uijlddioo 
'h

8.3



@

I ' toFfutcoddr'efr!ftE,
I=&oqed!fu$tqicPE$M

q.6jcd,r i  rd&"i  rm!rdNa I

fto6!$@inodgftehld&io6i4ufu

cr|ECKrO[{I sB: Motri MAts ot voLA]lLE LroUlDs

(r = 3.rr4r(_ihol '. l.b = r0r x t0"Nn ')
t. wh.r or3!3 d 3 rqqid w* hjdd hb a sr3 qYd$

liquid!3y4t!i4h!h..mpindimul'cHtrob'.n

1 Md 0.153 orr rqutd ws bj.dd in.o a F 8Fig.

'.suaT}ccEphd.omulroflhccobpouddia ra vhi vds ornol& ma3 dd 
'h. 

dpdim.r'rr dlo
rjw?wiLlhcrou*edud

'Aiquidoldpidg|fofr!]acl|zwvaPddFib

a.4 soLUTloNs oF Ll(lurDs rN LrourDs

&A1 RAOUIT'S LA\/\/

A soldioi ir ! homog.nous (i.q, ln. su. ,I drusD mnlue of No $brbcd
whd onc liquid dis$lve! in mother, 6e eora&n v.pou pGstrc ot rh. solution
d.p.nds otr the sdm.d v,p.u prcssucs or ln. conponent sd on ure composilion



s rh. conposirion ot a nii.uE of tiquids n b
4.e $. noL rncrior or each @dslirdr Bv derniiioi

Mol. trerid of A in a mirk or A md B =

Th. vapour abov. a mi urc ol 6quid3 A md I *ill @ilaid borh A dd B. Rroults
br (a&d FRsdq sd6 lbe &e s4uded vapour eHsur. of ech omFnor in
tb. nixtm is Eusi ro the produci oft. moh t&dd otlnd comMmr md re
satudlsd vapdur d.$r. oflhd.ompon.oi vheo pm. This cm ba dpre$.n

.ofA pi 
- slunted npN p,ssm ofpoe a,

ud :^o - nole frdioo ol A io Lhe solution. Sirilaly lor B

Raoultt La* ir obcy.d by mirture! ol sinilr cohpounds. Th.y e rnid b lom
d B lom m ider soruiion if rh. inl@red&

&c ,I equat Thc i! nei6s a votme
chog. nor d .nlhrlpy (ha) chms. on minog.

Tlc vapor.bav. a nitu oflaids d@s nd have rh. sme comporlod rs o.
liquid. r jAo) md reo m Llre role frutims of a and B in rhe vapour phs$,

f^ .  tg

Tn. vapour is dcbd thm dic liquid in

sue orb6z4eis 10.0 x L0rNn_:ibdihrr
of ndhylbeffeneis 4.00 x tf Nn :. E*im*in nolcfmdionof m.rhylbdde

quid nir.ue olb€ozeoe md nerhylbdz.d. d
30'c in {hich tne mole fracddn of mdhylbenz.d. is 0.60.

Anout ol mdbylbenzeoe in v]pour

= 94 = o.vt
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Figur 3.7 sl'o*s rhe Esuxs ot r ombs

?^ + ,! . whm ihe rdt,l vapou prcsure is q $. composnion df dt liqdd is tutrc$oied
bylhep.intl-,mdlhecomposiiio!
n can'n a .i-lii. Th. vap.ur is nlhr dh th. liqdd in lhe noE vohlle .odpoft ,
a nre dilt dc in composition bd

Hofposhion cuds at t\o ldp.Elucs. 4

rshesdmdpheicPrc$rc.thdliqoidboils'
?L n $? boilios rmptrriue of a Lq
vrDou or coDposition rj . 1 is ih. b
lomposron /:, iD cquilhriom {iln r

: ,

lc , ,



Ql nixruf. Thc sme shrE h oblained *h.i
bollirg rempddure is pl.red rgri6

rrrcriotr or A). A 6oih3 rmpddrH

n u$d ro rrud. ihe componenr ol a miiure
of li,tuids by defs .f rhe difitrence

, whde rhe rhnnomdd rgilds i6 boihns

rn rhk *iy, ce compod.ib rc disrilted ovd ar do!

'n'c pdicjpl$ odqlyiry amioml disdndioD re i Nrded ii Fisre 3.9. rmlgirt
ed unrit h b%ios io bo ar arnpcdu{,r.
$c Liquid has.omp.sni{r rL rtrhev$oun

cond.ds.d by m@rii8 rhe cotd sudee of a dnd|dion cotllm. ir .ondds io rom
aliquidofcompcitiotr],
dndLrdidDndsr lln js hed€d, n beEn
Ifthr v$otrr is conddsd. n rofr. ! liqoid or.o'iD.iioi /r. Br ftpeared vrdnsiion

f rhc vrpour is Dldc b rotlor rhe cun. r,rr!r,
b(omiis nchd fd nchq in A, rh. more vohlire compondr Thc liqdd i! beomr ng

, B, ad irs cofp.snio! folo*s de .Dn. riom



CONTINUOUS FRACTIONAL DISIILIATION

The oil ildusr-y u$ tucnomi disrin4iol. crudc peroleum o n wp.rnd dd
fcd imo a n!$irc fterionlriis colum', wbrch mry bc 10 !o 60m hish ad I ro 6m
in dim.b. D r{.nr fiadids, strch $ gastjoe ad kdosnc, s. d6s oit
co iitroully fof 1ne colum al dilt.mL ldelr, Figur. 3. I I shows hou tiquid bd
vrp.$ atrain quilibrium d eeh l4el, s rbrr lo* boilins r.npfdurc frachors c
rd rhc bp ol lie column and high bo



lde cHtctootNt scr vaFoun pnEssuREs oF sor.uTtoN

.d|qd@'Atz0.c.lh.gFupnsucd.:,x=25LPa:

(4) r nor or x sd 5nor or r d 20'c
o) 5nor oi x od ,nor of Y at :0 !c

(r) d. 60r fr&rioi or h<pr@e h 6. lsor rbd* u

(s.c .lso Gadq 26)

SolDlions which hav. a vapoDr p€se gra6 lnd thar pEdidcd rtr Rioulr\
kw *g said 6 lhow a peirtu deri,rio' fmm th. lrs. Tho& wiih a rlpuu! Fe$ue
Io*d $h ih. calolaEd vrlue e said b show a i.srdr de'i.dor Ise Fisurc s.12.1
T}?ical ola pai! olliqui& sbowiDg a slldr! positiv. d.viarion m h.xde ed
dhmol. Ilr noled.s d. rqr dirl.rnrj bd notolB or ctnmoj c.n nor. editv
6(19. rFm 4 miture ore$bol bd
bondins hordr iohds r.gerba. A slighi n.sniv. dfli.rjo. tiom Rrou's r_aw ir

fi xo!m.'nee. .Hct., sd drc:
d. ora;|e,|a,aib m*d, r., o sde.

elcrpitrg i.,o rhc v,pou re wheo3bri'ofkqu'or.\N.,\eq t&g.p.\i,e

A sys.m wid a v.ry rars. r.garive d.viatioi 
'hrys 

r ninimm Is Figu. 3.121.
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Boili4 rmpcarurModDosniotr.trn*
jbD Rmu|'s r]* m sboh i Fisure

a
e

g

$
j

!

q
E

g

A nixinum i r]]c sdurilcd yrpour prc$uE cune rcstrhs in a mininm in lnr

or rradional dis'irrr'ion Ig3 4.2t shows rhar, io Fisurc 3.1r(!). a riquid or.onFsirion
o aimo$ purc 

^ 
and a nixtof or.onFsirion

M. A rjqdd ofcoftposirion .: can h. spanied by disiinadon itrto rtno$ pun B lDd

boiljog temptr ue, Ib, do oor chbs. as dtuiflerion is.o(!inued. Th. ni{@ is

add/uad (7r n a maimum) md bflz$4dhmot (rb; a mjnimon) 
^4drcpes3. lhcn cmposnions v.ry wirh prasuic.

4.5 IMMISCIBLE LIqUIDS

rD I sysen or imi$ibte riquids, qch tittuid d.ns jt oM vapor prr$rc.
iod.pend enily or rhc odc Ite sarurd'n vapour prsurc or rhe n; u,! 

^ 
q ua (



^. 
7i. Pi + 2ii = P",k-"]

rhs B the ks^ tI phenylamine rd *dq rlris mirrre disrih d e3 c ar rdo

dvhr4c o. ieam dill dion n $r o{)lmm

I

r

!

Th. nio of rhe amounb of rhe r$o iiqdds in rhe disrildu i\ qsl b $e rario of
rc$us orph.irlotne

rd wd{ (rhe.epA 
- reex 10rN . rie3.c) sdn^.

!$. dr rh d.trds of phoyhmine

(!bsc r: = srgnot i xnd r.. = ugmot i)

' ' ^  = , r  1r  ,  ro . ,9r i rs

bi fiss of phcdyLm]i. n l ] 5-"';



.:: -r1:**sl**g*s cHEcxpor T 3D:

i, r i,!o d04sdo@i. riqu:d I roos dur,. i|ihd

ST€AMD|sTltLAI|ox

E

F'hlgbymssd.doEb{.€i. j iscdLdnrd

wnd a 3o1ub is add.d ro ! pln ofimmi.cibk tiquids, ii nay dhsolve n Dou
liqdds. rn $n c$e .he solur wj! dind,ute nsr b€MM rhe iwo sotv.n$. rr may

o the o.hd. rlj. v,y h whicn a euE r
pMition.d bd{(n rvo sotv.dr cu b. sudrcd br rbzLns rb. $ttr& vj.h a p3i or

insLffi.ienr sotuie b sdun ei$B of ln. rwo
solvdhi $d provid.d rhar $c sotule n b $c shc rol.cde ne ii boih solv.ns.
thm i! iB fourd rhd rn. r.!io of drc aolule ooceoradons in lhe iqo sorehb s

e conc.nrriions io rh. upF and ro*tr t,yd3,

The con*mr. *, n calcd .he p.rdrton coetr.ilD. oI dldrjro.ion coemde,q md n
coindr for a pdicubr rdpmtorc

8.6 DISTFIBUTION OF A SOLUTE BETWEEN TWO
SOLVENTS

4.6.I THE DISTAIBUTION IAl/v



iodii. disribucs nserf b4vcd $ri
iodin. (abcur ld h add.d 10 knowi vdlumes or *ftr md rdfuhLtumdhaoe Gay
l0 cD' or ea!h) jo r $pmting lunr

s ruo our of lbc b.rom .f lbe sprarng fumd
and a ponior of rbe aquous layd is .ikdcd aeii* $mderd tbiosulphft stution
0r r5. t l

r.quif 1.40cdr or0.0r00frordn r ihiosutphxr.. /.(r) = 12?

- 4.40 x l0 rnol $iosutphdc

lr, in rqw s hydl = 1x4.40 x 
'0 

1c5.0 ! r0 )

I!in @l/ll:io cclil = 0.0112/0
Th. pdiLjon codnciml hdw*n va

E&oxy.'nec Gdd) qriction n oftm usd ii orssic prcpmrions. Erhoxydhmc
is r sood solv.ot for nmJ o'smic c

hd{.o h dhorydbaoe in a sepsdins ftrniEl,
thc pndud sin disriboc nsf b.rw&n lhe so lryds. r rhe pdidon coer[cian n
high,al{leaeiio!o|pmdud*in

rh. e.hd jn podons for rpc&d er
b|'ovngoburdioninNBes'hiseo,d

n qilh.sn, 5 009 of x, is obriidln in soluron
a* ot x thd .d be €rrncbd fion lnc

4tr.ous solutioi by (,) 50 0cn3 or eihoxy.rhne md (r) rwo str.cslle F!r!!! q

tx i! dherl/lx iis c.t = 400

nd 2i 0 cmr of dho



4i2r0 =400

i'r.5og 
"r\ -" 

*r-,"d b) dh-,

g .,t.uldcd n' lhc Das of x €xraded by

] .Aabdxiard, '=@ognd.nF${ l ra
k) 50cn' d br&dqondhaic

4.7 PARTITIONCHROMATOGRAPHY

r b\bEn $sn hN qimple n!3 62xnd in au*'ion 3,chskpoft3E,drar
raeftd err{tohs with orsrnic solvenb arc .nEriv. ii rcnovin! a q,ns Qbr.

cu bc aDriqr to ihc s{adion of a n
rhe solures difier id rher sohbirny in a s-oid solve .

bdwsn . sbrionry tir$ rnd a nobile
I (on.i *ftr) 

'dsrbed 
(tr.nded ro 

'he 
surfac0

rh d dsorh.nr (cc..3lmida. lirica. larch.
Faeesiun sihcac) The sohd adso.

tsN Fture 3.16lA $ldioi or lhe n

c. |md.ni jL|ovldbhckkdor ' rhstrch



h rhe $lurs r1!cLdoqn rhe cotuni d{rd
e ec smdmdl dillddr rlo. provided rb.

bcrcol€rcdbydsslviigt}mse

burdEadsorhc i\! rhrn fimo1 rd

rh,tl[!D{1diD;h\ot\rtrlinrtEbonomotlhetanrt\(Fjsurc3 r?t l].solve
.,ry be wd, dhrBr. g rci.t {hrnoj

rion!ry phar Tho*nQdor nnopped ylfi

D idedirrins rhe.onl)onsl5 orr n;rurc The
ed by otutrgrtt pQq jnb nrips md dnlrLvi4



.atd,ve s thnqh Tld. j3. dil[.Mr dcis! olchronabcraphy tank, wirh arough a! &. lop orlhc
dsFr- tokroholdiherclw rnepapfr hmesdovnriomrhistough,

ibrougb rhe papu. TL tro tclDiqns e odu|]ly desribed 6 r*oiing ad
ds.ddhs !a0s.hnmio€E!|iy.

A.7.4 THIN LAYER CHROMATOGRAPHY

I'h lay. ol u,tvtb,n1 The solid rdsorbdt nay 6e in the rom ol a *, /opr d 6c 3ud4c or ! d6r
eud dt b. updlat pla@. rh. rdsorbdt (.e., si[s scl d o].itrd sulphrG) is n d. jnta a &j.k pN.

rhnndoEnth) sd sprcrll q.tr! ovq a 8la$ plab. TL lhin lay{ of pa*e is alloq€d ro dry md
brkcd h e ovd. Spoh of rh. niirw d. aoplicd .nd a chomalocim i. d4.lop.d
id &e sm. mmnq os for paptr chrondo€raphy. IsR Fism 3.13.1rhiJ' hytr
chomiolEphy h$ !h..dvuiase!ha!av ety oldifqmt dsrbat car be $ed
sin.c $. lhin lqe is mtro @mp@r lhan paps, mon .quilibrutions ukc pl@

ichiw€d i' a fev.mrindec Dd oa&d micosope slid* rc r!€quenlLy u$d ft'



. - ,  r  m'- . . , , .Rof ra ' . ,  d o

rss solubre in rljc riquid phse rhD or

i (  |r .

r  crhGdrd-p! i ,h

Ion qohinge n r tylg df pdirioi or ionjc .ompooods. f.ic ion excnrrye r6,i \ n

cxboN (or miod, and Epta.ethd q,iih ortu crions (oaniort.nr! w4{ s{ener
Ps,ui  io r3f , , , ,D,,

gdd ions hd iydroxid. ions. A.ombirarioi or

.odrin s'tphod. xcid Foups. sor,H . and riioi qchdse( dnen cod[j!
N(cHr)jOs . r*&r pa$c! Nsrry

' l 'Ngl 'deionnc| 'equ|bn' '

sor Ha(rc\ jn)+Na laq) = so.  N3.(8iD) |  H, i !q)

omporcnr ti .he.quitbnsr (Ila14) rnd

u,o ,  n io. .  r I
ni$d. !ar. or hjeh tuntr cm b. q44uLu.



r. Nj,i. Nid trr = 37"c) lnd ydo 6m a coisrd
bor4 niiure, ofr, . tr2'c ad sDpoiFi 6L 6y

ld Da\ & boiie rnpsrn{onp4lioD tua. ior

p) shi eh! i n{d rr s.oinMr 6ri4 Bnrre.
() skrc Riod.s Llw D€! si niiuf sl 'N, pNiir

(d) whr hGudioi b4w(i iidc ldd ard wds coid

k) wtu' hspprr5 eh{n , m;rurc lodri4 r0r,, by

,'E{hiihc.IhciPh!ud$]yii8!*ndndnb!Fq

l , j { l rysoh.. l r l iqtr jds!@Etsbdo{ i lb i !3

rqr ids wi6 rq6 (ir mnpqibn fld (r ) rnrfdu.

drod * !0K.rh! yaplw prc$u$tND rndih

lLd $ h$o! (r!, = 69 .c) rtrd hLplor (., = e3 5 .c)

(1; . a .cr id vrq Drv bonh3

r0 D6rc 
'hc 

r!@ pt,i/i !?qldl A {npoNd z ha5

n. 
^ 

hd ss syors vs 4cd ytrh a \nar qun'ily oi!
|jquidxdrcqhrgrljgh|!dl'xhsandah|omuh
{h!hnayeqi6hld*c"H}o.wL@4,,&dq!E

vlsdrquidxntccd =0rg
vdugorvalouFdued=u,]@i

A lund €nd. d x lrs.mphry b!@d i o43{

(, rhLdrn!nd{dem^sofx
(it se Durhefd nd6orli{prcdud hr rru 

'i,u 
oDu

nii) 6e DUD6ei or nd6 d cxbo! dDnde orod!.i bt

(r) wn'!I Mhoed{dioirorLhicoEbsdotrdxaod

lo&c 92, As)

u. (() skrL R!od.\ uv s rldrd ro nirLr5 ofd$ibh

(' rqu rq d\ r fJ B i!{ \.iFr116.for. rJpo

(D Doy tury lbrLd grophs, oo 6c s@ d6,shovh3

! ) Drre ! runy alErhd .lnFrrle{onFrFo dixsnD

nAr i0 c.rh! $oou Drs$E !n'qi& n ! 0 d! ud

(r) (i) sbb d. bs soEo4 1tu dnlnbdpn orx solri x
bdlGn rso rmno& &rrdi r ui o.
1ii) 3, aro n:bn ofthi hP. nbw 6r, I oNbd(d By mi$ dr srph, irr rrc 

' lhpturc 
r whih a

nnfuldoh{! ] !oh!ed\r4bo*d

t) cnohr 6! Frcok8! d pruLiannL i $c dfrrd!
ltt = L



(iir) rhc sbbiq d @b@ d6{dc u {!br d x rr i

(o q)

ni) cydohrd! (6 r 8r .c) aid dhrd (b p ?8 j c)

( ) sipbr lhr 
'hc 

D^h€ h (4)(n nbo{ n dsli&d n
ns.y L&d Nd 6d r (4)l D a6or n d

(.) Erphtr hop son. rquiJ dir$ vbch $ov ! psin

1@dtuoo4riuc YorepiaoaronlhoidDdldc!boL.

(.r) 
^ 

n;1u,1 d hchbrcndhr@ aDd dhr dhidk n

t) Arn bok dlsnes $Ec ofrhe [od s4$ d rrr

(t h {hr circuo{aies n !.@ diilrh'd ! sdd ndrod

(i) Bncfly qr dn 6e r,n \rw, ('(dbn My ie

(emoldl(Noqu ni! ft 'mr n eqdd)

r i.r ,rdrLodhucarl r )Dirhddlmrd b! dE

(.t li) why !A rii.t souqd idrc rd!
(D vhy eas rhe hrrrc rbaLs!
(uD whr inay e ddlqd vbtr so rlessjr rj1ctur

(rw) wtor hdi.dor E4 be u*d i rhe (nrion ondim

(w) wDb a Mr?id qladotr fo! rhe lo4ioi oridDc {ih

(i) cqDpbr rhc drrd .oruni h rhr
(ir) cdnno'on ft r" Es.hirDd

( Lt tu rotro rj i/: sas obhiid fdr

(i) wdtr! ehNd quro! tu tu rdtoi ci dbrir

(u) whr doA ih! qqiDrc hys honc co ouall
(I0 susn ![y Iirr/lnou orr.r \sa1
(rr D:sr |ti $rLDlDdio16161brcmid.i.N



soruTtoNs
SOLUTIONS OF SOLIDS IN LIOUIDS

A soluriod $d contains as frh solur 
's 

ran be dissol!!.d !r 6d elF{uuE jn
the prcsoce ofundis$lv{d solute is .

md solure .oindlly beirs dcp6ned. Tb. quoriiy or etrd rbar trissorvs r I
cenain quatriiy ofritttrid rd fon x s

sortrc/(mol solut + mol solv€rt. Inc solubihy or r $lub can be found by
(a)rh n&ic lnrysis, (b) ev.ponh
wcishi.s rhe solur. r,{a! leman\ hd (c) othn pbyrjcal rch qB
FistrE 9 I shows a solrtnity .urq a Eaph of sotuhiliry asiinn rmp* uE.

of rhe soltrtion @in derc$ca. A. rh. rnpddurc fa[s, fi. cotr(rrarion folo{s
ihe nN of sotd h{ crn Emin ii soturior
rysahed bd{eo /: fdrr k \z: -,iL,s ^soLurioi w. codrining 4 g of solulc tn I ks or sorsr at ,i, can bd coohd fro.r ,r

!l

9.!

!

;



9.2 REC'TYSTALLISATION

dd flak tse Fis!rc erlrDsdbr
of rhe :oru& -rh. r'lrd.d son'ton r

sh€d. dd dned. The putuy or a so
tse .r 3a r. r and FEuE ra 3 I

r- 
^ 

$takd srulo, d ca s o.(aq) h6 snc !dd$oN.d
ciso,G) rlhg d se bdrn d rhc (dars a rnk
cijlso".nnedn[hscqdnlNldcnLso:T[idoF

caso.hd ed 6e udnrcbd casoiG) trc 6!nd ld

kk.Fclso!8s' t rcdbchc91u4'd

9.3 'LOWERING OF THE VAPOUR PFESSURE OF A
SOLVENT BY A SOLUTE

. Reur'\li*ts3 4.Und$

*hde ra = m,,L{ tadioi sd,.l = $,umrd val)dr

sjrc!aisairrcr io i .p<p:,

inrerr'ire. j!.r,i il oeLisibLc.



FU prsurq z'l r, is eqDr h me md.

9.4 OSMOTIC PRESSURE

A enipern.lbre m.nbnn. n r filn

carhn dndn Franpres or senipm

copDs(rr) sarls and pohsium bdacyanoferar(rr) rcac' ii rh{ 8r$ or a porous
bnic of copperlrD h.xacymofdxrur),

t  p =, t

Nolcc rhd rhc rclarive lowtridg or r

onh.ridsqUccallede/ri3dl€pla,4li l

otudc. r = rmpenrur/K.n = anounrof
lndr/mo| and n = a conrnl {h

wn 1 Hotr eqmlod, n ob.rd by d4t sturios

epaated by a smip.ft.lble nenbmq irr
rrcssh rhilh mun b. aprtied ro rhc soturion ro prwflr rhc solvd rom mrtring
is cdled the 6mori. prusu'e ol rhe s

cd. o.cDpi* a volmc of224dm, at 0.c sd
1.01x r0!Nn r  onc noh ot  a di



io3ivelheoo|rnas*orsohies.

o

osmoiic pE$rc nssdnn.nd eie usu tu sub{rnes of bloLoFoL iDcrn Th{e

Mas sp.ftifrdry t$ I 3 rl is ,he md,

9-'.2 OSMOSIS AND PLANI CEILS

rhe phsm remblde in a plad cl



cell 6 p acql in soltrriors ordir*m (

ane *ay Any $r'nm *rrch f iiied i'b

9.5 COLLOTDS



-Ti

c|mlgedmLlDiddpxnjc]c5nigrdeL

Lig rhe chirge otr rhc parrid$. ono by rlre

otr r|t day pxnicles m i.rr,rncd br

ooo

'&



I
LydropMic irr\. elhr is Mr*)
.orqt n qda). TlbL 9. r lis

CoUotu re cl6sm.d $ trttllh Gotvmt-toviis;
@d lyorrobh Golvdrfe&bg ! nydrrhobic irrho

OUESIION6 OI{ CI PTER 9

osue ri. &rlbiriry of rhc or.did! !d4 dno.dioi,
dd,2-qrs.(c!,E)2 2H'o,hmd 4ft dhpe@,

emFfu?wbydo*d!!.PrupE:$.ofslquid

|olfudi4fuiohrlrlsof9olffi$'hDohre

fulsamliodroilidlicrol&nuslhnbftq

4_ 6l CiE 
'!. 

IljJG d d. fmuh or e npahc lm

(d) aiE.@ircErdrddebuFt'ffidd
in G) and !@ ah.t n@dt6 ld it ldbhh ff rh. uE

G) rn Kori. p4e of sddim drdifEEr

mo!fr']n.dd6angibbda.

Ar d* cotrHhr;@j tte qnolic pKDq 
', 

i' dri by

gu orb'| ?n de bFE@ (h K) d r b dc ed

U9lh.'b@dab'ld33n'hidf.nDdbd*dE.|!

Fos nist tom @d 3pny cd

Oil in wei onk, m}!Duj$

sone ga8, cg., btrc* didd4



10
THERMOGHEMISTRY

' I0.1 ENERGY

An objed Fhrh n .xprbl. or doirs work n raLd io

obj.d, thc obicd noss. bd. 
'[cn 

cis rrappensj rhe rorc. is srid 1o be doing
hc produd or rhe rorce and rh. dkrlnrc yliicb

rhc dbjs' m.re\ ii the dnrdoD ofrhe for.l

(]!ben I re{o dds on a nsr {,. rrs. n dNs
oi df rnr I ) rhe un of mrk is rre jotrh

(rlDrc = r tr{llon ndq i c, IJ = 1Nn.) Eidgr dd s.r[ re m4vd m rc

o rhe ene4) .dnled ot ihe food ve ed. Thc

'r thctr .$o|$i | igh' i lbss6:

6CO:c) + 6H?o(t) 4.i 
,, , c.H :oi (!q) + rio:is)

T|'c o,sgt !r, id, d obj!! '  /^,$5
I dhicd Ps$!s is rh. umrd lf,qk $d ir

drcr' a' obj.d los.** r,!aur! I
.L].iggy xt, 6 ] lnrn o|ksc|i! ujogy: n (



'n'e strdr ofrhe etr{gl- cheg( rhar
6f th8isdgi . \ jDrhe$'dyofbe!sgins,

tn!r$ raD be conven.d rron' onc tor
ved rhc ddqs of rhc $emi.d bonds in rood

Crlculariotrr on ore|ey .onvosioos s

uqp an be .hdv?.tlhD auJuh

wh.n u ,tEL rcceiss hst. ils Gn

^r 
34.

^7 
= frD Gmenhrt. 

^A 
ild rbsorbcdaDd r = hmrclfr.irr roulrn $e

Lr l

Fl

combrmg.qurions ltt md pt siEs

Frcm eqMrio, t3t. $e ns in rmFEr!re 
'hd 

iL'r

10.2 INTERNAL ENERGY AND ENTHALPY

MdG q,nrains .oergy. This js in rh
The kjneii. ci(gy ot Dard is r& e

bralins xDd rolding dd fannding (folins
ro,n onc pkce 10 rnorher. The poi.Drisl6qry ofmrrs tuises rmn lbe posrions

Bond bre,tiis dd botrd mrking idvolvc
o sorids Fxd, as ttrrtr rcadim

cdr+rrc)-cxrrG)
hr rnere c a bie chmgc in Fncnrirr emcj

as rhc boidlds jn rhc produd is diferenr fiof lnl bond;s in rhe rcdriN The
os{$er malc up rh. lnkrut cn4r or hdl{

dical rcacrionj hc,r n lnis giH our or kro
n ron tbc sunoundiogs. Thc heai rb
..scyofrh. Foducb minB rtr iDr

ufou in,!s ts. Ftgur r0 r1



cdrpxriig cqmriontrtsd tbtshdrs 
'M' 'hedu4! 

r.1\utrrl! 4rLb rhc

/ ' ' " "  " l  = l , ' " "  "  )+/$o,!ertm\
\srh r tu /  \ tuFr4na/ \ -mo!nJinr\  /

Ib l

NH!Norln,  N:oigr+zH.OLg)



I "1

of \trbsaD!$ i! rhc; rfdld drtes Thc nrDdrd nd€ ota subfttr.c js ll ir !rr{
subisce in 3 sp-1r'ed $d. (5oLid.ljquid orga) r ldmorphhp$\urc

G.1.d or 
'rrc 

rcrc'ads rod producc, rhc ntu$u* ofsNous rcacdnr rnd rmdudl

d by 
'hc 

qmbor, r/rt. memiie rhd leded

hcd ab$rb.d { ..n{a4 p.c$ue md 
^16 

.eGr .o halr ab$rben u,oq suquo

sonc srid*d drhaL changes xrc

^r:. 
i5 rhe hed ab$$ed *hci 

' 
mote of i subnrncc is rom.d rbE n\ ocmLns

ji rheir $andrd n&r F.r €rmplc, rhc latrdrd cdh.lDy o
.hro.idc B calcul&d ror rh. redon
morccul6. Ni(, and cLG). I' fonows rbn lhis d€lionion rhri all eh'ncms in rhdr
lsdsd ntus se ssign.d 3 value o

r attg nrq be nesdive {as for sodior .hbnde)
or positilc (d fd c'hJ,nc)

sb.dld dhrhy of coDbu{iotr, 
^rF. 

js 
'h, 

rrcd absrbed whd 1 mole of ,
sbld.chof ip lddybumcdj id
$crr arexdioi, 

^rp 
n be oegdrvc

shid'd d'ide] or rtrirdn. 
^rFj 

h 
'hc 

hcd !h\o|b.d il a rcachon ar lrn



10.3 EXPERIMENTAL METHODS FOR FINDING THE
STANDARD ENTHALPY OF REACTION

4H:odi - 3Fe(si r Fero,^) -.1rr2G)

ik'jdn ofldF ironr oxonun (hyd.ogen) rcis

rlro Gq) r oH laq) - 2H:o(l)

ronr{er and 6 coftna l$e Figurc 10tl
r h.d dEdss i\ lilcd a cinrinds. afid $e

ord unir olhed. 
'tu 

calork lrcn;o = LrsJ).

M...!r.n.nr. (4) rhe be ca

ti'prduensnnotd (r) A neut



k) whcn t00e of wxrcr ar !r4 0.c rv
r 175 C.Lbcbnpqalurerose10!05.c (rr 250cnr dr$dim hdroxide
(0.4mDoidn r) wsc rddcd ro?s0cmr ofhydolhLofo r.id (0.,100iotdr )m
the c.ronmd{ The rnpdarurc orr

.ion) Th! as$Dphon tr ,nadc rhd rh. spslfi.

ad ndkd af iyrd by cato ndtr

0.100 x 41301e4.0 30.t = c(305 t?.t

cjv€d by citodndd + lorubons
IE

= e0120.r  r?5) + (0r00:.1130(20.1_ 17.t)

Hed c!.Lved pq molc = i6?0/0.100 = 56?00Jmot l

'fte nmded drharDy of n.uretisar

Fwrcl0'45howsrsimplcfiethodlo



ADoud.fd]ual lbmd=r$/46=0'03xnoL

\oi \  r  Lrrcr ld4/ i  lc1. f ! )  $L:uu!

?. A edki 
-iuh 

rsddhrd tr^,ii k,h4d) Ls

'ns$dl IeNL(Yo[$d' l lbcJlrJmnloleasc,)c r!uc d^ta riLdr yo! h* b*! ev{ s
du{ir apprusi!'! wM.*ucr.,-iDdd be rd

fi)ai\ 
^rre 

.t pdtun NHjG) r Hcltl r NHlcr(s)

' 
16) I er.3) ( 3rt

j r5=( r5i  (  16+( 123))

IO.4 STANDARD ENTHALPY CHANGE FOR A
CHEMICAL REAGTION

rnqrI c \rhr n6s dirrd ss 1!rsm) 0s'

ro ir.( s Li) Gtsdffc icl qPaq\ dNr( =
1r3J3 'K 

] ,^r : ) (cH.)  = sound )



' !
Lreqth.Lpy c 

'h. 
spe. {hilliwureue n folLovei.

ner rcu€ | tr rri rr. nirfd mlbiDr

! Ifdr sun (!rri + iTri) !r.c res 
'hd ^rir. 

i' \Nrd bclAsih e b rtmrc dqe\

!/l' = 
^ri 

+ 
^r:

rpr.h4e ro lt rcxdri D: n n 
^rj

lc(sr + H:(g): qH?el

qni4h 
'hqr.idc. 

ri F[wc r06

!\7



o crrbotr md htdrDslD bum o rn.o crbor

^zi 
= 

^r; 
+ r,i

^rli 
= ?(rr3 Dr.ombu{j{D orc) r (dr: or.o'nbr{ioi df !.)

dr; r/13 or ombN'ioi ofc,H)

c(sl + or(o -co:(g)! ^ri= 
-tr4k'mol

H?(g) + lor(g) , Hioo):

crH:(g) + 2lor(s) - 2co:G) + llo(l)rrti = lrookrmol l

^rir 
= rr: 

^rPgius rrP = ,( rq4) + { ?36) ( ll00) = +226krfur l

dhyne Erhyne is dscnbed aJ rn endorb*nrt cmpud 6ine 
^rf 

rs post'rrc

I '1
tb1

a ,hotc Nko,t ol
trrd1d,,4iHi ftjawrlc5 Lhc n{\

r. utrdds.h sp*s, {rfu i/i Youcm k€ fton.qDlio tlt@d trrl'hd

crH:e) + 2lozG) r 2cozc). H:o(t)i^ri = 1r00klmd

i,eg(crHr) 0 2( re4) 1-ri/

^r |  
= rr00 ,(  3e4)+( 2!6) 

^r i (c:H:)dri(c,H:) = rx6krmor L
'$o {aDd @rhilDy of nmdnn o



r

!l

cH,:cnr@ + H,oo) + c:HroHll)
\+52) ( ,236) (-2?3)

w;nen ba.xrh s.h sp{iesndevalucorll'Fin tJnol I no sLidrrd qrhrtpy

ArF = ,?! o, ,36)
= - 44kJnol_r.

Thc rcddioi n qolhdic byllkjrol r.ln shoft

a/rF..- 
- t Arr P._.,." or prdud\ |dp;,-i@of'dcL r

ro, A dilldur mdhod of findins lnc $ddard
drh,rpy ofrediotr,l.H;', is ilruhtn hy lhe physicst chmse fsn on.3nor.p.

SnG, rhi,e, - sn(s, gry)! 
^,YP 

= ?

Tle be* say offiDdins ArlF fo he cbose is to ncsr de dudad mrhdpy or
shdm in rhe enrh,lpy di.srarl Fige 10.?

^r3(wlljro 
= ani + 

^r8cFy)
^rF 

= -53r.0 (-533.5)

-  +2.5kjnot- l

rhe ndbod of.,rdrarion in.htu *mpL is sinply

. - , ::r-ffi cHactootm 10s:

r. s6e ft iu! d rhc nsinld .n'hsroy .b!ie jn rh.

k) s. amburim or soniun ii chro.i.

ITTIIAL}Y CHANGTS

(c) r ndrH:(d + lnotozc) .r 2r.c aid rab
(r) rmolH,oc) n ro'c ad 1dn
(c) r nd4oo ar :5.c 

'dd 
rin

(r') t iorq:oG) d 0'c and l ah
( . )  ImlHroOd0'ced l1h
{/) rDdHioo 4 r00.c sd rii



1O.5 STANDARD BOND DISSOCIATION ENIHALPY

Hcllt - H(g) cltl.

10.6 AVERAGE STANDARD BOND I  N THALPY

abm noF a Cll tudi.do.no'nc

cH!(s) :  c1d + 4H(g)rrre = + r661uFd

eequxlL) bdv{{D rhcf.urbondJav$.n a!€nge

nJ'daldbondorhl lprsgjqody.

c(t  7r3uNd , ,0d 
tH:Gt = l



Thisis 'hestrgygiqd'yh$'hcdomsonbi ic:

zc(d + 6H(g) - ciH6(Oi,\ro = z3l,tkrnor
Trre nsdnd . hatpy or nyEdion of c(c) trom c(s) is I r 3 rJ mot
the nandad. hrrpl orfo.n ior orHG) ftom jtsrG) n ,tskjnor i

?cG) - 6H(g)-c:lt6(s)i
2(7t3) 61213) 

^rFdt- = itilprodd) 
^rP(rucb 

t
,3e = dri 1713) (r'3)

a/'P = 
'00k'morIne $mdtrd 6rh,rDyofron ioi o

(cHLr 'c:u srr  HcNtg -  (cH !r  c

ncm imdtrd boid s'halpictkrnd L d.c-o.74:ric H,4rr,



D$ocilrion of cbrodn. nolsulcs

are - smdard edhrlpy of subtimalioi
or vaporisdion otsodiM I1l

ArP , smd"rd idrkation eDindpy
t2 l

10.7 ITHE BORN.HABER CYCLE

Th. Bom-H$u cycle is a rchnique fd applyiog Hc$\ Law to rh. isdtrd dlhatDy
cbsgs which occff shei d idic conpohd k romcd. rrjnt ot iE , eaquo

sodiun .htoridc The rmrion cn b. considded

_o . tu r) d.r, or ! e lo[o![g s

Ionisation or shldine ,rms
cr(c) +. r cl-@; arg. d.do, afrDny orchbtuc
Rcerion b4!en ids
N."(s) + o G)4NrcIG): 

^tF= 
nddsrd laric. d.h py

'fte nedrd mrhrrpy chsgcs.e be d.tu.d d folros:

i^}rg - 4 lhdud bod dhscidid
eoihsipy ofchbnnc frolsur.s I3l

l4l

I5 l

I I I ftc s@ddd 6 rholpy or sublln dion or vrpdierion n rh. .ddatpy absod.d
whd I norc of sodiun dof. i3 vrpori:.n.

[2] The :hd3rd .Drhalpy of ionilarioo or sodiu n ft. edln.tpy rcqq&u a Iaovc
I molc or cl(ro6 ftum l nole or g.lous sodim arons

lrl Thc rmdard bond dissociariu odrtpy ofchtorine is rh. enrhr,py rcqulB o
dis@iab r mol. ofchrodi.ioleutes imd arons.



Ia 1 In. e|ebn afinny of chiori'. is &e .odulpy $sorbcd whei I more or chjorine
eoh..hlorido ions. ii has s n.s{iee vatE,

shNins rhat this rediotr is cbdtric.

t5l lhe sbdard hiie mrh,rpy i lne enrh3tpy $sorbcd wh.n r mole of sodim
ons! ir. vatue h n€sdive. (ft. lbdrd bdce

dis$ciario eorhalpy is rhe cmhalpy absorb€d *hed liotc dfsodim chltrjdc is
$p$d.d imo i6 s6.ous ids; jt brs r p6niw viluc )
rlE sbndard sth,lpy cblns6 in sbps llt !o I5l .r. rt?rcsfted in F gDe 10.3.
T]le d.ps in a Bon-Habcr cld. !F repMrd as eoi'g urwar<ts ifdEy daoro
e,ers and downwaftrs if.hoy siE out .idsy.

ap9iyins Hc$t Lau ro rhis cycle, ir rollo$ dj.l rh. sum ofth. sandrd enilatpy
rms Il I b pl h .qu.l b rb. dirfdca in shd'd olhalpy bdwM rh. ptuludj
sditrm chloridq md L\e ft&leb, sold sodiu md g3sotrs chrorine rorur6,
rhst is rh. standard drh.lpy of rhrnon or $dttrd chtdide. rnsdrins nuqicst

^H? - ^H! 
+:^E? + 

^87 
+ 

^H? 
+ 

^H?
- + t09 + 121+494_ 330

ndad .drnJpi* orfomarion rbu to nc6uE
some of &. o.h6 n.ps Tn? ddon afiniry is rhe Mrdcs rn !o heasure
*p.nnflbny: Born Habd.ycls e. ofts u..d ro ..lcuh1e cleM ,minies.

The Born-Habq cyde lor n,str6ium oxidc is showi in Figure 10.9.

Yd *jI be $r. b idmrjry an:, 
^ri, 

ari dd 
^nl 

by snpmsn wiih rb.
s.diuE chbnde cycle. h rhe c6c of oxygeq dri is rn ddorhsnic rm. Th.
rcmn h rhd, ddlotrsb dcgy n civ.d olr in rte prccas

irl

p l

3 l

ai

F]

I



nrns^r ierddhsoa

m r.m{r fe or{n{ :. cljskl.jnr 10ct

1O,A TNTHALPY CHANGES INVOLVED WHEN
IONIC COMPOUNDS DISSOLVE

tsl,- on s! d r.rcN! r{n!L^ $c !a$ d (dr n! G

rral/8,.",i.,, i5 icsdm. dnsobriti i5 fa!!rd
rrii.,,,",,". n psirile, dn$L,ion nar nirolur
ry otrop) .oisdnxtnb l\ t 0 et

5 p.\qnL iiusrrons tr.! posibh bdr€e0
se pohf DdcldLs trd $lurL fts T



dhanqrtL),dhmor{|), ahaor dd0)

cHrcqs{L) + qH3oso : cqrco.qHr0) . Irio0)
a. tu.s b !3,r m,. ro vb' do 1ie anbo's 

^rl 
r!

rri ruql s}' n 6e siFi64nrc d e rrcv poiims

.r i  = r in,dr i_= +213.^r l  +n30.

.ri = +r15, sd dri = $0.ord{.^r:.the
{Mdud {'hip' d romdb! d n4E!|um dd;
4 re torLowrq srrB tri.ritind i n 13K
cs,G) t6r co:(!) -3e4. u,olr) ,361
H:o(gr ,rrNH,G) -46.2i qH,off0 2r3r

(4) crHJe) + rioft) - :co,(!) + rHio0)
ln qH.os(D + sorte) -, ,co:G) + !rio0)

(4 c,n.0J I r2jois)-,3co:G)+ rq,o0)

Bon Hab{ rtd. ror Rrbidrm chtorjdc (no. ro

' IO.9 *FREE ENERGY AND ENTROPY

trtrh. disoruiion ofpdrsitrm chro.de ii \ae. Pt k nrhirs o. ice, trl lh!
dapd m of $ar,, I{t dre dn$.idton of anmoiiun carbonarl

KclG) + rq , (clGq)iirn = lekrnot '
H?oG) : Hro0):dre = 6okrmol l

Hroo rn,ooiar3 = 44rdnot '

I r l
l r l
t3l

(NH1)?corG) : 2NHr19 + cor(g) + Hlo(g) i^16 = 6rkrmot ' t4l
'Irc dijrqcncc ln enrhatpy b.rsen r

lhoica|n{ddokespla(TlrcoNlbe

AlsNl.uphysna|d.henicaLchangshavcalrctolIcoffion'wh.npoh$jun
menr of rhc .ry$aL shcrurc k !q4!!e or a

(ru.lu.!oj i( ls. Fieuft 1.13,{.17.rti!qlaftd byrhd jruidrsociariotror,rj





predud d uoi q,nmtnoi (or prc$ure), rh$ rhe rre enscr chsce n eqMt ro

cord ions.lhe Lc cida chanse. I
coi..itra'iors (or prcsurc, or$c rc

fAcforthei€alcondiiions, and rhi: t nor

vruq 
^66 

6ay ddc.miic $c resibifty or readion orer a Iae. mnge or

(/) rc@npotd by ! dNrcsc i rdror!

(r ') NHr(3) + Hc(3) 
- 

NH"c(rl
(r) coo,Gr - oo + oiQ)

r.) cdrjr(r) r eo:G) - 6cor(d r 6sroc) G) r od rcLid dhaiot rid 
- 

| nor riqujd dh$u{ eid
1r) r Ed [qdd aied 

- 
1ads44Edhlio]

k) I molN:or(gr 
- 

2norNoJs)
1d) rndozc) + rndN:13) - 

2ndNoG)
k) :horo,(g)+'ndcdr,  lndc!ol3)

:

IO.9. I 'ELLINGH^M DIAGRAMS

zEG) + o:(g) ' 2EoG)

s in crroPy as I motc ofsas n conEded
inb I slrd I' fono*s fnm $ 

'0 
e rh.r f^s€ is nesrtivej 

^co 
incie,s (bc$ftds

r.\\i{did wirh rmpsdur.



E

c

I

Follheroftdioio|sirtroxjdc.^a€

*jun, l6nj5neg. ' iveolsrh.*ho|c

2Mts(g)=o:(s) ,2Mgo('

2Mg(s)+o:rs)-rMgo(s)

zAr(t I cr:or(:) - 2cn, | 
^1.o1(s)

tu.. ktreesho\rD ALuminiomsilt rcducc
tr rhc aqesho*i I e, rt rosoiu4. s!
flsurc or lhc iD$bitiry ol rbe onde



! i  5 qF.8 
' 

I s. i 'b" a {4(td flJhod ;

Mgco.G) e, Mso() r co,ts)

M3o(r) r.oo E- Mg(s) + co:(s)

14) hdin \h l .pshd ! t rbn rs{  rh. i  raFs!fr

tr) ePLah ih€ dd& h sd6r h de l\rso e4h r

!. dr *i{ ! rw i, '0. r trr d d! !; d.rd( \

l!) Nin€ (i) sqideqhidFuprdrc

IO. lO LINK WITH KINETICS



r. k) D$qib. hos )o! {oid 6od sr nsdd orhdpy

1r) s6! rlu sar studid \ 
' 
2 ?. {obh vhy 6c anc

vrr is obhe{ w'h dtoDoi! eid l! [.7 4]

1 k) skb de FiBr Lv orreoDodyd'iia.
(r) I]r h*r.hss. ii. rcsrioo c$ b. *r€s!d &! 

^t

t) Mrch drbc rro, dt or d., n 
'hc 

noi! Ndlr ih.

Krr)-KOi
(10-(  e)rr  I
lcr,kl-cik)r
c(g) | r -o 

(gr,
cr G)r( G) , (oG): 

^45 
= r3und

4 u* d. dtu erov b riid k).he c cbod lii lro
h dhft lid (j) s! lrue d.r= 6'

cG) r aH(s) - cE {,:
2c(9+6H(!)- cjs.k)i 

^16 - 
-:,]rkrnoL,

iedld htriq !^rhdpy d Qdnun(!) 6dLdc

cdc) - c!(g)l
ak) r cdr G) + 1 r 

^r' 
=

r$) - r?k);
r.G) - r(rl
(gr+c 

-r  k) i
cdG)+ rrc) cdLG): 

^rj 
=

(j) Fhd d! iudsd cdhdpl .hde io! th. .*did

cok) + rts16) , ctsps1r)

coG)+lorc)-  cork) i  M, = -r3krhd,
ts:(s) I lo:k) + s:o0);
cH,oHo + 1:oio r coird . 2nio0);

kr trrpbE ho\ Ibs\ |iq ui&fr $scndhodor

lion B so slos !s 1o bc tridh*ryibh T.

ottrdes iic(reN, aDd lhe remiion raks pl'cc

of rhe iedion n hjgh md rhe remF.arur is lod krv arc d4cnbd as uricrdire or

'{e c.s.0 r30r c.Hj:0)
s,0 Ftr cG) !!d !?G) rh{ du6 d^ra@ !l

(t) coin{r or rhc rchlc ndri} d 6se ontsuDdr

dn 
'h&'cs] ,nbuft ia ib ionco:4dso:suidsd cdddes d.ombwfon/uod &c

cs:(r) rotri s(t 2e?ic(r). !4

Isuno|,EsPsllcly
(, hphi {hr rhc vie 6! r{4ie r od rh,*.ins

(r) Enina. de n{idkd mlhdpr4 orhydtusonu d

cldoh4lie csiotr$ rJ dnie cylohN 1.4diqe

r0. 
^ 

Pdra otuoksiln iy&qide y.i3

,c(s) I :fl:o(8) r csi(e) +cor(e)
Frci 

'tu 
rhs d,r/:-,,!t " hrd u GNkpobr oc

rt. G) DsqLbe rhe dn$Lhotr d o bqn $rd h v4s.

(r) sus*r \n], r s.l€aL. 4r Br onlolids src rBr

(.1 srss, Nir (r)rj. i5 t$ srrbb 6h NaF,
(rt r_ra 6 nq! $hbc 6oi Nrcr,

n. (i) wb4 do you uidc^lsd bt ft rro q'?pr?
(ii) Fq ruh d dE forrovi4 ffrioN, sar, wirr' rc*ois,

o) so.Gi + cLlG) - so:cLic)



tu HN, M; +,so"nr

edfo! H,or d4;= ivjund I

(oei)

15. osdod,hr|trlmoradnsan.r.Loopkr

sFos iNord !d ar rhi nq/orhdD] d.q€
o) tJs se tolowg d'e ro.dd&rc 6c blde {tu or

(.) H,Nco.NBih) r co:(d I rNsic)
(d) .oo + H?oGl ,cotu)+H.B(s)

14 @ lt) tuti& 
'&d!., 

qttuD tuP d a rtxcno\
(it w6rnd. sdrhe$rlhrp]oibmriDotu!

(6) cdohr d. !!id{d €dhaLuy ttu o$ 6r sc E4!on
I 'Nr]^oH:o]-4N]

^rorrdNn 
GudrninD f ! ia!n

abdsioi (dtsqaron) d oeF\ pd

I r  Asqsr,  t r . r ! ! idnddo,hr hf$o

14 at NnFrid Gc! is ldr knqr 6{ iiids cacr.

(r) &cri w4rd har i /44.r4rr! jeddd ror.

(Lt cacr trodd ME i \4r Bsd.r ruod{d od,

Aaowrb,odrd0) ed (ril d rnso

{^.39:)

Gl b r@r onb! dero^r shrtoE d 
'b 

demd5

(r) crrocd oo rhe dfcrc@s h h!]e.rc@s ai

(.J sus$s, frs i u$4 vhch of Nscro, aod ccrol

{car, s)
17. (4) byErcgrbblo\i4dab,dEN?iilDrcD'hc

-qgr ^ 
ehr<rah e(EsrtuL .huE;rhiesi

d(r 'hrb. i .Di  i ! r ,h.  d i !n^ co;oo'  
-  

m.

| ! l lp\4J4e^!!oio]Nl | ( )

e os sdr i  , r ,  i  i

80d b(rr. e6irn lhoddc lDd nlb]d{D b@n & {. hi;r

(c {)

13. (.t rh.onbudorof rnc.uhDodlqsh,e
min6 danmdqdq elrd n{i odrr 6ciur\



(t uf ,ie d'x gnor b arlddr th! da^dld dltdpr
danFor@nhsioD ois! ts$durt aft odl4ir 'ol
ndurtL ss (€*dury wrhitro.

li) us4 rhc$ rcsLl| ah,hlc rhiqb rull oodue! nqe

() sr mdL d carbo! diold. Lnned.

GD sblc \hch or tu .wo ruk n iir.ry b hee dc sdtr
cirer oi 

'h 
din{. F k Lojout dstre prcduqd. sr

(r) (i) sak dr. odmip e }[id nay & sd b pEdd rhe

(ii) ue 6is ohdrh b pdii, eiuog yu R!$'s. .h!

(0 (D Mm.lhe ir orbod oc.u4 wtrh rtu ndod*

(u) srr aDd qprd ,b dir.da (,o, rhe dtrcrcrc D
bood dteodbo .dhLpi6) beN!{ se duc d rhL sdsrc

(.rl lrphii rh rid dd dc bo[[s tsDt oindhalu lqd

rrdedu Dass arc Dany qur 06 {nd I rsFd]rr9
(wrEcar)

te. (.t ft$nb ft. ,4' aqrv q&, niie thc pn^.irL

(6) s|re md di$us the r&bG vhih eo{E rb n{oirude

!) rhr str1'rpi6 d rod$to! ddn!^6, c s c, tsq I

( i) ,tu hrde flqs d!tr D!. iynd.

G) b so 3{ddr prcpd d. oi,. ersor o: r1F6 b, rc.

FDpoutrd x. Pdid 1s) oisk ds e sbb[ and Fqdd
ro nake r by rdloq &Dor (xc) vih p['hu hqdfuon&
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6r 
'ht 
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norc{diN hr 
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l?t
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Qd6trlLl shr,3ivh3rourc4@ihwrulodd

!a!1'd by (r) ho65r onnFEtu!-' aid c) Ne$ d
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11
CHEMICAL EOUILIBRIUM

a! itrftdErion b tbis bpic n$ ta hadc ii chrpld 3.

I1.1 REVEBSIBLE REACTIONS

Chmical @cii.N vbich kr. plac. in boL\ didio.s e ..n.n p6ibl.
. r&nd h4'M sa8$ h rhe rucbon bdw*n

hyd6r.n dd iodin. ro tom hydssd iodide:

H2(d + rzG)=rH'G)

vrr b r.al in sl*s bulh eirhq a nirrr. of bydoged and iodile or pu. hydrcg.tr

each hnb b tnd rh. douts ofhrdrogfl, iodine fd hy&ogd iodid. pEsrt.

e
1



l  r ' . ' " '  : '  '
l l . :1 1 '"" . ' " '

l ' l ' ' "  : '  ' . 'sP""" '
kfd} i ,nrequi ibr iun

'$c equjlibiu'n oDfnrllioas or H

Illrl = .
tH.t{r,r  

_'

mh' ro,  r . . .Jab.,nr , .  
" , . " . . . " ; ; . , ""

: t i -1'r "'". - '

=cHjcrr,crH,L r + rLoo

t

3



11,2

K. i the qujLibdun.odshr far rh. shificdlioD

al&r ih. €quilibriuo comt@r. It {lldr i. b drrcase t}e tine n*d€d lor lhe sysm

phase sd rh. scond in {he liquid p
the quilibnum h desdibrd rs bdd

rre(s) + aH:org + FeroiG) + aH:G)

*€dbyp3siogssftmo|$€movdheld
no', and lor anowing lhe .ysm ro cooc b .qulibrium Is al$ $ I t 5.41

THE EOUILIBRIUM LAW

'Ile equilibtum ls* summd$s thc
remtions such as ln hm d.nioned,bove For a Frciion

aP+rQ=.r+rs
th. equilibnun corsmt. .xprsed io ttrs of .onftikxrimi x.. is sivd by lhe

. .  tRr tsr
IPTIOT

Th. la* caD be nacd as rolLws. lrr rvssibie rerrion ir alrovcd b lerh .quilibnup,
@
eotrdt divided by rbe product oi $e onceohiiors of ihe reddh orsed ro ihe
lpplgpnak pow{B) hs r mNrmi *lk d ! pdi! s rdnddur 'n c iapptulrilrc

rcactior ne dirmsjons otx. d. c lr.mdrhcunhsvry

I I .3 POSITION OF EOUILIBRIUM

4P + ra=
Ir rhe corvdson or P adQ in'o R hd
snn L !h. posirian or cquibnum

If rhe €quidbnum mniuE k la4dy



c sme as rbe poirion ofeqoiLrlriuf white
r.nc.i$an'r'aPinialar'empfl

of lquiribnum n conro{ciary mpodad

1I.4 THE EFFECT OF CONDITIONS ON THE
POSITION OF EOUILIBRIUM

ourri.rs Prirciph Thh sacs rhar in my
@
Jr i rL.T,  .h"o drA ro,

ovs in rh. din.ddn rhar *iLl minini$ rhc

Ai aquoos sorulion or bisnuih0D .htolidc n doudy b€aNe of rbe hydbtysis

DiclrGd + H,o(r) : Bioc(s) + 2Hc (4)

rf r lilre cod.nr,bd hyd{chbnc rcid is lddcd. rhc Fxnion of ettdtibriom shins
in the dtr*iion thar {ilr abeib acrd. i.e.. fron richt ro bn The $lorioo cunor
rbsorb 4/ rbc eid addcn The hydrctysis of bismdhurl) chioridc k duch r{dued.

ft,r s$rqiqr reelios) r,e char.tiq! prinople cm bc appli

Nr(g) '  3Hr(g)+2NHi(g) i

r .  p,c.  ,eoid
indesed, rhe.quilbnuft sbilts in rh

l iLnbnghl , f 'hcqubm
aio4'hdcqurLibiumFDskn{hAnd.hhgod

c rf dre rdpstuE n nsd, rh. sJ,jlT
an ab$!b hcd br rhc di$ooarion or rnmoora inro nnosci dd hydrcgen. Th.

i of mndni! n dcrcsed. ttk is , dir'rsenr
tiod or eJrsl fDn ihe innuen{ or rE$urc. *hft rh. posiridi of equ rb utrj is



In rhe care ot an endoihemic rercrion, sudr a

N.c)+ or(s)=INOG), 
^re 

= l30usd1 L

...ddrld o/,, in.naine rhe hpentor iicrN! rhe equilibnum .oimm Th. rdrnD$]p

In{-  conqu AP!/nI

mndiliotr rbr flrying od reHebk ecriois in rh€ Haber proes N r2 4. tt aid
rh.cdnhdpro€sl$2r.rrl c nri6,lonotaxd rhcp.sirioddf 

'rruilihnum
l$14 l0l nreycha4eo'ry'heabdwhilhcqujribnunsdrarn.d.

rhc rcYsibt chusc oa *ae

aher L. chaktqi adju$s m $ch a mmmr s b t.nd ro dErcasc irs voltrm{. j c. icc metb. (rhe
rn.t'l. ddsi'y or wdd inds56 rrom 0.c ro 4.c.) when rhe rmptr

adju$s i,sdf ii srch I nmd * b
c@ hc @dEpriNh.d by rhe mdrins of ice. which n m cndolhsEic po(s. As

ffiiure wil ETaiD consan' ar 0.c (d r,h)

Nrk) + 3s1k):rNsrk)irat = rouod i

u 6r cqdribdun onrc r r % r 
'h€ 

prc$u€ k hs4&d

,Nol(gl :Nlo!{3) |^/6=' lk jnol j

Hov ee (i) 6! drd d cost$h o. No: ro Nlo. aid
(iD rh. 4uribliD sNkd d{kd by k) d hs4s b
rnFnrre, o)@ Dqss i P($E ud Gl@ bqse

Pcrro+Por(g I cr,(e):^r: = eokrf.l
*hd n & cf{' o! 1t !h. po!'ioo d {{ibnun od

rntsq,ur, o) d{ais4 rh€ !d!or d.rr lofthq,
Gl addh3.4br$r. (r) iddic cr.G) dd (.) .ddiu i iobr!

H1o0' /  = r@kedm l=Hloc.r .  aerkdn r l

I1.5 EXAMPLES OF BEVEFSIBLE FEACTIONS

{6yl dhuo . fodcd {h$ I onot dhdojc
ibr jof^ l rcontnpddftq/ . .= '10



M€rhod Li  fc"no, i r  o ldtDre

GIL(O:HIr + C: H,OHl r= CH,aO:CrHr\ I +

! tcHrco:crHrllH ot
lcHrcorHltczHloHt

:or '  ,c r ,  ! ' t  "d
bdlr ' |B| ' !he^hs{rddn'
or ak. hmd = imor

2, r1r nntorcs m p( jDb *opp.tud boil* ud lelt ror I {ck ii, r lrmo$r

3. {r 
'h.nd 

o! !l-e rsr
rer 3. ,  r" .b-  rh; ! . , ! , " ,  F,e.

ou of cHrco.H is round by subtdion.

flhro 00itr. crhrni( a. d 0 0\25

cHrcozH+ crxroH+cH,co:c2rr5+ H'o

Equitibttu ,ntrnind 0 att5

f, rcH,co,qH,Ir{rol
' IcHicorHttcrH.oHl



FrcmcilcuLati.iso.xL|lh.jnjxtues,
kobbrddrx. Id im4nmk$

ts13) + t(c) =2HI(c)

.- lHr '
'  tH. l t r . t

SiD€ thj! is x mcrion b.r{etr eass
N r prnirl prcsurc [ ] r.al rhen

,(r n dincnsiodles. dr prcdics the
rhc prcsure mry be. ftn is nol lnc.rse for all saFous equilibnr lcodrai
ReadjoD L bdd$. (Ir rhc gr$s re i

IbesonrediscieparcBdh]8npre$wcsl

N:(g) | rH:@ + 2Ntsr(g)



a dabit d nuh$t ot ab jn lnc .quilbnum nitu be :Nr., rN.
ht prcsur 

- P. The pdial pEsuru m

' aN,P(aq,Pf

=rn
Th.hnof(rnP-r,  e.s. ,  ah rorN 1mr.
lvhen P increascs, 4 sry! condbr! lnderore :N,t! nur incroa.q .nd :N, ed
I,qrund(ri...Thehighdrh.pHsurc, rc grclrr wi[ bc $. pffibsc.onv.6ion

...Mdaw*eddmpt. Ex.ner. Nftogd ind hydms.n a. mixcd in. molar rario lr t. Ar equ $rium,
ar 600 .c md 10 {n. lnc p.rc6bg. ot ammontu in lne nntuE of els i. 157".
Find xP at 600 .c,

M.rhd L4 
" 

be the fiadid ol .ach nolc of N: lhar has cactrd d equilibdu.

NIO + rH:(s) +2NHr(d ?or,l

04
Eq\tttbn@Montnot t -a 3tt-o)

4-20 4 2a 4_7d

rxe e{das. of NH3 = 
4 _ ,df1 

x r

3.43

EtukbtuDoli'tDEez 9ll! !2! 9l]!

wmd s@ Td hs.d ioo
'k,.' _rtsro(g)_ r.ro.(!\ , !H.B)

lo 52P\r ltol4P\ tD2P\l
\ r43,r / \ r .$/ \143/



(xr acon$r' tnp(durc) s lonsa

600'C lh..qu,hb un pr$sDd or

." jii ffi)

k) .srG) r 1ts,G): cnrk) r lEls(s)
(r, 4Nr.G) + joj(! =lNolgr + 6Ero{3)
11)'No:i! | rsrGi : lNIrj(s) 

- 
lHrolsr

k) s; Gqi r z Gqr: Si"kO + rF. Gq)
o) 

^s 
Gd+Fc ({)=F 'kq) |AcG)

(.r lcr'(nq), Fe(n:2G'Gd+ Iii kq)

aGq) + BGO:r.(4)
rquiib m oiciin,btr se til - 0.r,l3l =040,
lc l  = 0Inddn i ,vhin f t  wdE dr. '

rD(aq) + r(aq): F(4)

(6) 1so.1s) - o.(s):rsoJ,

For .rample. rh.. Phospborunvi c
pb6Fb{rslIII).hloride dd.hrortr.

Pcr5t) + rcrrc) + clne)

As r r6ulr. rlr pi€$uF ot lhe gxs (xr connd lolune) o'. alrnr.rndy. thc v,runc
or rI. gas (ar looild rrcsure) n $



'I]]c adion or nolecuks .har dis$cjnh is calhn $e d.sft. or diso.irdoi, ind is
Dn$ of sub$mcs jn &c cqujlibrium ,nixruc

fdned f6n 1 nole of rcl, m as totro*s:

rp'd?r Pcr5G) Pcr.(g) cL,{g ?,ral

Adlal oumbd ofpdlcles | + r
Expc@d iuhbq ofpdicts I

since rh. presft or. s.s i. prop.dional b $c .oi.dririon of pmd$ presq

Iap{bd pr$trrc otsas

Fof a subefe in {hich on. holeute disso.iars ioio n nolctrtc!

Erp*lal Dunb* af pdicles

Tlle equilibrium .oi$o! ld rh. rh@a1

,, IclltPcu .
' IPCl-l

rf / - dr. volune of thc conbin*

*=-( t* tv

If . = rh! inn'al onmtdon

The aluiubnlm condbt rp, h rms afrarrid prcsu4. n

(o,J" ' "
Thc mit ofx, is a prc$u. bit.

=\,J

l . : )P,



empr. wb6 0,I00nol of ph6phorus(v) cblorid. is he.ted d 150 "C i. a
l.o0dmr c&L c pE8$E or a.33 r ld Nn -: is o.sur.d. cdout.& rhc &eie of
dissocidiod dd rhc lrur of 4 .! this rhF6u..

ed (.) Fi.d ! iom . @p&ison of rc.1 ud dpdd FetruG.
Th..rr6!.n pr.$m ir 6lc!t1r.d from PIz = IxT072q Punins
r '= 1.00x lo_rnr, I -  423Kr -  0.100,ndx = 3.314J K- 'Eol_,  s iE.

P ' r.5l x ldNft ,

M6rd pr.$m/kpeied Ftswe = r + d

a.$t  10' / (3.51 x 10!)  -  l+d

ft. d.gE ordissridid,. = 0.?5

md c = 0.2J, ad ? - 4.33 x ldNn ,

,q=2.92x10{Nm_z

alo-ber !u! ol u6nd aB.Erbm ,N o udFi.4y lov vrlE for rL dolar
M. lsc n rho4 ! 3.21 Fm rh. cqmtion

Pl - 
!1 Rr

you cd &. rha! if rhe €luq 4 of r n* of gs, r, is E dd thb .rpd!d.
thm rhe ul'E obr,incd fd e. nord nffi, v. wi[ b. L$ lnu dped. sincc

Adtral rclm ols6/Exp..1dl volum ofs.s = t + c

Elpdd mlr r6s^te.lEd nols Ms = 1+ 
'

Il d. nolouL diir@iatE ioto r pdid*

Expd.d oob ma$/M@Ed eold nas - I + (, - l) 
'

dim gavc ! vfi. ot 32.5gmol , aor dhibgd
M&ridq N,o.. a 25 "c c.lculab the d.gc of di.e.i.rid it dis roFtuc.

M.60d Tre dissmidiod thd m.m ir

N:o!(s) = 2NozG)

clloula&d moltr m6snL.ruFd nolr n!$ = I + c

D.gG or dnscirrio. d - 0. 5



I
cHao(Polltl 11C: D|SSOCTAT|OI ffi

nFdd n 4o.c h I 
'.0{dnr 

E$cl. I 
'r$m 

oi

d;3oo*ion or coo,G) hb o(d + cr,G)
t. rn. vlpos loh.d fmb 0 2009 df brinotry(D chrcld!,

ciidnc de ds* ordislo.i.dod inro sKr(g + crrG) 4 Pho4hou(9 cNondc k ron% di$ddd i I

End:PorG) + crt(g)

l  t ,5 PHASE EOUILIBBIUM DIAGRAMS

A phe t 3 hohoc.i.oB plrt ol a rld.m whish h physh,ny disiind rim ods
pd3 ol r. rys . A ni ure ofss* n oie ph"e. a soludo' is otr. phrs.. A
sdDilred $lulion jd &. pcede of h res or sohl. k a .wo.pha& 3rnd. A

y ph66 N rhft are solids prcsDt.

pby3i.ir skb, lhe co nioff uodd uhich
.!ch $0t crjis cd b. eprsdtd by r lnrs digrln. An rb d a phse dissrm

.ftr ii .quilibiuh. A hipl. poirt desdib.r lne dnditions uder qhich dnc

FEIE |Lr shos 
'be 

phsf diasm ftr wrr.

t

e



Fis@ I l3 shos tnc phrs dirgrm lor cdbon dioxid. Ic (t!.stion 3 ar rhe ed or

cNtcKpotNT 1101

G) rrucrh!6sueoDy@r4r,ru&rhslasGorid),

(t) Nd. ft pd! a, rtrd dprrin nr i!!ind€.
o s4, {rh rn dphmridi, ho* d. rldg hp.d'h

s

G) w c $ qrsio for 
'nc 

4uiribiun @is6., {,, ii

(r) sbe. virh rt*ois, 
'hc.dd 

oo 
'nr 

cquilbnuE ptu
or (i) a ii*& ji blrl prc$umn'l (ii) d iid*$ ii

G) A1 o.c. rmdor d dc a! wishd ,.5se udds I

ofNoi md 
'tu 

Yde or('. (x = 3.r4rK@d_)

2sq(d + o?G) = 2sq(3)
k) wdr atr qP!$bo 6r xP,

1r) A! rom K d r 00arb, s. .qdihnn milrm
coruiis !70r, sor fd {i% or b} vorrd.. Fbd d.

1.) Ue dc dFcsio! tun (o) ro shd hw ine ndo of
so./sor i lqnribiun nixr@i i5 rerdcd b ee 6'l

(r) F4bin wny idardr prda qddc { pr6su$ of

sro(s) + co(d =Hld + cqG)
(,) wi.. .d .rp.sioo for &.
(') mo 1 00mor ofn*n dd r.0oftol dlcubo ltltDid.
s dMd b Hch .quiri'iun, 33.3% of rhr quisnuD
fif.NLi,drcen'cs]o|r6$evdu.ofr"'sliclbe
unisotr"'
{.) wourd you .:pcd n beEc i rdr pE$u. e rjr4l

de4u@sshl imisn'd.byd$d6g|,m4dof

Ag'Gd + F.r'(4) = P.i (q) + Ag(t

k sbb|nhcd, t^s. t = tFc,t . o.4noldn ,, d
trr- l - 0 56d e,. Fid i" fn $. {ui[bnun.
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PGrtdh sr'ioi 
'. 

tcr I = 00r0nddm i.
Lci  I  = ol?nddD i , l r i l l  = 0 nddn i  Fodn.

:cr'(!q) + F!1t:rci'Gd + f e, kq)

,Plg)-QG)=rnk)
(. Nilnqry lqud b 6 0 hha ir0di, f l*k ui
Dtrodud r.0nor dP, lond da d r0od orR.
(l, nrc ihe u hNhiir.*Ap($rd.

(.) rrd.ehnnN!h.Lorucdrhcfldr I i qdr!

2so.k) + o,o = 2sorG)

kJ L the nrrre * 4uitdiubi

r. tuuE r r.1,61.6: shos itu rh$.qnfibnu

(.) uris thc d4Eo, Fdid yhn pr hlppeo {h{ sotjd

ldl cic ihe loidnift lndq yhih 3d.or coi ar bc

o A. vhd toFnrre i lquid coi iabc aho sc

(d) n€ phse d4rm fof or ditrq' D nvo e4j fton
dr6' ladl$F4rrc l . r . { I  611 wb'a€rhqr

2so:o + o:(s) : 2sor(r)

tiii) !N rqrr e 
'hc 

ctrcr o^ 
'tu 

E E of se qliibnlE

tr) rrr uud aodircns ud D rdu"ry 6, .h s prohs uc
thi n oFols.r Nb( {0 "c, d prcnus in a6oE

n) B6o!s Dnidyor!s!!abFnnDabw.qrydo
yo! dd rhi hi4d eKus R rel usdl
(ri) lr.l@g D nbd you a'svd b Bn (it iblq {by do

(Lii) PK orye$ L rc' lei ir ttrduro. An i ihaF bd

(c r As)
u. (a) v6alsDani rry rla.m drzo'rqunri@!
tr) ownr6cqpEshiror4rbrrbcqdbriu

(iD &!idi, ii oudi&. hov 3 BLc ro! i! n4 be

(ui) A'13x rheqrui.rrtu{utbi@ioEdr. (.. ro'

('!) A1 r05( 6c Ehe or{r b! se €croi s r.r Lpa
Ifb4 = M'd? + @mb!q ohuhc M o to! rh€

(sB r, s)
12. (4) 16r k Gddids hNDb
(r) M,^y €'mddry inPotum Fas6 iivolr

i.@!s 4d rrcs dd svis rtu aryoptur qu.io(t
(.) r! de vood prces ror rh. pldEl

sr rmp.duq @@u crrldasrbDnN(co)t rhr

(0 8;r oie quho! rhd slrudq 6.1h olus.
(iD cE se {p€$ioi ror,t 6! rb l@rd h o0)

(iin r ft coffirldoo orcoc) i quiubiubouhrc

(,!) Hqs qs{ r,Rsoi vh!. &{ coadar ph

(Lq)

t3. rk Prcd!!,o, )J)ndd'tq

I ri ric ninid !ft !^d puiild! oftlrks r $!
(r uqrrc d o tro3ei iid hr!ro$a)

,so:G)+o;(Ar=:sorrc)

(o n) wft doqiiiqpr6s6oturh€qur briuj.alshd

r ) wrr sldd b! s! !tr!\ '.ri I r roift d 4uribnun r



Ntg).  rH:rq '=:Nrr  r i  
^ /  

errr io

N:.)!(g) 
- 

)No:r9. 
^' 

a0no ,

( t  
^ ' ! 'q,Dsdrrdr i  

. t res() .  L ssd!nnr!d

p@$u?ifrd rP{(r0r i  L0,Nr : )  cr{ [ r !  Lh!  rq!g!

nrr NrrcsodDldetfrcnar*MsrffLn6)u!mdrih
nr |hrd!!i!(rrn 6cburuosorGslriuds)idr

sLrhtr( i.d G.d rft) r oror n!nor&. No. rh!

!
I

1
{
I

a
I
I
{

t
t

{
{

I
iD sus$' J rB$ !h] a L! Lcnsr!tur! D rd s<i u

t i )  ,uJ,esn!tu& [(65
1.) s!4$'rk.idq5 rD'rh4rdbc@sdqd lho

1r) rhc ddr r 
'bcrrbtbdlvd;^blnnoi 

i\! is$

(rLi) trrpLn.btduqlckirrq!i!Q {rr hlh rrsu$

|]qlG0s|s\4|oI6clqusr iunaDtd{. t r j

t,) ctr!!oqpc$boturaloddqincr! l irrNos

1i) Ds! selih.eird4G rdddlLL r6otr )ou



I
I

F,
t-*

t
I
1"''
I

P.
I

I
Fca)

tr
I

I

r
I
E.T

r

-.' '-----..-

16. (4) (t sk Le e'dds PodoE.
(iD rin 
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sidd oh ch.mier

lqui|ibfun&fuF6itrrqueus$|u'jon.E\pbil

Gt Dsne $. rprlierim or Ll ch.tlcrs FindpL td 
'h

(t) rhe qulibnum eEbnt & ror th. tu'idd

Pcr'(d=Pc!@+clr(8)

(i) cdolat rh. innd prc$uE or*h 3pdid ped {

(ii),wlll rh. sne Fiirl Fm bc obrtrd r.qd
arounh (i.e lqul nNb.B orndra) d.mr md cr rE
nixld d 2r0.c {d 

'tutalpduE 
n 

'b 
m. c h

;+r+"=o;, : t  b+,F+)fu1
(o&cq)

ra (d O Borlh.r! o@t d.kza&4ilbub.
(ii) D.fie rhc &n ?4t6lu @ar@/ (l1 aod qprdD vhy

(iiD wtu dova tu 6Pl41 FdbL oe€im ioi
e libduD @{er (4 q tr. * !p@Ei!'e) ror ft
Glloslg4u h!dgiEs.liisofrine.hN:

(4 ccont = c'oc) + cqG)
(4 2Fo}(4 + str}(aq) = 2F!*Gd + sn€Cql
(r) InadddEsld@imdton'lEH$trprces,

6'shq &, ar rb d.dd htsrdw n

o shrcsiddss'h.tueswhictrftmrh.sbu'

(wJECar)

I G) M'rcac! d ddvid onk Drcsueh@ruf

(iiD MdL 
'n! 

dph pdhr d dpbin i6 si$jrFDE.

(iv) erbor diond. qpudr or nd'iie

O solid erbotr diorfr rbiifrd r' a'ndphdic pn$E

'(t) Ilu!4e n@ortpr,id oo,b/ropr by aNldaii8

(oer)

F

E
I
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12
ELECTROGHEMISTRY

12.1 ELECTROLYTICCONDUCTION

An dElnc curcnr i! a ncbllid.oidudor i\ a iram of dctons. fic .durc or
rhe m.rirc boid t$ 6 , rt aro*s mda

Sme .mpounds mdrd eLd ciry

c.[ed the conpouods whj.h conduct .ledciry and aE dsomposed by ii cletuLe.

lhccrhodeisftiehedbefuta'dx|dll 'ees*g.



audny or eledtcily : cuhi \ rme

Qurnfty ofdclndry nedd ro di$h

rl.'o." ".u,;;i::; "-o-.". iffi,
Fn,J4 mdr bl .+Nrenm;n ;.r.; ,-



o

aun iJ ofe(rn 
' ]  

o! , ,nh

The quanii{i or dedri! rcqunld 
'

aud'ny or dstuty rcquned Ibr 1 
'

Oua i'y ot dea.o'y rqurcd 
'nr 

l m

Qurnriir or elsdlirr rcqun.d ror I n

Qu@ y ordldn y rcqued for 1'no H: = ?33 r ?4000rrj I = rer r rorc

Ou3ib'y oteled'f'r cqurcd n. rn

d.p6ircd ae $, rmor; cu.lnorjcr. iinor iu, 
'n,,Lrrh{ 

ELsq or'hc dmEd



You cm se rrom rbdc .qudio$ rhat r moh of ddrcnr vil dtu.hfge I mok of
As' ion, lnore of cul ioG or lmot. or cr' ions.

Numhs or noks or.ldtrons

td;

Nu6bd orcha4e on one ion otube dddr

tFor !h. fomation ofhydmsen and oiysetr sfr g t2.3.1

Et.mer. Find hov todg n yil tate !o d.posn Lc,os or oh.ohim *bm , cDftnr
or 0.120 A nows rhroueh a soturiotr or chrcmiM0D surphare sotuljoi.

) thtk d *oryh cl'(4 + 3e- ,c(,

Amolm ordem.m dk.h,4.d/moLe 
-

rmol el*hnr ft Deedc{t ro deposfi lnol choDim (i.., 52s cboniuf)
3F2mt .lr*ons deposii lg chFniun
Nubd ofcoulonb. t quiEd 

- 96500 x 3/52C

Nmbd or.oulomb. = Ampds x s@ids = 0.120 x / ( = !n r)
0.120 rr - 96500 x 3/52

! = a6a00s Gpprcxih{.ly)

Th. cllMr p6er ld 46400 s (12.9h).

Thc fmd.y .o6nD. is .']tr!i ro dr ch!&c on onc d-bD nuhiptisd hy rhe
Avagadro onsrr, rhe nunbr of cldDns pr notel

*h.Ef= Fa$day.odanrj a = Aeo

,I2.2 EXAMPLES OF ELECTFOLYSIS

whd r moxfl .d i\ er.ckot) qd, rh. p rjud! c ptdidsbt. s,\6 m 4. eou,
.o'u ioi nek.mljsd. tFrcgs ed Gvs.n sorcih.,.ppe d,hec-u;.ho
d4de. Tb. brd16 tomm 10m r 'sd4htr$ r . . "oq r  t ,Dh 12l

(o) u.ing ind ei.dodca (plarinum oi enDhi@)



I

12.3 EXPLANATION OF ELECTROLYSIS

(r) wh.d i.er(rode- L,*e pm i,heFrrom

whm a nol&o .rlL is.lkt ly.ed. th
vbi.h dischdse lhe carions. tn rhc ca$ of

Pbl0)+2.,Pb( l )

The aoions ravd b !n. oodq *hich, beins posirirdy cbesed, hka dsroN
fton ln. dids, thls dischdgins rhm.

0 0)raG)+e

niods. Thc at4ton: noq ihDugh ih. eiemsl

predictabl.. Sonc rd,l criids m id dtchars€d lrcn rqhDs solu.ion. Sodium
arbod. duins lnc cLcdrol$is ot $diM nfuac

,oL'r.o', bd r- 
'o 

d..J,4pd. 4.ndll.q.mhtrotr o. h/d.ogeo oo me.

?Hzo(l) +Hro'(aq) + oH-(lq)

fte hydrcgen ions rc.pi ekdmr hon rhe.nnodc b roft hydro8d aroms:

Hro (aq) +e- 
- 

H(d + Hroo

Althoush rh. corcdkr@n or hYdroB.

vd.0o..u * .  nrs.s r  \ r , .  ,u
in $lutid whil. hydmscd h cvolvod.

Ar lhc uode, bodr njrde ioc md hydro:id. iotu re pres4r Hydrcnde ions e.
kt ions m3i! in solurioi. shilc rbe derodc

oH (rq) 
- 

oH(,q) + e

4oH(rq) - o:G) + ,H:o(l)



Protire: sir HumphryD6w lr77gi3al

sr Hunphry D.\'y n hntous ro! his invenrion orlhc fi,q\ s.tery hnp rre du*d
Lcobjerwasrosflelhe.rusof humnirr,..

himea Ar the rcc of r 9, Drrl] *hl ro ryork in an iDsntote ro! medjcrl rcsa(h in
Bn*oL wiil$ r r.w momh{ hc bad dismsren rhe masrhdic psFcni* onrushing
grs. \ o Dey was ,ruick io hlc advania !e or vold\ inv.n rton of rhe g,lvrni. pi e,
whEh save a rcltable eu@ ofel{ri.iry rhr! colld be usd ro iiv6lisb eledrolysis.
fte blcd Dary to ielare by d6rol

anun.Hed rotrsalcd tnar chlorine n a'
as rproirrd !o a tEruBblp in rhq RoFt
rcs vhich w*e so Dopuld rhar Mffcjbs
hc Lerured Ar .he rgc of34 D4q wa

rcmain in $lurioo, *hire.opps0D ions m dnchargd rr 
' 

sturion conrains
bromidc ions ud iodide ions, iodid€ ions dc dis.h.4cd, vhite brcmide;ons

rfscd in order, moidins !o rhen rekrivc
cr* of dnchaqe d a carhodc. Anio
eN. of dhchs4c xl d f.ne. Th. th! of ions in ordff of .as of dishese is cal€d
rbc Drsrocheni$r sqies. A shonen.d lBion of ir n sho*! in -rdbte l2 I lse

I

I

I

ti rbc do4rorsis ola soturiotr c.rraining e n;rure of iooq ro fiid oui sbich of
llm ihe borom or rhc tLcdrochemi.et s.ns

whcd aLr$o nDi orrhar spdcs h.!

rrh. obfsed rsux. ti soruiioi s of haLids.

dr hydroxd. ions ALrhoush. according f. ihe



hilideionsis so m@n s{dd rhd t

Sii' i|ely,r]'spdiono|lheEldchflJ
hydros4 qourd h{ c!,rv{d in lnl cLcdrorysn or a bad0r) sah m aqueous solution

ode. sinc. rhe conc@rEri.n or read ioDs is
DsDy po$€c or bn s.a&' rhd the
nnud.i .f a lcrd(Il) s,\ rh. afd or .on@{qrion ovetridA rhc posnions ot rhe

 .olhs aador vhi.h.d l.d ro r d
. .. fh, hdnt ot th.

nk de nn dJld ,\' di$hqc hldrosli iodi n du.h grc
dd,t aId,th4e al . ro hydrocen ions d r mscury cathode.

.4/ia,J lith the lomation or ! lod
s sodim chronn( t$ Ftm t3.1, !i 13 I 5l
erKtivilyolndx|siilgdioisid{hjch

*hi.h.c!u^ rbcn mdll id\ irc dnlhrrged

M-(4 +,e 
-  

M(s)

bnoi.vigonusL'li lhvdgdjda|cium
do*. nE i€6oD n probably rba! qLcium coDpomds ff. rcs solubl. rMr sodiun

be as rc.djle i! rndi.. rs its posir

ftn tiln n nuch h* rca.tiec thr r
\i,y Ise chrpd 

'el

12.4 APPLICATIONS OF ELECTROLYSIS

I Enftdio! orrodiumby thcclok

rn a ncury slhod. ccrr $ r 3 5 jl aDd r diaphnEn al I! r3.3 E
r. Mudrxdm or sodion .hlonte(l) $d $dium c orrr(D n 20. rot bv rhe

s. Mdutusrc or hydro€m by rh. ekdrcrysis or briDc GqusN sddiu lhbndc)

jum by eldrollsis of rhe fsed (nor'.i) didridla
$r3.r t .

etolysis orrosd b xite I! 
' 
e , 4



3, Arodnadonrnddyerigoratumi'riun t$ re.2 rl

sk,Lsinga rumDof inpurcopperrsft rnddc
I{r116l
to. ELdropliitrg, er. cbronidn pr.hg g r4.1,1.51

:!:W"T;



H romlotrorobieds Ecotrcd toD shipNr{ks

'!h$.$jo\ 
m,Lmdr dh.r obj€r hrt Es

hd romed or rlr obj(N rhn !{,j{
wtred rhend objlaG r Bthodes n

rhe obrsr lnd noshed onr rhe d.prtir rh. dffmbmkil rRrmo' of G!l' dbjtd
r hc obje( wlrc in$i d'h de $d*d {a'( ro

lirrkG) &om Ms(i:or. o).r:t) eoo Nac(!q).
(.r .!(i) .rdn cusorho. iar Pt(s) frooft1No.):(.q).

oppdrr) arphrc ! 1 c.i {'{, di L00A 14

kr E6 !:oonddn i $[f!n d {ppq(ui l ip}dc
(r)haftrdrdr l

I2.5 ELECTFOLYTIC CONDUCTIVITY



rioD rr fer or cond mror 'tre Eiprocar or
d or rtsillivily n sndrctiriry. r (r(apra):

conbr,idg qrulioK lrlmd Ir18iY

M0l$ rdodrtifiy, 
^ 

oubda), i d

Lzl

I r l

rhorc 
^ 

tknbda) = nore conducrl

dlmnically equl ro rhc .ondudiviry or j nole or rhc d-trolyre.

'Itc riolr !.ldrcriv y of 3 solue d
morar conducnvig, ]\ ombdd. ft ploftd agrinn $e volun. of sotubon conbiniu

o'res. |Atro, ' ' ' I
inFigure D5 Sfoig.tRroryb ire rbo*
ion 'I]icy eivc saphs or shap. aj s{iftty nsi.s
of i i5 calkd rh. not$ &idodirir 3r infiniie

lrd od hs vru€ l n repre$nbd * 
^- 

or^j

werk d{roryil!, which rc imoEnrckD ionis.d, git Faphs lmile ii rhrye b

a limir ro rhc Ri8. of conce&lljon

sAfhddrtrs. in r37r. qpl$rdrhe s
rhe ionrdioi of rlr solurc {irh diluridn se suec*ted $d lhe f,aclon x or rhc
sorolc \hich is ionned gmdually inc

varuc d I, rnd I {ould lscLolrn r lrimh yrtuej t{o Tho yalue ot rhc dcscD

rhe n'tu 
^iA 

ncdtd $econduc'ni'y ario.



dpDq(r') $r dc an b!.rhq lrBD !'4ldclr
ionied:Lhft nioposib nror.orale boiditrg

.xfiltr or Thr tr drflrcd in ri

12.6

rLo{\ l !  $o} i ! \  i , )od o) hl!  l ih didDi f t  l ] ) !

THE IONIC THEORY

337rhr|vbctrmd<tol}ledsorvcs,l

t 'L |cdrclvsnndphkd'Mda|\a

I I ro ' ( rq l  + oH l iqr  '  rH:oir)



HOCKEL AND ONSAGER T

D.b) c sd Htr!r(!.l ( re2r) rnd onsrs{ ( lerl .,odiijln ,he rodc Tlrory as pEsmcd

ed soluriDs rhxn rtr dilure soLulions. rhe d.dricd

ieighbouhmdT}NltadivcforsbclwEn
eklciqof dcarionas* Ftue'r6l rhe

F$ !6 3, Fieure 6.6 rid riiBure 4. tr, \ 4 I rt

akd Ise cbrFe^ I md 2t. r}c ndurc or rhc
.h.nj.i 6ood in deuolyr$ i beliel

IONIC EctUILIBRIA

(b6r) srush LdoLnr 073r) md Da!r, (r3ro) ro Li.bis (r3rrr Larg !W!
l l ] ih)diogqsdmb!disp| l lcdblmdxls

12.7



As pure hydrogen chL,.idc dos nor c

dbuidemdbaNlhAnrcnsr}hxs
dosconrxincrH)O

arr (!0 5E dj!i 'dc..ompaEd vih or[s
s!ons(: !und10Lndnmdc)Th.d. ' i . f ieLdi . l5

r |  r  H,o xro '
ryxs sho$! (u sptroosopic oatrrctriurn b lbdar r]mkidol I As rhc
rceN n s ddhemiq mhldmtd prolois do n{r 6irt ii solution i I hci xt

n ndlu tx.rio's.l ThL hydru'od prclon.

tris terr. Hio ,!irr hc lrhd a hydrc

A.kmukdeng t]]d the pdD des
rvicv rhc dcfiniion ordids. I])e b3
byTMLsYry Dd aLe. ndepddh

This equarion dos mr Eprc56r an
d Md b.\c rhich ft rclicd in $n wxl b)

otrjrg'h 
'.id-b.$ 

Ft !n.!

fd Ras2+H =C.njugdee'd2

I



t6t
I r l

Acid I + Bac 2+ Cqrugrb b6. I + cdjugate Kid ,

Acid r r trmsfom.d i o ib conjuFr
orjusrt rcid No sub$m.c.m {r $ d did in soldri.n unrss a b?se r pres-t

turion @ add-b6e rerdioos

HCr + H?O i HrOa + Cl

HSO4 +H:O+HrOa +SOlr

cHrco,H + H:o+Hroa + cFrrco,

E hrl.\ of B|iirsld-Lorry trs ae:

Nl{r + H:O+Nrt- + OH

RNH,+HrO=RN[rr+OH

HSO, + H3O +H'SO4 + H'O

cHrco? + Hro = cHrco:H + oH

ri  I11.  p led l r l , {derh dr inc r
ddt7t ,*ddissdig$aDobFdo
or rnrhirmri. $lved Th. IlsO4 ioi n d amphobic

l l

trj

t.
i"

rbii rhe scoDc df6c Bronsed L.$rr definiriou

cxo + sor: casor

I ftcsh d.noirion or a.idr rnd bs*
rcadions in which m ndsbaFn eGd

a.ovstcir bond For cioptc. in ihe rercrion

oo.idc is thc acid rre f,evr dcfiiilioi of3
base incruds rhe Bdneed-LoNryba

{rJs6qdd'c ids$drsHc] 'H:so]
ud cHrcorH fe Dor $ids kcod;s.o the r$r defiiirLor.

reumentof  rhe*renslhsorr l idsrndbasst{D7.radt l t r6t  N.!(h



pH = 
'stH,o 

/'nordm 'l
pots = Lgtoll /'noldm 'l

wddhoilys|4hdyionned:

lH:O=Hro'  + oH

fh)drcgetrioNldhydroijdgionjnqLulb

lHio l toH I  = d" = 100 r  10 "nol :dn 
!

E{nrr. t\4rai n the pH or a sol(ior of hydrchloric mid or (DcedaiioD

cahtunan., tH tH,o'l = 0 rDordrc

relH,o l= I4dpH='

catatatb\ oI poE IoH 1 = 00r = 10 rnoldm r

roll = 2

berraD pH and tH,o, ldd IoI I  ln iLbtdedinrabLer?l



CI|ECI(POI{T i2cl

L D.6*t\. t ms Btud.6d d Brffid b*. eit

Moelfut@!2.*4!,3ndlh,@.ed3iE@

lrErp|!filbidl|dns3Mn.$:

O) IAr(HroU'r is.rlsired $ sn &id 6le.2.al.
(r) oczco:E n i sr4q &id M cH:cnzg

G) rh! Fnedek:fc ehtsr, AIc!, kclaifd a r

lhc dtGiinm o.(d kndius rd o) L@ d Btu'd?

4bditrl'ofuBIfu4LUD'fuq,wken

(r) nr. pr *0"cda00rDddq ,sohriotr ordiun

(c) RoBi + F.B4 + R(ro. r.DL
(r) &' + 2NH, 

- 
AdNaJz.

G) csjo,- + rF 
- cErcozH + HFr

WEAK ELECTROLYI€€|

w*h cltulyt : oDsili of molml€s, som or *hi.h dks.iarc b f{m iob. Th.
tdio of mol*ur* which dissai& G el.d th. d.grcg or tonlrdd or dltE of
discir.im. Ar rh. m@diotr of a solurid ol a Mk debttlc d.ftcai .hs
dlsG of ionisarioD i'lcmss, only.ld,r Dihnio! rrw sivB a &latidship bdva
thr d.cr.. of io&ali@ d of I pBt dehlie ed irs otrmbatis c. Cdlid.r a
*Bk scid HA. An equnibrim i! 

'd 
u9 b.s..D trldis@ia!.n ndeu* Hl md

H^ + H?o=&or +A-

Thc equilibiu osbt $ ll.ll is elLd tht rcii dl$od.dd .lMot r,, md is

tHror l t { - l
IH^]



fuad,n in moLdn r, es., ttl.o.1i rhe
om$ration of hydrccen ior rre deftsioi ror xi dos nor itrdudc lHrol

maios onskrr ii altrNfably dirde sturioB.

Ahentlnol

cor ndtidlna\.rn " 11 ,)tv 
'ir 4v

*pl.sioo|orr'lnts

., l'lvf
\  = 

! )  n i /= lh)r

r solut, l// - ., ud

'( l r )

Fornfyst* . lecb|} t$,dnsos
0-d)-LisDegrqbrerho

B + HrO =Bt l '  + oH

The bale dn$.iarion .onnn!,th.1s giEn by rhe equariotr

t3|  i tor i  I
"  tBl

db =.1?r l l  '  a)

rh.\dtEatK.,I u, ftc vrlu( orfi dj5lEiarj.r qnnsr rdL pu ho{ nrcng m kid is fd how isdo6Ly

rt6u[ ih. ltry al lotror'r'calidl-lr1?rt rir{rslrcof'hc

(r /t ( rr0. r me$urcorrheir



*-"i"".x-'"""ljig:liJ.."],i5!J|oFAsoLUT|oNoFA

Tablc. on.n [r Dr vatu.s of aci& md baj*. nEle src d.rn€d $
px. . k(rl/notdn 1
Prr - k(nblnoldn r)

Tn. h€h. he.€lr or,{, {, A", .h. toLo Lhe r3t F or D{,.o. p^r. doa r}eshss 3 b. 4id (or bae)

CONJUGATE ACIIIBASE PAIBS

. con.rr , .A"or ba.e, \1. \  Jsm.ne, ud.R

ng ro ln. equ iftiu
IH'+f i ,O=B+HrOr

'nie eid dhsociariod .onrh! ot BH' is

" 
IBttri.o']

-  
-  

IBI : l
Mur'iltins,q byf! I!l2.7.4lcib,(.(i = tHro,ltoH-l $dis

b otr  rc.J!u,c rh.  pH d s $

I lneDH d 3.dubol n re{Fd Jccf u* i, @tud[e oBodalon cmsborolh. {ed ddrc]lE

Ennp|g'cal tU' , t lh.pHnr3|00
ror dch r. = t.5t , r0+motdn \

IH:o.1tc:H?co:-  l

fte corc.ordid3, iHro't al lcrH?cor le.qu,r.
Tn. cd.mrd'm lcrH?co:Hl h v4 ridc tes rbd L 00 r
rhe dese of iooisa o! is sm,n, 1h. apDbxihlrjo,
IcrH,CO,Hl = t00 .

tHroi  I  = t5rx lo j t Io0r l0- :

tHro. l  .  r .39r l0 4motdrnn



How v,rid ws rbe apporinarid tcaH,colHt = 1.00 x L0 ,noldn r?

tHrO'l = 1.39 x l0'moldnr' (rDpbiinately)

tqH4olrl = O.0o! l0 '?) (3.39 r l0-1= 0.96 x lo-,noldn-r
ns.alculnio$ r n4 value ol pH - 3.42 n

obbin.d. This is ln. !d. a! in rh. ln$ cNc md shows tbd rh. apprdimrio
ws jusdr|dl. Foi no! v.,I {ids fd b$$i th. appoximtiotr cm b. sdely

...otu|acahutati alo E!n!r. A $lurim of djn.lhyl,Djb. of cdmrErioo l.mr lo-,moldn-J
dtsdtuMntltM h,s a pH ol ?.61 rt 25 "C. Crlculare (a) rb. dissciaiion @nner of $c bas. dd
.t pH dosataiTdd {b)lhcd.cr.ordrssci ion.

rdrod Thc dirs.i.tion ol rhc bdsc cb b. rcpG.nred by

(cH:):r.IH + H:o + (cs:),NH". + oH

pH = 7.64, pOH - rdo - ?,64 - 6.36 ar 25'C

loH - I = dtilg( 6.36) = 437 x r0 'noldn 
l

.r.h = (a37 x r0'),/(r.00 x 104) = r.9l r l0 nnoldm r

trm th. Onwald Djlutio l.aq if d = d.gc ol disr@iarion

/?,cl-cH:-ci. i- H cq c

l .9 l  x l0 i I= a:x l .o0x l0- :

DeE.. of dissd.rid

c=4.37tt0 '

TS AFFEC-r 
'-HE 

S-IRENG

IIX i3 nore el€donegariE $a.5.3] ihan calboq lhc &id xCH:co:E ir i sbser
lcid rhd cH3corH. Ai dmpL n chiorcdhanoic ri4 crcH,co/r, vhich ir

. Tte cn|diie iucteus in rhe aoioo
crcH:co: drds rhc eL.bns id rhe cl-c bond, u$tins !h. chss. b bc
spmd dnNgh rhe miotr nore dra it n in cH:co, :

2.9 r
\. I



, " i .1 H.c ii 

'

$c*cf ofo'on acaplo. (r qokc. bxnj 
'hu 

cr{,col

cHrcorH r  3;  r0
crcH.co.H r4 x r0

co: group' cHr m,res tr a nloncg bse (i
bdrtr proron acFp'ot and n,t s cHrcqH a y€aks afld rhrn HcozH.

p x n subdrcn r.r ryJrdF in Eerhytamtne,

cHr, *bd ncfs. rhe Nrtl$ity oaeledrons at the nnrosen arom, mrcase rs
po*d to rnrad DrotDr. i c , i* b6ici'y. Ious Jimdrhyladirc. (cHtrMr is {
ironEs ba* rbm nethylmine vrl

(CH.).NH5e,10' . . rd- .

Asoup (e.g. cl ) *hEh is norc clcdronqaliyc than crbon n treKnb€d as hrung
a nqdiv{ iDducLjrc {jret (r I efeo. A grory *hich r mr d{bposnive diai
crbon is srd ro have a positive indudiv€ ( + D e,rsr. tnducive ell*r ee pdnHdr

G) rm! r0 ,nddn dhaoor &id (px, .4.?6)
o) 0roodddm ,ndhsoc acid(P{. = r.r)

k) A $rurbtrd:00mddn

o) 
^rcbrhdroooddo 

i iodn(!  * idhd spuof

k) A Fdln d i00 r r0 nreLdn

o) A srr6io. i00x xr  ,nodn , lc:H.)rNts hs !

r cir qpc$rc^ fq,hc dnechnd @skd.4. oi

'tscLo.(!q) G nroig eid)
14 3@x r0 .tur{i rNo.(4)
la r l i  0 Ndn - \ !oH(4)
r)  r00 !  r0 no{ i .c!oJ0:hq)



lrions m s.rk @id. or vak bases. The ions
o/ k* ,,sx . a( of a diltsed! olou lron ibe undisso.ia&d frolaul.s. Lftous h r wcd: &id,

._ IHro.Ir l

ln eid sluriotr, tHro'l is r'jen, Dd H3o. ions combin. wirh L iorsbrom
HL molcule\ shich de En. In atktjne soturioi, HrO ions &e movcd ro 106

*.eacr yirh oH ioB!otomL ions, *hich
@ blue:

nen nbt atu, drn hn, HL + og = L- + Hzo

tHLt tr t.+. indr"b' 
"ppeds 

prryk sin,.

fH'o ' l  = {  
-'  'E I

Inro'l - Il.
mdpH=px"

...flet.hary..ohn Irlne rdio tHLl/tL- l> l0/l, lne s
o|.trntuafpH... IHLl/tr I < Vr0, &c soln.ioi apDlas blD. rhus rihu! chms.s fiom rd 1o

blue os r rmge of hydrosB ion conc.nrdion from

tHro. t  = xdt  r0/r  b Fr,oat = 1(,  t  vro
{hich siv$ a.dF of pH fiom pH 

- e,(! + t b pr = e& - L Tn. ohu
cbens. kj(s pla. ovd , rmsc dr sbor lpH unfts.

Tne indiEd netn/ dmse h a wak bae, rhich can bc ipe*nrd ,s B
lFisle12.101:

. . .M.kl  dahs. B +H3O'+BH" + H'O

The noleotcs B e. y.Iow. dd 6e {iions BH ! e i.d rt rhe nrio
tBl/tBH' I > r0/r, tb. indicdd aep.fs Fo{i if dr. ndo < 1/r0. !h. idicaror
.pps i.d, Tle iidicaror .hdB6 nom yeno* b rn ds dre nng. or pH sivei
by px! + l b pi:h. 1. i'e'',pH uils 

^i 
a pH .qu,] to p7(h, lh. nljo

tBt/ tB'r" I  = r .dd!h. i t rd icaror isorsngc.

c cod-poinr in scid base lnmrions, ir is n4ssary
''ng' durn3'\" .,'rof i r.'s.'o-

0.100motdm r hydrmhtonc &id vitb
0.roomordm I sodiud hydrcide soltrriod. AL rhe b€gimins of.he rhdion

IH3O"l  = r .co x I0-rnoldm-Jr pH = 1.00



r
l}lr.n 240smi or sodiun hydionde harc bd add.d

lHro' I - 
(l.0cnr of 0.t00noldn r{id)/(4e.0.f3 of solutjo,)

IHrO I - 0.0 r 10 r x 0.100r14e.0 x l0 r) = 2.04: r0 rmoldn l

simirar cd.urarion! haw bcn .nplord b giw at the pH varc ptor@,n
Figlro r2.3(a). rhe rrgr sho$ now pn 

'ri6 
dfing rh. coun. orthe rirBr'd.

{ .Qmsiio4ch€kpoid l2El

'd

pH chang$ npidly lon I 5 d 24.9m3 of slk l ro 10.5 ar l5.t cnr or'tkJi Ary
iidicaror whi.h .hus.. .olour ovtr lne luge of pH I 5 ro t0.5 !u oc uso ro
sbdw rhc cnd-poioi or rhc riration.



rihi.d wnn sodim hydbxide sluriotr. Ar rb.
b.linniig ot the !it&oi, 25.0 cm' or o,loonoldn { dnmoic &id h!v. a pH srn

rHro* F - {.rcHrcorHl

rl|om 20.0 cmr ol dkali hrw bq rdded

ICH3CO:H1 = 5.0mr x0loonoldm rl45.0.ml

IcHjco: I = 20.0cdr x0loomoldn 3/45.0dr

[H,O' , ]  =

pH " pr(. -le(5.0P0.0) - 5.3s

FigrE 12.3(b). sinild orcur4io6 d dre oue ofrhe rirntioo of the w* ba*
,lm6ni1 wi'll a shnc 

'.id 
m sham jn FtuE 12.3(cl. You sn s in Fis@ r2.3(b)

rhal rhe pH chrlg6 fton 5 b 10.5 mlidiy o! rh. airoinr. rndicaroE which
chu& in !hi, Ecion e lihus and phholphrh"reii. li FEU€ rr.Ec), you en ee
rbd fie pH cbsreB mprdry r]m r b 7 aL the end-poinr. rndicabn rhich caD bc
uFd aF nethyl on.!p ad libu. PhdolFh&aldn 6nor hc ued in rho .nnftn
oto vak bsc 6 it oh.nce !t pH 9,

h 6. rirniio' ofa wok add dd I sst bN. a ft€rion cuft tire rhrr i'
Figre 12.3(d) is obbin.d.-rh.chmccjn pH ar rhc end-poini is s6d!a|.nd indiebs

of 6n dirrdly ir ro tiroc rhe war acid ,sriD$ ! srodg ba.. dd ftE west bse



Nr:cor1a4 r nd(rq) _ NlHcor(rq) r Ntrc(4)
Narico,(rd Hcr(aq) r Nac(aq) + H?ol) | cortf)

$d!m.Jb'itmd$d[nhydorideoi$djunulbmlemd$diunh)drcg,F

^n.uni 
or Hct n!$ed ro conym cor. ro Hcoi

Amoonrofcor? = 125 x r0 iiDl

.  1r :5:  l0 1t(x0,  10 )

: , ; i ' ' ' "  - ' " ' . " ""^

con.ardion or Hcos _ (6.00 x 10 1)t(r50: r0 )mordm .

r5e.mt 1: t :o s drun

,h,  , . . , .  . . .  
" ;  

, , ,  *"

r.dd r! lum dr iidicdtr trbe cddlft lb. oDentmriod of sdjln h)drcrjde

oH (atl + H'(aq) r Hro(l)

coi: (aq) + Ha(aql 
- Hcor (aq)



(6) 12.5cd or&id vdc n.d.d rd 6. 3@nd d'se:
Hcor (!q) + H'(aq) + co,(s) + Hroo)
aroNr ofHclu$d = 12.5 x 10 r x 0.100 - 1.15 x l0 3ml

Iir ir.quilb rh. amoun' oIHCO, rom.d n 
'rrfts. 

iLge. LhLr B equsl ro

ICqa I = l.2r x r0i(25.0x l0 !) = 0.0500noldnr
volmeolHclneed.dbyNaOH = 30.00 12.50 = 17.50.m3
Anomi ofNaOH in 25.00n' - 17.50 t r0 r x 0.l00rot

tNaoHl = 1.75 x l0 1(25.0 x r0r) = 0.07c{moldn l

Th. concdlFlioo. e [Na2co3] = 0 050ndrdm r

IN,oHt = 0.0?0noldm'

rots €n bensd b shoM in Fisue 12. r0.
Univ.elhdi.arorkaniiuEof s.nlibdi. oB.

Th2 entur@e alu hdicabs de no! ![. odly m@3 of folo]ing a chmg. in pH. Duing rhc.otrrk
lti,t thonqa danns 6e of a rirdio, of hydchldic eid by sodiun nrddride, hydqeo iom re rcnov.d

ou& aIa tilntint fdn $lutioi 10 rom ioled.s or vacr md e. rcpl{cd by sodim ioi!. Aft.r
minu*i hydroiide ions accunularc. since

hydrols ion! hdvc i l$dd vale ol mol& condudivity rhh fy orhE ;om, .he

Fi8rrc 12. r l(b). A! appmrus {hicrr courd bc u$d tor .oflrudiMic iihr{n h
ihown in Fig@ 121 1(al. IFor pobntiomric rir{rio!, se g rr.2 2.t

*,m !E

U
E*



a
Pa

I2.?.II MOLAN CONOUCTIVITY OF THF HYDROGEN ION

The v.lde drrolar conddiviry d intmi!. diturion,,1o, ro dr. hydDgd i6 is
ft. *ptd,do tie i, .h. h\dro€eo botr{rns or

rdq nol4lh3 l9l - J . S'ne mg . hrin or mk' f,ohcle. sF hnr.d b) hydrog.n
bondsIwFsml2.lqihhydngenioncn!.6in6lhcbondingrnangem. ar

.l botrds cm r,I. pl,.c io *l.ae a bydogen
jon .! th. o!h* dd ol the chaio. Tb*. chrgss cm rak. plc vEy nrch ndr
ouicklv rhm rhc mov.mdr of o id.



i isx! . t0 lmoldnl 'AtpE,dcd'ei8F[ov.d

ByDc6oladbgd,dlhii 'h'phsolph'r'erlini'

3'srlth'hechashpgsd@4[dun4ftfultid
d'qeq!8DD@iiobhidrddnon.addor!h.sm.

-o€-
i-"....i::n '

lr- 
-H

'at 
HrO .! heoEin8 bond.d @ oo. ho of r c0m or vds Dolexle,

(r) HrO'i5 Rl6.d d de dh6 .nd oI fte chdo

4 r& quslio, ftrds 
'o 

FisN r2.3(.), { r1.r.e Rdd b
d, wlH 4rnd6 ii ! D.7e r1e64

x,ocnJof0'm06oldn-h,n.dh|d.kidlhc|ondig

(d) 24.5.nr, (r) a.ror, (.) ?19cmr, (d) 25 r mr,
(.) 25.J.m' cdt rd sd vhdho ]or r6db i, 6.

i a r 0003 smch of I nixrur ofN,rcorGihrlo*) @d

bdi.doi,,jdlof0,00m'dn]hidrcch|oic&id

6 Eiprsh !r,. hhfi v,rue of^i ofrhe oH ion. R.rs ro

H
I



.1 h{llq,,hthr bv^ A buner sorltion n oieshi.h qiu resd chds$in pts dueroth. ddhioD orsnun
\n'dt 

'hoon: 
aI t] '\aq) live bufd .m bc hnde by prcprnne a $luti(D

otd oH t.aq) rthrlt t o onc or iis Mr.s pirh i rrong 6as. e.s ,
I dounts of hrdrogetr

r{ i{,tu ro rorD Dot..uL*ofdhrnoi. kid:
cl{rco, + H.O' = cr{3CO:H 

- 
Hro

nydronde iois fc !bso6.d (h sial anou,b) by conbiniis wih dhanoi. !!jd

oH + cHrco,H=cHrco: + H.o

^ 
sorudon ol. ftit base and oi{ ofi6 exs forned $,i$ a nrong add, . s,, rEnonia

] l rc ldabulr t r I rhydidsnio6ftdd.n.

Tre lDrbb|th, o1 a .onbine qi{h mmonium ions:

a tuIu otl + NHr' +NHr + Hlo

( = !r!t lL{ !

rr.o- r = 
^ 

laAl
l \  I

DH = D.r  +bl l  !'  '  - t I^ |

since rhe sal is comphrcry jonised md rhe dd .nlr stjshdy ionis.d. !c !o ANre

"H="r( ,btr l r l'  '  _L{.  d l

ntd, |pHv.Lu$f|n|yc|oseiop]( '

Dndnr ratr wrh i *rcng acid Bnrx

InH-l toH I
''" tBl

"., *".,liil
pH = p(* p'(" * Ls 

nnl rlll



IB] =

IBH'

he'. (.) rh€ sorurioos conrain.rhroi. aid (r{. = 1.30 x r0 rnordn 1
ol r mdcmtarion 0.Lomoldm-3 od rodim erbmoe at a coredrtio.
(a)o.lonoldn r, (6)o.2omoldmi, G)0.50moldm 3, Calcul.& !h.pH valb3 of

bcc iE oily slish{y idii.n, r. cd put

I

In $lnrion (b) pH - 4.75 + rg(0.20l0.10)

- 4.15 + tsz0

Idslndon(.) pH = a.?5+lg(0.50/0.10)

fte pn vd!* 4 (a) 4.?5, (t) 5.05, (c) 5.a5

t. $bdoo (a) @bi6 o.loaioldn 'ts6im cl ondc
Eb'idq. sdro'id (r).mtils alo0mldm r smonih

rddilimofl,oofrrof]'00noldarhy&dofur.db
r.00d orsobrion (a) chdgA ih pF 

'o 
3, bur 6. rm.

r€tur bu var hI. .fu od 6. pE of sohdoD (r).

t 6ua trooroldm r elu'ioi ordjm.hndhq
(crJNB, lhd would Fu tr.d io od.r rd pnpr. r

rddnion or (,) hydq{ io. dd (r) hy&ord. iodi

- ' fudtdid,cH'cozlr ,bupl i .=4'631rumto tr'. rddidd or 50.dr oroBonord rNios(4)
ro G) 5ocrr ofo$onortu lcxrcoJiGq), (r) {.b,
of o.oeEddr,cH,co,HGq).

'6whtis'he!Hof.soludoilhr.hsbai@eftdby



solurions. The* ndiois ic desdrred rs

cor: (rq)+Hroo)+oH (rq) + Hcor (',t)

-rse 
HCOi- is a qerke. brse rhm corl

Hco. GO + Hro(i) + H:cor(aq) + oH (aq)

o.hq bbic arions arc s, , Hs .cN ,cH.cor aod lhe mions ormm), ortkr

Th. hydnrlsis of a s& or ! w(k b
arion of hytlFseo iotrsl

N4 (?q) + H:o(l)+NHrlaq) + Hro (iq)

veied in { 19.2.4, ad rnnsirrn nq4 s4$ m

G) 0r0nddn I M'noniu'n .hlorid!
(r) olooddn : ndbihnnorin lhbdd!
r.) 0mnddn . Fb$un qlorr
l/) 0r0nord sdium mdhiio4.

P|o./'th{rcLned$diuniydtorid.so|l.id,4ain

k) $c Pq d ft 4ui!rr. pohr
(l) $! rq{danon n nddm

5rururd sio!on orrickelol) surnhidc il ir conhd $irh so[d nickcr0t) sulphide,

Nis(s)=N; ' ( rq)+sr (aq)
'ne prcdudof rh. cod.ctrrdioDs.n
pnhd (r,,) ornicker(rr) s'lphid.

q = INi .  l ts .  1

olhcaPFpidcl)o{f ls ' I 'seehsoi ly l ]
spiriqrr sorubrc:dr For rcad(rr) hydrcxide, pb(on),



sorubir y prcdrct for.arciM $rphab d

of PbF: ir 0.64gdm

.adetu ril, Tn solubililyolasain*pEsedinva oswaysI{9.u.Thcyitulrd.rhcnas
of 3olue dkolvld in I dd' of soltrlon and rh. anouot/mor of $lut in r dnr of

. retdomhip belwetr $tubilny nd solubiliq
prcduci cm be sq in lhe folloving qdples

EEmPrc (!) civm rhar the
:5'C = 2.4x r0 5mol?dn_6,

x.p = tct'ttso,!I= Icrl'r
lctr"l - !r.(, - Jllxr0-

= 4.9 x t0-3moldm-3

lGso. l= [cs: . ]= 49x l0 rnordm r

Tte solubiljty ofcosol is 4.9 x I0-

EEnd. (.) lrft solubiliry

sorubrriy of PbF: = 0.64sdn-, = 0.64/245mordm 3

= 2.6r x t0 rnoldn :

Irb,+t - 2.6r x r0 rnordn l

tF- l  = 2x r .6 l ,  rorDordf 3

x.e - tPb-ltF r - 4G.61: r0 r)r = 7.r r ro4norrdm ,

. slubilny pmdud is exp6$d is dr. result of

12.7.16 'THE COMMO |oN €FFECT

A sbr{ed $ludon of a elt MA n in ontad wi$ $[d MA.

MA(s)=M?'(aq) + a? (!q)

x"" = IM*I^. 1
Ir ! soltrrion conraidins M?'ions n dd.d, IM! I is ircrcased. Evm *h.n ihe ions

mrions, tu sollbiliu produd. &!, renain, 6e
sme.sorhdln.prcd@'lM:'llA? 13hal nor erc*d &r, M" ioos vin b€ lmovd

fiid of a solulion ootaidns Mrl ions vil
rheftfoE Esut itr rb. pEipirrtion of solid MA. The {ddirioi of ! solurion @nrainins
Al ions Mn bav. rhc sm. dld. -rhc p€itibtidn or a solute frcn sorubon d
,ddiiion of h el€.to\r elurim *hich ha m ion id cofnoi vjlh rhe robr n
m .xuDle of lhe con@n nn .net



dLd r rtr .hlisc in rhs con.eftsrjon of
nns prodrced br- rhe dn$.iarion or s vcik rdd n rhe prcscdce of i soturiotr dr
on. or 15 ions. lse bdirr \nuioN, ! r2 r r 2.l

Er.dpr. (c) circurar lh. $tubilny orheg0se(D sulphidc (a) in ra@ atrdi  souoi  ^ ia pt ldt  on 
^. . tMns) 

n

tMnr F = 2.5 i r0 nDoPdm 6

lMni t = 5.0 x r0 hddn ,

tMrsl - 5.0 x L0 'nordn r

(r) The coocenfario. or s, ions duc r. dissolved Nrds cs bc neglded in
.orio*i\dn wnb r 0 ! l0 :notdm l

tsr I = 1.0 r l0 :noldn l

xT = IMor ' l {1.0 {  l0 r)

tMd, ' l  = r5 !  10 , , ( ' .0 !  r0 r)

INI is l  = 
'5 

x r0 , 'mordn l

c.nFmson or rh. rcsuhs df (.) md O) shoq rbd rhc y,tubiri.y of Mis hlr bes
rcdr.d hl3 fadqof50 x 10r by thc p.cslDcc ot 1.0 x t0

siLvq lhlondc n pr.ipnrid.-rhe ndi.dor Frasrn .hrom!& giv$ I rd pripiide
l is *kiliatrhd silvn.hroEirdo* tror

soluhilil] Drodu.r tuex,,(^scD = I

^.,i(A€,cior) 
= 24 r l0 rrmoPdm !

lAgalin {quitibnumd'h solid Aect = | I i t0 rfotdE r (sec

l^g l'n cquirrbiuh lnh sotid 
^g:crol 

= I ? I r0 lmordfi r (se

silver .hroridc rhs€fore prcdpnd6 I

schems fordre qu arive r'3tlsn ormixrurcs ofions emplo) mdhods or spfdins

Foi *lmrLq lhea hydmchlori. dd r rdd{d b a soluriad ..daining r dunb{ of
mdrr carions, ody ndll chlotdcs rnh bs solubihr producb h FEipirded



rh! rE iidi'n rI

IAg. l  = 
'  

r :  
'0 

'nordn '

.1. {,,rcnso,) = :0r xr indrdn 'n5 c crqbl!

5. r..(&dr = 1r! r hnd:dn d.
x,.(aer) = 3r: [ 'Dd:dn .

l 'onl4Bhbd\ulhcun!&,, ] /4]^ds,d,Jr
z/ql Nio! srcc ssko!$10'ini6€ brn 9,!i/ '

ir..(t's) = 6' N '". {-iFcs) = 6i r0 Llno'dn !

coqprri ions m romld bI rhe conbimlon of a .arion *irh r nodrrl n.h.uh (or
nokcuhtoraD opposirl) cha4edion(oriont coor{inat boid'nei!n'volved
t{4.61 EumplesaretA(H:o)^1'i .taso.,rH.):l .lcuclr andl^r(oH),r

rtrac)xoozidrc ions. tzr(cN)rl:
7nr'(!q) + lcN (aq) = zn(cN)1. (iq)

_ 
IznicN)., l

' I lte unns rc (conlotltlotr)ri(con.entdLon). ic nbLrdm r:

\s {(hcdk t{24 rrl rrrssmpr.rsxr $

so|U' io in,Lhn]11l f t | ] rboxrrgoupsleionNdis

( orccHr):Ncrr:cnzN(clrrcor )l

hLing Lirttal If t.ioclrod. Black T s nrd



oidl, rhe bluc colo$ orrhc f.ce mdi.dor is

rldi idjcdor kcd) + cdu : rltcrJ cdir + l i.xror thluq

Nd bi akrm rd n4resium ioi!. Bdh
) ttked *Mvk ll

I tnocb.o,n. Bt@kT A lotum! t tocmr or
ario d Find rhe .on.dr1lion o, cal.iun and

mphH bd€ 6e rornuh. cr(cnk) md
MgGdta).

Amoum orcrr '  + Mgra =15r10 ldot

lca:al+ tMdat = r50 r  
'0 

.1100 x r0 1

nt [h.$hhL4dPbqhv!$d{frA!n6!addibn

lr) rlrdd.ioiohqNosinnonbb4eorn4rclln
N0h.3i*sr \hkprcophEPhthcI [bhj i

k) rhc $hr Lily ProdNL dcds ud os &

rcrlros oi(r)G- bc odri ddr dcN io's,
(itcn ioisrndoqe$dcN

(r) a iLrbtr d F.cLi r tdbv 
^ddnb^ 

oi innooiD

d d€ 610\ 4 n $o*e!\ dn$rcd i vr{:
k) EoG).1,lNs.(3), O csjco,ts(r), (r) ciH,Nttr(r.

($ih ii qulbr) for 44 spqrcs b irs'a! 61lriql

Ps$d D qdo b y e d 5@cmi (er slP) or d*{

t 'oscniotk)  |  onordE i
htdrcdbdc {rd.o) ronddD ! $hh!.! !cjd.
1!) r 0ndd0, di. io. aud (p{. = 4-).

7 k) Eipiff vhi r 4Eos $to'6!oroiiqii lm

rr) Exphi ! i! i  n;rrc d i Daoiim db'ide .ud

ird dr runbci dhis o, duF @ c,trdd ana

, { u@r dw nin!:cduLa
thr rduDe lr ' np) d hrdqd qdlcd



lNqorn.$Lnion.@pEnr)sphres\iroird
r.dr.rcd duoo lnlrn) Nrphd! sh'6i 

^tq 
I cwnr

!, dr h$s d@mei d{d ai i! d( &ao^d d
(.) trrlotooi(arir)do\4.'ddwdd'tu$o qr
(i4 dE frr$ orch@nrD dlNili r rtu dnd ydrndq

ofllpFrdr) sLpMr &F{d | }5 e d@pF . od {nr

4!cossnno relah re efnc d k) dide
bjdrdhbrc add, o) orcdnied hrdtu.bbnc eid a (.J

(r) h1serd*pc d, ih€ dddatsldudryil !s

(.) h rtu dtd qrennhr rtu ropsruE of r[. rlid yd

r4 
^s.Drrd6!orlquoL!anmoDro.mnddo 

)

saph bso!rcqhLr (lihoddo4ddicd€.ubriors)

rioi (f,h(Nsr) = r I I r0 !d'ordh l:

(u) cd{ rc re nohr loNadBroD d hydrcei nii! i

Apprcjui€ atr rx ri(rd \rh trn^d{d rb[ 
^ 

! 0qr,

r) (i) Hop lao rq, lrpun ft dffcoe eMo, rhe Llo
r6ft yo! Mro[r{ud d(D (]r)udt f

16, (4) sh'!!bs$siprsd0 ino dn r ururoNof

( ) rHicr. ti iJ \cL. o t orico:Na
(rl 1 ) D$N &d *o,i rhr @(+r d,rrilo,rrd( I

Alcr{Br*r,b,,qFnDe d*phhrheb;iof

(ID s6r,8iii!a ru!^, ehdis ri! $ uhril or^ecr h

() r*{n& rh. qDdrc iod boDdi! D r d;noid 6srr

(d) (n sbk rhc Edo orid oord6sho!^byri!e€ndr

(o sai, siing dupLs. hor rb 4hrE \ui&y orrh*e
oiiddb! trs h (4(i) !turys s dc soup r 65d&d
(,t c,r ! r$or .d rhr l{nd rou d$@r m (4(it a6oE

(wiEc e0

D. (4) (i) sund! rh. B66d LoNry thlory or{ids

(i) slk\blhotutu6 i$ n!n4uoreruno Lioleny

ld(s.oD,,crr ico, ,GrMi.N4a,cor, ,

(jji) crr 4. qanrh h qrr.$ orrdalr4i4, (

o) wtu do'n th r{o e! .qdlbns vhih njgh 6e $1 qp
trdnhydrcBdha@caodaldaihydrouh}nE$lluodde

(r-(cHrco.H)- | 3x io ,nordn i;

,((rrl = 56. L0 ,0o dn 1
(.) cdahr thc pH ordr 4Eo3 sor'rtuo LodaruE

r{ i r0 lDddt i { !df i r f tDl toduddyftLr*,

ddDe'ip'roydis$|toomdL]hFlhhouFuml.
$rr 

^ 
rmd(rDhlirc\id!. puos),. fron rhc sr soDed

(wrtsc{)



hcn{!ercldlhusA'he4lunoi!e]dvs!ddd|

i1,:il,l":il ';iii"*-*."'**'**-"
lD i lnr dolo !j qFdo^ 6. rh! !! id di$o, . i j

( o croftr ir q r d 
^1 

hr dbsnoic lqd d ,s k

(4 Fq no( r€r !ods. idrliotr is !! idditrni!

,&E\, n' I kmFFtutrrr ru."ru nr.;o d!ad

t';NGBFDIENTS CAFAONATED

tr : s": tr,s.rd.--p, r",s.,h",,,,..
dr . l iqr i .  o r  l rh 614! d\ : , . ,  6 h(!nd.diqiolkr i iq^ i i ! jGni | \ i f ia&Aldi-

' i ,sh. , ,b"_r"h d. ,  d.F" r . ; ; " ! " - -
' , *"b-d,o.d".kF' ' , .he*d-f ld. , , -
!$,k ioq rc!  ! iuu,cmnto{n }  dbbih

(i i)de6[oreydujftLud
(1, rhe iss'h{r you {oid n,ru

tFnr (.I !! .kp€. ! i ir lr l 5< ci!N. D l
(L(N)' 

^s)

l'r ii"il ;lllii,:i:;jit.-i:tl.:,j:ili,*:i iiiij :r"
. ' . . . , ' ,  | . ' .  

' ] ; :

1?'i;1"""","."''""*'''.*..,'-*"."'
J,Hlll :Ji j';.'ilii";':i;".:.1';"",,i;ltlt*:li,

r i . {  tudhabcactdtr  r  s i  io,hddD i
lJ l i i )x '00(nlo.orchhjdre! i4.F! t r

lJl y,'il.;:; r.it"i,i,*t,,J; "i,i:; i";iitii,:l:f .,'
(rit Errbrrhidrtr ruoq lidretr 6c* r{! cdr
l rq l r )schqkB.J (oei ,s)

WA]ER, CIIRIC ACID, FLAVOUFING.
ACID TY REGULATOR: SODIIIM
CITFATEJ ANTIFICIAL SWEETENER]
ASFARIAII,4E, PBESERVAT]VE:
SOD]UM BENZOAT€J STA8ILIZER:

t:y:-

Bn onq - H:o0) = Hio14) + Hco, (q)

(l) cinnoronrk!rus6oradod!acid*!o&id.



I

13
OXIDATION_REDUCTION

EOUILIBRIA

't3. I

M(:)rMr ' ( rq)+2e

M. (rq) + 2r 
- M(s)

the ettt,tu tde tot,it dsi'ivery ch4ed. ric pdmdrL dineErce

nqdiE on lbr coDc€rlrarj.n ot (he Dns inyolved ii l[c cqujlib.iun d rh. mdal sdre

rnd copps(r),,lprraE m sprxren

znG)-zn"(aq)-n.
cu! (aq) 

' 
2. r cu(s)

.l&hdc kr5 flov rhrcush th. psNs p,nnnr

ztrG) + ctr:r(aqr, zd:-leq) + cuc)

cdl Tlir ut{dmmdNc force Goo of rhc cdl
Idsb' loqihroqblhl '&(a|cr$nUMd

ELECTFOOE POTENTIALS

io6 aid r doud orddd.sliut riJs$ dEtrons
l\6.1.11 lfr $ripormdalr ph€d i



Br .odyc i.!. drc cof. r. n hkd to !d rom leat b righr rb6'€h r[c.dL ]s

2.. '=lRgs. ' . . . ' "d.-,U8. ' . . . ." ! .

trlons irc fldving rion lefi ro nchl rlrougtr
recxGmrrorcur tin Figurc 1r r. r.om zn ro ctr I. rhc flo$ ofq,nrori,nal ekdriciry

(p.sjrivc ehd.nr') j5 lbrefoF fron ishl r, Ln though rhe e{dml .ircuir (.on

znG) zosol(aq): cusor(.q) c(t

dtr r]]6c sodard condilons r rhc shidrrd

! soturior of ils i@r d 15 .c. ihen ns pormri3t yiu be
vdwsre,R 

-  +034v." j  = 0%v
Tb.rLrndq!j[ rhs ngiio D c

ra crrLn coDirudcd rom a shdud eGcrode (i., o.! ofknowo pdcmrl) 3rd

hnd ihe uokno$! er.drodc pob(n



Tte dmdrnd hldrog.n dc!.d. h !h. retercncc elerode *ih *hich ollcr elerod.s
are ompded. Ii .dsisii or a plrrinised plarinuir el*rode ilm{s€ i! I roldiotr
or I boldr I hrdrcsa ions. HydrsE gas d ! pr.$@ of I e iibubbld .v*
the pldtinun clerod.. [FiglG l].2.1 On rhe $rlace ofln. platnu, .{ui[bdu n

.H"ls) + rH,o0) + rHro'(lq) + r.

A potoril develops oo Lte sudc of rhc platinum. i1 h a$igned . hl@ of z@

l
l

. . .E? fo mrtt Th. .udaid ddod. potuthls or osft 3yshs cm b€ fouid by dtiniu rhd
eL.trcd..at b. [ood b) vin r dbddd hrdDgrn clstude ad n.$ujDs rh..mr of &. c.ll tom.d, A

Mhituiat vi'' o volr&: ccll whbh .oEbh6 . sledud zift .leb.de qd 3 dudsd hrdrcsen
',arr'oir'tlr4a clerod. L \'M in Fisu'.lr l



Toc rwo mmefln. s in lnl 
'iBure 

.mitrdedbyrsxe g. rhB ontrs
oride, vbrch conduds darnciq bul dds not

'Irte voxmdd shows rhar d.drors no\ $roueL rhe dim,l.ncDir riom zinc io
( ziic h.5 a nrndrd elecrode rorori,t of

mairk;;s . nrcam orhydrogd d r alE rak* carcful nm'gem.d. Amlnd srdiud
ddrode h rhc.,rodd elerode. cstoncL k r nmd rd! mcQry(r) chlodde *re
m{cu4 Ld sohd mdcurrtr) .bbnde aE borh in comad *nh I solfiion ot chloride

xercl.(s)+ 2. = 2Hg0 + 2ct (rq)

n sd up lrrc d(rodc porilid ol rhn syn.d depedds on rhe conc flrarion of

sortrtion sxrurdcd by h.viq sone undksotv{d potd$iun chhnde prcsdr The
por,r of a sdu$red cdond dEhde at 25.c is + 0.244v. o.F rhe electode
pordjar har b{{n d.hined by nersunng rhe emt ot a ftn compo$d of r sdtrrdrd
c,romel el(rode md I $mdad hydrosctr chdrodq rhc calond et.drode.m b.

r (a$mnr ISe Fieurt 1r - !

z( t -zn-(aq)+2e

zin. is xdiis a! a Educing igmr. suppLyins dedrds. oxidatioHeducrioi sydems
rheir ions xho have ekdrode pordrirls. rf !

n ao acidic soluiion of mrtreaidc(vo) rns, rh.

i \ r ioa r ,q)  + 3H ( !4+n =Md*trqr+4H,o\)



Nm, jch $ereror b-ons posirivdt

' '  
{4dnd d! . | 'd l  !4clr i r \

o rddnL+,e =R.dd!LM(

T]rc nlndrd el(rodc rornllatr qu

!  (4)+e 
-- iHr(g)

c poieDrixt oxjdislng !ccd\ have high posiiiE
Rcduciis asenh. sudr $ ndrts,lnvc htst ), icsdjvc

sed in order ofrhen *andad dccrode poGniiah.

sD! (iq) r 2c =sn, (aq)

Mdr,(5) +rH Gq)
+b. 

- :cfa(rqr:  
] | t .o r l

ce"( iq)-  e =cc'(41iD H:sor(aq))
Pbo:(s) + lHa(4 +:e 

-Pbl(aq) 
| 2H1O0)

NGo. CO + 3II'(xq)- ie + M;, (xq) + 4!r?o )
ccr( iq)  + e +cer ' (4)( in HNo114))
H)o:(nt) | 2H+(aq) + 3e 

-:IrO0)



cu'(rq)+2e =cuGl:  r .  = +ol tv
Ae (4) r .  +^s(s) i  ,e= 1030v

ag (aq)+c 
-AgG),  r i= +0r0v

rour cu(s) + zAs Gql;ctr2 ({q)+tAs15)!  ,o = +0.46v
r .or l l iuns.o .nnc u, . ,  ce, .  r

Fc'(xq) +c : t ie ia(aq).  ,3= +0.77v
c. ' r ( l 'o + c +ce, ' (aq) i  r . ' -  +1.a5!,

cc*(aq)+Fc'(aq)rcc!( lq) ,  Fc.  (4;  ! .  = +06sv

M" (xq) 
'tu 

: Mls)

cu' ' ( rq)+2r =cuc)

Tb|u| t0|^6!xgiEnby

rG- = 2xn6500!(  031)

As(r A! (eq. rDddo i) rcurGq.Inddn ) c(,
k) sk€$;tnronhcei Rcftrbrsbk I r.

' |  
N. ' !  he{N m turde ! t rnu r !  M d! .dr . \

z. EipL o s. rns t() derldc



kr Fe(r ,zn:  cqr ,Fc:  lq i  z i ( t
O) rc( t  s i  lq)- I t  l4r+sn(!

r r )  s i  tud+, Gqr ,sr" ixq)rr :c)
ir) zdn . NrrlGo- zoi llo Nt!(r)
r . j  z in s i_ l io -  r ;  Gq)+solr
( l  sn-Gd+rFel  Go ,  sr 'nq r : r . .eq)
k) G,o. ' i io r{r  hq)+6.1 [q]  ,

( r )  r .e-( :q)+r& ( !q)  , rcc 1]qr-8, : i t )

rhe pordiar or 
'he 

96s dcr{rL

13.2 POTENTIOMETRY

xr rcid-bNc dr.rid, r lombhdi,n orx gras eldsdc bd r.,rodd dor.d! i5



I42.2 OXIDATION_REDUCTION TI.TRATIONS

A plarinum erdode diDpios itrb &. ildor soruriod me$uB L\. Dot nrid of th.
$rh Th.,$il l.f.F o dnode r,cJood ddLod. f {uE tr.i\,r $os

wuor ol ekdrcdepoknrial duins rh.
cou* of lne du,boi rollow!'h. (u'. lhom D Fipc jir(b).



!e
z

13.3 VOLTAIC GELLS

In g.lvuic or wlt ic cdlq I ch.mical rc&rioD p@db4 d cG.ric culmr.

in solutioN ofrheir ioc s shom i!
Fislc 11.1, $ 13.1. Th. mf ofthc €11 is l.l v.

tn. difli.ulry olekdsryr slurio.le,b.g our
of elk su.h s rh. Ddidl ccll. h dry c.[sj rhe .rtulr1. h nade inlo a prse. An
ample is shoM in Flgure 13.3.

-M'UrcdMio:+tsad.t6
_P6bdNHidG) + nd

Pattabk dD .ek . . . nris type ol cell it used in ndids. fiasbricbt ud clocks ff it is potuble. The mi.
ofrhe ell 3hM in Fisue 13.3 k 1.5V. Th. iniijsl.L.hn. p@6e! d.

. b'reti.s.-. Atud. zr,l) 
- 

zra l.!-) + 2c

c!',or',2NHa'(aq) + 2c r 2NHr@ + 2H:e)



i ,or10.. . r ,  o l
ht bea Kit arco\tato, film o erdor) suLphad Fn$. rhe c

is.hl|glL)N\a.a

PhsolG) + re- : PbG)+ sol. Gtr)

N.cdi\e tub
Pbso4(s) + 2Hro0: Pbo,1s) + 4H'laq) + so.: (lq)+2.

PbG) + so; (*t 
- Pbsol(s) + 2.

P6irv'kk
rpbont +4H.(!q) + sotr laq) | 2e r pbsorG) + lH:oo)

whcn 3I thc Fbor lid Pb rrave b*
olo|cde][!atrmi

rh? Nknr, {k tt(k! Yotr virl i.lice rhd ihe pb prxr i1 1rr

@d /n.,,48€ dGns ch{ige ro pos

j  ' .  rPbso,. .  P u.r .

urdoi cIs Fiicd ; sns b givc b cmf or

rhqc is bo much noppi.e hd nad
'flaf, um t n Echa4€d by dje prs

styol lhc| iqtr id in lhee| ls

,\t!: n or4!\ l.t h!
ntuf orLdrd. rurLtydiygli. r, lhcdlH tsc ripc lr.el. 

^enddc{Lofrcff.h 
i5

p.o,ristds 5.unc ofqss ror rhc turure The
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E
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Ftqbilcncni,r*rrtr\ url!!!(] rr t

+i M! .q) NLtsr
i, .rr r.qi citr (/) cL.le) cL 141

Ld!.  L l  I  !_ i '  r !  $rr  I  r r i ldr , ls ! .
l . ! )<rr |  \ j r r  ]  . i l / i ' ( j : , ] .  r l

I Pr5, r:r5r r 4, \g kqt 1c15)

r ! ! l ! . ( ] . /nqj .u| j

' -Lvo]nql !o 'hq])= ' |00v

H +! tN



(iJ trib+c60dor6@niuh(crnddnhnqrudD

!n iqd]rJFFiF! l f r , ! [ ] ' ( ' ' . . tJ !^\

(o& c,:. 
^s)

DI\$| iBF'br5UiJi i j44o€dlru[ns&'

Hlo + t  4r  cul"r+rH14)

tr) Bri. 
'b 

lquir 6r Lb Ed on

$p, id( ! faFr! . r j  {q dFe F@td!\ho

|qqo(!^qJaf i lJ t r tAiui

(o q)

r1 f tsq!<5 o \ r1ro.6r id.pdo i5!dur

h) i 6nrctn Eh laa@a naktior ) cb.r!tu

i . jU\ndi ' fu5! i ! infupJdl4l ls. . lq lh

Hn!),  cu:  (q)  .c(r  , i r14)

ir) h d! tr dF(lduchrc.i, Dho ss brhlouj

(^EBe0r

t io GwiEqerDr.r6epiq($9r snubrro ! (rd cdor r! iE ndft nf d djr qr th (ir(ir)
(rr skLc. !!ig ! tNn D (dr a!. vir yor word

11li':,i' .*- , .'"'",, "',' ".*."" "".". ",,-'"
lii.liil,iillf - 

*'' "* *** ^."''-

r i "  |  f f i r ,h. , , . . , " r . , t ""€s. ,Fi  *  r

i i i : i t ; l t i , i l i iL ' l 'nar 'om.', !nfud.

l;

="1 _ l  ' "
-t^



(ii, c r ,ir *mprc d rht us ot rndioiaL dnddt! r

(it Du@s oder frd &prG$hs. sorEd qrebtr \trh

lrii l Nlner ornor6 = coosdEtron: vdloc l({rEc r)

u. (4) .r&u rh! o4in d 
'h! 

pd.i'id drtrercoe. t, 
'tu'

o) Fo rhc ddqhln,qi !1rl 4rfrld by th. dl

h H,(O, H Gq) cu: Gd cu(r)

(a rhr bLbfr^E dda. lib lopPr $ rtu po'trs dddi

(trheof,i.or6ectsn6}ihbslct' Gol Pio,x
ssphorta$i"belcn'(aq)l.doosqr d$h
dLv 4rlpdnEo b be tcd (l(' l- u
(t) Md tr rb copp{ En oDadnroi qhi dt ortsr

( ) wn,. rhr 4udDn d rhr rtG oo rhr oEu6 i s! err

({) \!hhrh.dLtnnsarod.eLlfldb! Msrddd

ddgni!seeqll j6'hn!o\h!qr..ohhc@db^

(\') .onDor o! ft Likdrod d s^ Qdi@ osud4

(o& c r. s)



14
REACTION KINETICS

14.1 THE BATE OF REACTION

fi **.{*'.,;,tr#}i:.H*t.xr[$H,fst1i*,,T:;*,H
r, rhc ste.fth. pani.tes of n soud echnr
2. rh. conrorations ot mdanc in slurioo
3. rhe presrs or satuN utunb

i: : ill,h:tll*il [T;:$:] L:luu#:i,,f:,:,Til^. ** ** -

;xi:i::H,:':T:t:r:lTfi f;,:1,,;
cacont +?Icr(aq), co.(s) 

-cactr(a)+ Hro0)

il1i:.ilrhl+#$Hrf i1S,.J.T:r?;..1[i. *n: *".;i:ssr

**l;*$l",:'* ild*t',tti4.#.,{"-.*,*ti,},



- /A&t. .+,Folrc{ id 'd

,I4.'.2 CONCENTRATION

Mrny cb.mic.l r*rioo t,I. pbe i
ter th.3p..d orrh. raction. h lhe Rction h€rtrra sdim rhiosilphat and a.jd,

Nlzszodaq) + 2Hc(aq)+ sG) + so:(d+ 2Nrcl(aq)+ Hroo)

Sodimihio$lphatc Sulphlr

Sulphur rppeB N v.ry snall paiicLs orsolid sup€trdd in lbe $l0tion. A dhad
oriudyingrbcspcedrtwhichsulphurislomedis3hohinFigm 14s Gnphor
EidinEs ofline and lline again$ lne.dc ntid of &iosulphaE tr. shown in

. sboner rhe tine b.fot the dep6ir of sulphur
is dene houch to hide th. cms frod vie*. Thar i., th, sprtd otrhe rcaction is
inv*sly proponional to ln. tir. take

nLhiqo d6rFu

)l



]f 
'bu 

rcF!ftbe expeincm. kepins
varrrng th. coidnrarioD ofscld, vou {ilt nnd rhat

sped ofHdior d cmcnrnron otrcid

bgfto n a oi.srDld $lurion Tne cloe t.sdh* rhey rrc, rh. norc aF,rne ly
cr collide, rhc gndd n ihen .hrne of rcrc|dg

To nudy rli!.ftcd ofallgine rhe lcn
iout.halHcid rerdioi Is FiguF 14 rl

Fism r4.6 sho*s I rjpisr prd or qruA of rb. rtmc kkm fo. irr rtN\ b b
iaruE. A plororIlincrsrmi rnps ure
thc redon as rhe rempnxluE rjss Ise Fiswc

r4.71.rLisrcacrioi soe$pproxihdcr

n.rc rynh I hieher vddiry md m jdc norc tuquedty rnd siih norc I onc ona



a

rakes plae jn suolisht and in rh. prtsen& ol chloropby[. the gretr pj@col in Flan6

6mrG) + 6Hio(l) ' ciH zonad 
- 

6ong)

Pholosynth$is rd!* plxc only in sEn phis. This k hd$s chlorcphyll, the

ordlsr r a s$sbne rhi.h in.ftsd thc sled of r radion wi$oe b.ine nsd up

carlly$ rc imFotunt in 
'Ddunry 

A nanufscruftr ties to fud i Rtalst which * L
emble r radion to aYc a aDd yicld
low and profir will be hieher. wrre

r .aralyr qn be round !o mablc thr rdctd ro
sirc a good yi.rd rt Ld rftsue, rhfl

Inb sone impotun! jidulri,l etrly$s

wnich omu in litns rhings are cilcd flrm6. They €blys a sp€.ific Edion, such

oxidaljon orrnfron lo pE nitos

'rr 
nf ututue orihic {id I{c $2, 7.rl

m.nuj:du( of $lrhu;c rlid lss {2r r rl

HydrosoiioD of uo\3rui,rd cmPo
rm4rrel$Sl?r l

'n 
rhe H$r .r(6s ls* \{ r1.4.ll



i #,li'li.t Tfi,':ri:tl l,t:",it,L'1.'#[i *

:fl{r,."#r#ni:H;i.ffi #$:'l;1,l?.:i[*lil;r]iJ* bm""'ds' 4"il' itu rh"
(/, whd uour dqrstr (d od) s*,otrd o6.

{.) wh:r nas orh}nro$tr tsrcidc sa, Dalnrl

i;'l lirl,;**:l**':l'"'**"";*''"",,"
1;l i.:,Lir:iS:f i:,:l:lii.titil...1'", ".. "'.,'.*",,,
n:iffi ';:'"J,tfl lil,"J."i; Jnsr,;'ffi;",f I

i;*::l*"11m"ff ,trg;,l;:Jrm,*''

T;trtTrtrtr"{:1$::..anlrif il-l
#lillnrh {:imi{liii#r" 

-*$,#{,u":if;i;':t,$:-J.1 ilf:r* -*-'' -^'



o\r lnnarcrcr ionl**ph.esthcl ls inr

NIur tnd.* iidD.i.. rtu i!({ oar !

id'gh b \ilbilnd $e endLhons Rin behth.

kindi.s'sLchnud€sthro*|alrlon

rh{ iudhd or racriig sp*ies (mol(ules. xroo\ nD5 or t{ radjcars) rhal hke

rft t\! e :l rb.nro.rlt ornn ff.otr

p:  \$t14 i r  hrFDr$ orrudjooDEM;\ns
rerDrmd inSSlT.? r .27 ?.6.1r I

AVERAGE RATE

lime divided br rhc lifte

ntolrexdiooNf 'hrnrch'gvimkg]! td

^rrage 
rare = (1.00 0 i0)nioldm i(r 00 x 60 i 60)i

lhcE I mokolrheRdrd produe

14,2



"t: "r '" 1" k

b rr(n-d i , ' .pon.t  l rgu,

cd0l i t r t r .o

-  dtat  d lBl

whqc lAl = concenrarion/motdm

rB|:pqr+1H:oi l ]

n,e uc oa r redi.o is found by

' !1!r l

rei!{rioi someorLr! me,hod5 I TotN ng

'"" y"lr.lP&i SEfg+?8\g rHE RArEs oF

Eemer. (e) Th6 !k.nn. hvd@

cslcorqH,(att + NioH(aq) r cHico:Na(aq) + c:H.oH(aq)
sohrions or cro dd alkir of kror

:'::.':': r ;r*"



-l.LOJ
L

Soldio$ ofknoM Mc.dfldds oferhq ad dnorin. m oix.d d fi. requir.d

a on hto s se$ ol pobsim iodide $lutioo. AI tb. chidtu. rcDdninc
fds vdy rapidly sin pdassiu iodide 6 tm iodine! and !h. chLdnarion dop'
Th. uonr ol iodine fom€n cd & foNd by riraiion asaiD{ ! stDdard .olotion

In r @ion in which a s!! n foft.d, tu volM. olgar 6n h. r@ded a. variols
rim6 t* F'sue t4 r0l. Enhpr4.r
diMpoeijon or hydosm Foxid.l

Mg(9 + 2noGO r H,G) + Mgcl,(aq)
,H1q(aq),rlr,o()+o'(g)

an ittae at d.qw k m inqease in ih. oub{ of noles ol gN,

rtu1n lotb\ M! zN,o.ic) - ]N.o-r!r+ o,rcr

z,4Dichlorophmo\Frh{oic &il

EnnFr. (5) ft.6bi rnn

4.chltropbdolydhlmn,o:d a



oi,

If ine rcdim rlker plrce ai onns

2H:(e)+o,G) '2H,oG)
* rc&npanEd by r dsrcas in rhc

Such udios md be rollovcd by rhc ncrhod $own in FlgN 14 1 1.

Msy sublfcd absolb lishr" e htr in rhe vnide rcsion or, morc ftoqucnilyj in de
ultr old resim. A se4boDhdoftr is m ii$dncnl for m.a&rinc r. 

'b$rpronof li8ni ar vanous *aver.ns.hs. If a &dion n cdried our ii a cd1 iDside a spoh.
phoroncrr, rhc chadgc ii &c absorpi

cMngc iD rhc abioFoor sperlm dtrrine Lhc

A chaqe ii rhc condud$ce of? solurion.($

e



14.4 THE RESULTS OF MEASUREMENTS OF
REACTION RATES

Rcdjors orsorids rke prace lan{ !h.i rl 'c y,tjds fc m a fimLy divided ndc
rc. b mrs ngmb ii snl|l panicks rhu itr

ea.rj{D ot oo crd.ltciuo cuHDrkrnd

Rci{rjon ar dlartuf rt^l,tBl

^, 
.irt*ion .f $n kind ir caLr€d .

ovs:llord.i or mdioi is (d +,)

EEhp'6 (€) 
^ 

sDr im ofa. o c



14.5 ORDER OF REACTION

dio! do$ nor rolor ftu{ ils ionhionerr. equ,lioi The
qudiq tu o Eadin rcacrioo bd*o bonar(v) ions. 6rcnide jons fd hydrosm jons b givc bromidc

k rcpnsnkd by rhc cqudio'

'l 
nE Eadiat Bror (aq) + 5sr-(aq) +6HaGo j rrr:(aq) + rH,oo)

Tbe aotrs or ki!{ic measuflmc sivc the rolo{inc dc !!uiion:

_'-  -  . tBrc,  tB,  H l

Thc mclioi is fid.odd rh resped to brcmar(v)j fisr ords wi{n resper ro
bFmidq seo.d-ords ylh ftspd ro hydmsd ion and tounh ordn ove.dt Th.
necadve sici fco! lhrr tBor 1 dkrtr6 wih rme.

me tkt  i f r  Et tb" rhcrororrmt io i=&tAf. !hs.z='h€ordaorrcsr io i . r*ociDcnmcnrro
.4, rel'ud rr find rhe mr of rcrdion, r*o tut, a. dotr. d di|I*sn

t^ol = inniar concenrriion of A in Rh t. rnd 1{), = rh. iiniat rab in Ro 1

({L = kt^"tr"

(;ii, 
= 

\iA"1J

---..-\l

' M.cd Sinq lirr r iclordd 
'c@rion

rihilr ia'{ = rtat,

Th-alc.otryfrt = 1.5 x l0 rs L

FiBt4td.t a .,.mrt lb) 4$wd{rder rcrcioi rrs ptec b
f(od,./s.,r. Q, which e borh iniraly presmr a!.oncenrriion 0.20notdm r.rfrhcjniiiatrare

owtdshavdi feed lnoldn_rs] ,whdk'h{arcconnrnr l

rii'turnk = ktPL[alo
r . '=*x(0.20moldmr):

The mr coNmi. [ = 4.0r l0 rdnrno] 1, I

. dim.rsiods.onc@rBriotr -,rine,.



t. E\etain ft ntn : d. 48 d6, td4 4retutu.
lMMh rlrtddtu rd 

'd. 
Mh'L

fte ddd or lRtiotr n.y be round b
diirftdt mtjmrldions, Thir.o be done by inspdion, as in rle qdd? b.row,

hl : l l  |  = rbl l : ! !11l- \ (d, /  \ t r" t /

EEnFb The followins nsuhs *ft obloiild for a Feliotr baw6 A ud B:

IA] IB]

wrd is rb. oldd ofr.erioo with rcsp.c! to a and *ir$ cp€. ro El whar is &r
@ lqulioi rn $. rcaction? calcu

Mdbd Ld lne r.!..qu.rid b.

conpee nns (d) sd (c), in shich IBI i mn"mr:

RsrG) /2,0\- 72 "
Ra!.(d) \1.0/ 36

compe us (b) bd 6), in wnid IAI is .066!

Rakrb) /20\ '  3 _
Rab(a) U.0/ 2

ro l hd l6nd{ds wnh Elpd ro &

tar.d fra6 rhc astrh. of dy nn. ror examplc

13=tx0,5x(1.0) '?

&:4.0dn6tol  2s I

Thi! lnird-ordd Bt conem. hs th. dim.ision .dmtadon _1im. - I.

t
a
I



G) ftid'idErd: rcriEo. fi6
tAl! .0i0oo dm , lnd l3t. = or0Dd6 r

(rl Fud in. ldue d rhc nr aBod.
{.) Fiid & iiirid Er of rcdi@ vh.d
trl - o.rr@rdn r{d IBl. = o.ronordh I.

'45.2 
ZEBO-ORDEAREACTIONS

Ir 3 z@ords u. on, rh. hE E indo.nd.n!
{ pld orin @nceobdoi otrh. E&;r tAI_
FiM 14 |].

ofr}. @neor,ridn ot in tud0r.
a€ijnd dme n8.hc rm shoh in

I^l

Th. rac eqxarioo lor a z@ordn redion is

ldd the rat conlmr hs rh. dim.n lton con.d hriad lime , I.

In the iodina.jon o&mp!rcre I{ 14.I lt. rh. edioi 6b de not chdec ifthc
@ncit tio. afiodine is ch,nged:

cHrcocsjkq) + rr(aq) rer cHrcocri)(,q) + H(rq)

Th. rcacrion is eid ro b. ztro.ord* widr rc.per ro iodjne,

h, h€ sdbJDedm,h.,urecor r- 4ret.



r4.5.3 FrFSr-ORDEaREACTTONS

aekeof&cimlvmdgits l0ons
virh r5cpms-, ot cebotr fiom a smpre
ycds. \und is rhe !c. of d. dciar

*,=hl4r=r.303h4!

s 1590 yerB. Ho* lon8 *j[ n r*c for r
smd. of mdiun b deay b l0% or fis oiigiiir rndioadiviryl

is ! n^cornd rca.rlon,lb. .ak dltrlrion {ill be

Rd. = * ta l  ie.  dtAudr=rtal
rf IAlo = ini'i,r mrcordioi or a, $c idesdlod fom or ihis equarion is

M.*odThhpDb|missolvrdint$o3|ep5:

(,) us !L': b find *, rli. rac.m!ur, fion .hc cquniotr

to hrrf-.oiprdion n caned $e hdf-rirc of rhe

tAt = IAlo/2

oda i.erion is indepsdmr or rhe inirial
o exrrple or! raciior rhorins fi6hd{

e -  0.6er/r5e{ .4.36 !  r0 'yF_l

(r) rnsd 
'.r,is 

vsiu. for r i o .hc qstion

& = hL4!
I-11

4 36 I loi I I = rn 0007"/10%)

Aftd 5130 ysK l0% ofrh. orisinar mdiorcrivi! rmails

Ex.Dpb Cdhd-l4 d.liig .hows lhar
pft njdul. pd erm o| cebon, compfu.d
ofnN {ood. lte h.lf-life of L'C n 5600



t
s in the crtcul4lio.:

a \dked etuhPk on (,) usc rr : ro nnd r

r = 0.6er/r600 = r r4r r0 ,Fd l

(r) rnseft ihi3 ulue or t inb rhe €qFlion:

r, = h!11,
t^l

!11"
IA]

hr:1o.,4,

Th. wood h ll70 ycds old

145.4 PSEUDO-FIRST-OFDEN REACTIONS

.'i :: c|lEcKPoNrrtc

Th. acid{lralysed hyddysn ofe d6, e.s.i elhyl dhdoM

CH..o. .Hr.  rH:O - . (H,.OH' . -H_OH

. ruol  o i ,h.  q,ds.  Deu$ r !  E.ne

dtcHrcorc,H5t/d, - t,lcHsco:c'Hrl

e5% ofts diviry i 
' 
r0 biirs,

ciHrNroGd r qHrc(aq) + NlG)

mr$!rcd sr \! ioB'incnFnd. lnq,re 5imd.h.

t;)fl.]'d.'"r"n..f 'r'.N * @ @- jk h"



o) cer.lhr rhe vd!ft or iirosD d !'c md vitL &

o Fr@ rhr sap!, $'imr rhc hdr-rfc oa.he cldto!

(d) wid didcie h!{ you sat dr rcerjd n 66r-

G) U$ tc lde or,,., ro nid Lh! Dr coNhd r
(/) obhi' .he iniid Er d r&'io

dlBl/d, = rtAIsl

14.6 SUMMARY OF THE
CONCENTRATIONS
PRODUCT ON TIME

DEPENDENCE OF THE
OF REACTANT AND

'rne imnd ii which rh. rab or'ulio, d@ds o. rbe concetu on ofrh. rcacbr
G sb(M i! Ficaft 14.14 For a ao.oder @c!ion, th. nr lmais @tut d rh.

or a fiElodd reacrioq rhe r* of rtacdoi ig
diE dy prcpomodal !o rbe otrmr4io
nlctidn, rbe nr or r.diotr inckes vid rhe co'c.nrario rs shown in rh! figurc.
It is &q.ro€ em4in6 po$iblc ro eu rhe orde ot a recrid t h u insp4rjon
of ! gnph or d. ryains oncenrrtion ovor a wide rsge of concmrdioi.



lnlj = o2j{ddn i. Prcdn sc ni r Gr \ri
lrl, = 0rjnordi tr'hc rc(tron \ k)4re.udft ,

rruD a scrir iflEiql!$ni

I4.7 THE EFFECT OF LIGHT ON REACTION
FATES: PHOTOCHEMTCAL REACTTONS

Rcrdiois {idr rq high rars dfteo n
1r!( nr tr? b{re.[ spLns ioDotyriclny, e!.h otrhc boi

/ i ' , le, iofdet@s'mdqchpr

bordi.s dlaros, rnd ioB m tun€d).

H?td+clr ls)r2Hc(3)

rth, r.diig b dc di$€iariotr drlbrodrc mol{urs

,,1 r9.
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14.A THE EFFECT OF TEMPERATURE ON
REACTION RATES
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14.9 THEORIES OF REACTION RATES
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rcdids. ft. alk,lin. hydo'8is orpdmsy hatosdoilkd.s (.s., qHrBr) is
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14.10 CATALYSTS
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14,11 A DETAILED KINETIC STUDY
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14.12 WORK CAN BE AS MUCH FUN AS GOING TO
THE FACES
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APPENDIX 1

cG) I H:o(3) .oL, Hr(!l

10 r:l

{a) (') wir i b&osd ir ! qudbtr tu,ie i.erbo !tuo

(rt Eiphr viy r' 
'niiurc 

d aLdn qrboDrc od dr de

sco@, rrH:G) :e! clH!c)+sH:oo ne,i@:
(r') !! ! brb$nc eL b $inai rtu ssdpl cbryc

o) Pdrcra €r$h rh! opliDun Eds'dr coidiiom lnf
(r) r r prcdrcrbD or aftoo Eoooiidc lod ildmF! 6y

(ii) rh. prd$tro! d odeE b! RqLdi! ,
(1) lndq{hdcil l]ulboest{trpodrdi@orocbrc

(NEArq.as)

a G) ( ) Dn{ a ror&b! ryr h Brre de

(u) usns'tu broviq d&. ebdd. 6s$lhdF d

(r, hp {h, cjwg braod equrioi\. bo! I is ossbb b

hydreFlRlbondc6heEig6iunhm
G) cdbidioridrn^d!tr.dBrp. 

^4or 
rdo*rro

(rJ edr'roonhssrruo!,hm
(it hphh [c rnriba orore *n'hp16o for a rd F! I

reryr't!P $uc &d Ery he rnFnn'e
(iii) rtr dDribdbo dnhiig 6, qrboi dioridr

(r) Lrquidarblndbidctrhcei4ybdssdcl

(t riplu \dr 6doD dtondc is ldr.FLr
(ri) whdbredonroui{oddiquida.boDd6rrd.f.tr) ltr4sdryoisrufond birun didde tr dE

ni.L(s) \ &1, (aq) rcL (aq)

(.) (r) rb! D6 aNori,bn darriEk Fr h a lrro1d

(iD A (rNtrrld sirF I d hrDdroi&^ddd



1. (D (r) Dlir [e kn v4rf4tu1 arof hftd@r

lLtsrtrcdc.und4Etu rt66si !hsown ft u6d
i6rrt {!s$N6nlrif oqah\(rDrid. c4s.

lut Rd{! su B rdlodenei\irlfDsib^LNrab

(9 E:rh{ rhr 
'ht 

irn irrefor oqBv ordui .

(i) Donoid lrd slohj& u! bdh 
'oiioopany

(r) (t [4br][rrmod!{]dDdhod

(i) | r gs.pii, {rur' d'r*F lnr drr

rNr ,  lH:  . \Hi i  ! r=(TsK)=

co 2ts: cu.oHi dt':(!3K)

(i i  ) sr'Lrh(dftr p[hilo d,!ruq] tudq D rnn(Lr r

(ir) rh oN ibnlm lotrrm (( ) .or Ltu mdtjld lqLhlai

'qnpqrurc 
trde (oi rr ru'd is ro.honarc (r e i I

.(i) sft vrLrrh$! u! rnrDrd oDd I os lid !4s1 phr

iLi) Rdrn.r!!@$kob(r)nx[cndirr lrdh6nd

o Gr in 36!ud drh! rFs dhE,mor.Lr{lnre

rN jigN!ho{iD\\bistnrcL(se,adheri!oi.

Frruhm sd ft iunrsnrhLhu.r$nuejorqBo!

I dtrut,\ . [) ini] @pqhrrisorhA.iq.i .r

lwiEcals)

:

(3.rJK nd !:nd rD rh. kortrru. ir kd!D. ftru.

t i )  son6\wlErdscd,!eiEoht,oruhlc i {

;

a. (or rt Di!\!olphlnhorn6sDpturhcdErihdo!

(I) lros6rghph (rcn (4[n) qrrx D rte.ftd !f



i) Pbr I / a4ci ! tu 6dh 3!s on Frph papq !d hbd

o) o^ Fr eDh sow 6c undioi orrl4ri$p 6. {

(ut coqnol o^ 
'tu 

sbF ofth cu(d !! i4un.nc

(.) (t For an lqmus $iurbtr d u {id. qphi ddny rh!

{t) soe &id/hde iDdieroA {. idd doy dong }ih thc

u) cHrc@srlraos, (2) Hcr/Njr.(iq) o rrcrrNloH.
(ii) earftprcF 6 rhid, surlkie nd poss b
odu b e w.d $ ao &id/r,aE idiuh, ?id 4pr!d h!$

(i) for r lrd oip& 6.0. arcdlr itu Dh 3i4 by rD

rwiE sl)

srctrGly4inedDocoiFinnasnrbors*4e

(i) (r) wft rh bdDed €qudbs tu 6e 
'Q 

pftAes f'r
rh!(no!rola.bohydarcodinDnoo(oidnh d

(ir) (trlrhr6!btuLdrncor$prcdNdp{dry

[i]) crhlhrlh.hLhdp]d @nbstrooof Ddbctr

r" .6diuo!r ! i . j |1r0.
(.{j. As)

r. (4) trluL nse! ofd,e ditrqan $Nhqe! !E

'oFdM 
d cs wofL G 

'bi 
ldilned un | 1r! kDrir

o) rr 614$hlhiasaE&h Ebl r.oFErrs

^(Br 
rK) cnrcdrH(m0() Po!(r000()

A$nifg 6' {gor n @ i&r c$ (.r, = 4), 6'hae 
'rrc

!A$r D r$ kP!, arrdc sc yiNc) dlDy.qur i6d!n

(r) vnrrhe{ cdtrlid 4(voudotr dr dL{hotr mr

sbr rM p@drior tr.d.d (orhr 
'b[ 

6c rhos d
hFabrcadpEsurc)Dordtrro'irr.I sbLr

^,!3K 
6scqliibo@lorbri(4of rcllddidon

dad b se i.ndid qr d & c[ (r. ]\1 by rtr

whdisrhcL@qdfttronorobdqn)idsrd4rtr!

oivhd, i r 0 M h.ohuror) iNlod rhcodr,10M ii
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(6) whq ptud N dnso *d ii sd,un hldnid. $\nrcq

cir{joH(4) | Nrou(aq): cilioNa(iq)+ uroo)

| 00no!dn,sodiuD\nrori& ftnNLMlss*s

c.ts5oHGd = qssoE(haE)

$lir 6 u or ptudorl.idln r.Is

O vry doB! etui{cd lquos soLu' oi oipioDLrel ouE

rid your dpkLiiioi. rig yotri ris\c 10 (() rid 8r{tr
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no'icatqbdkEP'uybogsyoiwid
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INORGANIC
CHEMISTRY



15
PATTERNS OF CHANGE
IN THE PERIODIC TABLE

15.1 PHYSICAL PROPEBTIES

! r.5. rbc Erson why rhis aiiangme of
eredeih lhow lsliDdirilJ in then physicil

,r6qih!d io$: 3 rhcrguLsi'Ear
ddmn $ens ft r'rbd N2.?l

b 15.6. rhe mdri4 Emp*ruc ts( Figrc t5. Ll ofai eL.m. depeids.n rhe

smdtrd. risrpy of mclrins !ui$ li I simiLa *x] {irr rr. pdon 
'umbs 

(domjc



Th.van ion ottoiling hp.r$@ wilh pob numb.r ft shoq in Fisui. 15.2
T he sbndlrd .nhdpis ofvlporisiio. S 3.ll $ry ii r sinilr n,trr.

Frc'@ lbhr 6bnr dh&n

^lonic 
laditrs is ploned lglin$ so'on (abmic) numbd in Fig!rc 15.r. The siz*

or somc sbns md io,s ne compred in Fis!rc 15.a.

adius lirh hob Nunbtr. (n,e vrucs fo! nobre sr{ N
."ndfl w"al. Ji T1. ,Ju. ro o n rLemen s de .r

I
a
I
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om md dori. iadii ;qease lrom iop b
I chese md rhc numbtr or d(ron $d(

ircrcase doM a soup.  Lrhough ih

;od. 0 j-F). lbc o(lar.harg. indeass fton l

rnd rhc mdjus of $c K 5h.[ dsre*s. 1bc l|fsr o' ihe L elsroB n .omfticxrd
br ljD rd rhd dey ft ftEez.l o sh

in lnhium rhc odomod {lsbn n a
$ertdbyl*oel{ 'nN,f ter t 'n

ra]dingrrom|eftbngh'sreS3p.
.dius lcbs aNiod I{. Frgk 

'541 ^

|n$tm6iinnsns,begionine$i'h

rhe fiisr ronnaion ensgr Ise Figtrrc 
'551shoys 

penodic ytrirdon n rcad$.
F'k ! d.h i.brs sr!

hc addirioml d{tiois (r 2s dt{dr.n jn Li
r  l  nd@kD; Nal  rcmnchn
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15.2 TRENDS ACROSS THE PERIODIC TABLE

l : ' r  ' ' ' ' '

Pqg' ' . ' 'J |o ' 'ud5Jh\

am ic hd n, tre r! b b!;,n;

r



r. w[d dse aonop4 boids r€ dr k)s o,
(r{1 c i .0 i  r . (d) .  H,G)c cr

{ !11 @Lrnrdl  k)  cr  orr . (d)cL o 'or , ( . )o '  o

trrpl[yo[iD!{'s$iN1:irrouGdhdP

sc sutr pdlisi3 Fq{r (4).{a' q.: ' . 1r)itg' q

15.3 CHEMICAL PROPEFTIES AND BOND TYPE

njcbisbrc$Ncchfgdvoumefuioof ' l reo] iod

2Nr'or (s) . Hro(L) , tNi ttrq), ?o (uq)

sor(s) + rHro(r) J H,o'(aq) r Hsor Gq)



Aetovalcn! chlo da sinply di$olv. in waEr, si.h th. ck@lon ol a f.{ $dingly

Narcl-G) + lc - 
Nn'(aq) + cl_ (atr)

covaldr .hbndc, d.y, likc ccL, n.nh{ dissorve in nor rercr wiih larq or rhey
fry,jj}.Pclr,behydrclysedbmeidmdhydme.nchbnde:

POro + 3H1O1r) r HrPor(aq) + 3Hcr{4)

inab. coodinarion n fonowed by hydrcly5is.
chbnd* ol poladsins clons may be pdtuily hydolyscd:

Bicl:(aq) + H:o(r)= BioclG) + lnc(atr)
Thc solurios ofcbloridB rnd otner sert ofhiehly pol,risiis oriois !r a.idic oD
aaounr ofsli hrdrolFis li r 2.?.131.

lArrHror. l r ' raqr+ H,ol  r= IAr(oH)rHzo/.12'c4 + Hro'(rq)

rhqeloru r.rcr rldily *irb vatr ro tom d b$el

NraH (s) + H:O(l)r Hr(g) + Nar(aq) + On (aq)

b. pdd ddtrs (Hr1, H,s), pobd e..pbr
(NHr, mph.bdc (H:o) n neutal (cHJ.

Figuc 15.9 rd 15.10 rclrt rhc rrDdri6 oforid6, .hbnds .nd hydndcs ro the
bre.Fs$ 1?.7 ror hydndes. !{20.3 rid 20 e

rdr hrlids 
'id $ n.3 foi onds j

r f6(  |  |  
'e |

! 'deo.&,d4h&'eds6bi io6!



i 15.1 rheoldrre or duci|g proFnnsorrhrcrcrcnraE rcrid b ihen

ishi lhm$ab|ebhedsd6ryi lhm{

ili,.,

,dr  I  I  r | . r

Pu. |  |  
- i -8r ."-

, , r  |  |  lddr



siie rhe pottuisiig
n s.c f rhao rhd ofNr:..:l{(N).

dtrtrrcdyroi, lhulds rhu M(rr).onpDmd! rir cranph, terd0r) chloidc is a
ringlr in srlc. 1o fonn a yrtr'j{D or pbr'(att)

a'il cl Gq)ions Lerilllv) chroidc h a riqujd, rhrch n mpdly h)drclyd btvrq
L L.d(rv) di! r'ro.id. oridr lnd hydre.n.htoride:

Pbcr,(l) + nzo(r) r Pboclriaq), zHcl(r,r)

rqd(ll) onde, rbo, is basi., wr,iLc rrM0v) orden,nphorft, fudjigsrh dk.rn
b ftnn orunh!{(rv). qnkrnmg'ne Djod. pb(oH).:

14) D!il! sr kn. ,4 @,e,.4 d!4 d d e enln

ld) src !4 .p! idd! wl id dd{nN .h! i6'  bD!' ioi
d!4tr1. | lEd{ jonsi |3 jx ig lupol 'hcPclodi !

ro rbc!dLn{a.A.B ed c,hNroni^uoer 3,

ti) wic doyn rh. c (ro! c {rudus ordu ore.

(r) wh{ r d! odd or rcq6'4 iFr unnlb! s{s

0,0 tr4ho ]ou (so!{e h (ii)
( l ) f r . io l ! '4TrbhshryJlhc6diona|o^{oeis '

1. (.r ehidoriEa'6s.(ir'o.af . hs rhc srero

o) \rd \!id rou Fdrr *or rh. d.sd dcolied

hdrcIqb'dEsInlL'v(dlo.lt*.ois|Fu@'!jdf

(ir 6e Ds' @drs M ftbL

16) 6eore r rr $ur.{noD
(r) rbore dr ha ! [^1 ooin]oi flft8y or

(v) ft orc vhch 6G rhc L.sn aoroo
(rt & orc vhch tu! rbe hcha d{roresriit

(no riLdy b fom etr enohdsi oxrde or.onuh r:oi
(n) h rhe $n€ greuo s eo dend or!'oDn Nmer I I
(r) rtu orc shch hsre h€ftn horrs Fhr

,i) riri! I td' sce[cd rt n{ ir$r6oorc4r d

(o&cs)



r!0 rdrbr ud d!d.ri) lnd b 6m I dbrrde

6 (a) s s6sdr oooror {s!jd for lit e ,n{1 boru

ownr !$!r  
^ i ! r  $qryYir  re ed'  i !  on

(it skLc dc ! €ronr loituunion orhooi. rd 
-rr$n

lr) FK oqu' !n s{E!5 .q 6c dmob itb !o b

(r) rbornr hcrcr$i,,i6r'ooistroocturslsosrtu

(it hovrh!nbsr@!id!ddiarordrd!&aof

o r,J srr,adqphrrkr6otuui{ldL\ 6endinun

l"rraohrrhyP6od r(Nn b 
^n 

corsiB dody e€hr

14 D6cde hos ih nd.i4 rd* of (tu dlnflr rhu$

oEAner,As)
7. (!) rhcd@iLdii lDdndrhepoorddcnori

(ii Dirur.!n4qufuN{hrc4! o[orc. [o] sc

3. {4) wid s ndmL bt r{rdd'r i 6c Pcoodi! 1 dill

o) | h! s! dr oxidrrotr irA of d'! d

lomrdcoDe tL) d.. n{r sdD4 b dblhe.od (r ) r|tn

h (r) iDd ot, di{u$ or! phrlld { orc lheDrcr

(oer)
e. (., cohidrt se tur .\Dg ord6

^r:or, 
cro cD. Mco, Ni:o. Proi!, s.!, sio:

(ii) eia.,!d sw 
-! 

tonhs sanPb!

ilD Edul ed Fr 4re rd{ ruPk
(r, @d-a,r hd lirc d. tunb.r {urft
(r) i0 D6nr6e ii 4'liif. 16. ebd yo
dwo^5to.Yhed'agisoidi}mblqeidtd

(u) D(dh r5r sibr Jor worrd dsr od b lhoy hs
dDholln. chu&br s 4si6[td sfriJ]y. Jz'4 dtr|,

k) GN de, l iu.lrowog d6od6

ccl,Hcr. M3.L:. N..,r{i.,r6fr,. prcr.sicl

It surc, qrh r,r.tcph,ur6D, liir ofthe abo*Lhbd6
o a4d.ruuorL! () itric hondhs, ad c) couc

(i, ErpLd liy ,o! n!1 e u'dh b !$i3i c dn! di{tr

(io D$u$ v[,, rafrahr (br d tr*${iry sd^i*)

$rEcq)

r0. (, Dclrc,|: rm5 i46,to dtr?s&d ./qi tr,,

(/t t\orhbdcnl ho{dEriueof hei^' dqroo{n!'r

( ) r[ i4r dldnD rffni$ ]rorone di[ dfl{tr i
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(, Diss rh. dnr(e€ uEi 
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lrlc ior srbn dd

(it By cmidcing ftedetu soff@c,iom, pdbt

trsli[drIdsi.tst'€th.ilh4of|ilbuE,gidnAyoul

(iit th. s6dd dardD rmnity for oryF hs a vdE d

(ivl Nid rb !i3n of ri. sdd dob !m ryrf

(o q, s)

n. k) whaL ir n*rt 5y^.bd.ir i & p4iodic Tshtc?

(r) sbrq rdd s if * Nibte @hi4 rh! tue esich

tuEr (i) ii I sup d 0i) h a shonFdod or 6D

o slsd !g&B eby g{s6a N!: ad clq srcodd,

(d) cd4ac ad @dd r!. 6diq! Gnd DDduc) of

(o 12)

D, (4) ir dde wsios onhe ftdo& TabE 6e sr,tdt

4d .i! qbd Disb, judD 
'k]l 

b!4 w!!.d 
'*er.icbod4a'&.(oFe.R,9EMoesh]rdqd

(t) Msr ndds 4i bc prducld by rrE d6o or.h.ir

prcdMlhYqugqlb.hfurce6'h.dNqsFL

dMioium oMq. ndm did. ! nd;nEd h ;.
cbrd.dd n L 

'h!! 
dd 

'o 
Liuffi q ru@ih

0 ui4 Lnerudd {6rp'6d roddm f6,mdnr

d ircn(nt drd! b, nuinih.

'i isosnl!'db@[lhkhlreoqbtb.!'dtdbJ
'be|MsdgiEaEofoldoi4g'(ii) wy do ydtr rhd &d iFn is ior @I@ny Dmdnd bv

(iv) My do ru ddk rhir :luitrih tr od Dlod'd b d.

o (1) rnsiun didd. s.dnrd b rh. Erruhro'id. bv

ri) s!s, $hr,ibnjMirm'prcdued b, duusde



16
GROUP O: THE NOBTE

GASES
16. ' I  MEMBERS OF THE GROUP

cish' ror thc dhrt dcmmls I5{d r$h 16lt. rhft is lahiLny associar€d $ith r r![

t"^+*::
r;

5.;.fhrrium ! ir sln b jnirrb ajshipsj w.x$s baloor ind a*opld. ryrcs,

usd by divffi jaread oran. rhq
Loon {hcn rhe} suf"c., susing pdduL

^Boi 
roftr r"l ofrirandi3obuinlddu g rhc fkriorat dndLt{ion oftiquid

nskr rddingjo65 add r.r $mc chcnicrl ftrtions

bhiicd nom ar Nsn cirs dr r rLd Esl

r d. oi-"d 6- in r0, rig. . xr\d



ad. vas rhe idic ilid rson hsalluorcplr.imtq
on bd*fti rcnon md rh. po$rdul oxidnins

lgmr platinum(vD nrcide. This dh
ofrenon(Ir) ntrondi xeFl; r.non(Il1 nuoiidc, xcFiind i.ion(v0 rluo de,
x.F6 Th. bodi.g n mv,r.dr, ,irh
beins promoed b 5d orbials. ]]r. enost/ nq$nn for promodd ir s@r and cm
b. mmpmsard fd only by eaclion

n c krrpton ompoudds rTypron(rl) nDonde KrF:. and kryflon(tv) fluoridq
KrFi, have bei .yn$cajsd. These rettuift noft sevft .ddidons ror rheir srh6G

This spartul mmgflilr of rhc bonds md rho tono Dai^ of sl*rons abour rhe x.nd
abm in rhoi @n9omds n shNn in lieur 16.1.

16.2 COMPOUNDS OF THE NOBLE GASES

m.d *hen rudim d.6y.,

:

iI
ffi
.\],i'



16.3

E
THE 'NEW GAS'

Anorrd. n.r]lod (!s rd n.n lnh ai ad rn.!e fion n o:J,sri, !*bon droiide
md \qrr epor Rardgh foudd rhxr nirrosctr ftofr !n yA i't{rys 0li.; dcnsq

I forssd rbur po$ibl. *pth4ions

4NtFgo|n,m.mnonrmigho

Rr}' l. jgh'cy{J'hcscthq,.is

dlooghiNftdgd@dor 'gencon'
rdtriotr ofb ar.ti

and sp.ikcd ihcmnrurc ag n sm.e l' js r0.z nitogli. br lrd b k.aon addi'e

alkari EveoruaLrt, or rhe 50 cnl of !i

h.hadobkiidrfrom'hcairbylheRrr'|cigh
ftrhod, ovd rL{l hor nls$ium  n{ dr s$ had ber pas.d ro bd ro ov{ rhc

\dhfuo. lhcssi l l ' lo |un.Thistst ' ]s

s; wjrli$c orq1. rhd inKr!, or lhc difhaLee rb. N 
' 

rt {* *r(rn !r klk
d rhccmissior sp&rnm or 

'he 
gA N r lt. r. ss aflrd io hnd 

'rn' 
rEmuid

R4lcigbudRen!! ' rnq6\etr .hen

iumb€. (D.oroD numbs) rarhs rhiD



Rryleigh. who hrd *ded .hc e4. and Ransey, who hd finish€d n, aonoun.,n
tun discovd) bc.diu ar lhc Birisb Asslirrion for rb. Advm.d4r of sci4c.
in 1394. rley cr{im.d b hav. dkcovered a ncw ctcn.rq ryhjch did nd rtr;dra a.y
sroup af rb. Pcdodic T$te. whm rh. .haiman of rhe ner,ng srss*t€n calling
rbe sas dra, (Grcck; ,4!i ldy) rbn wa rhc fuEe lhey adopt d.

Ramscyrmr on bdiscovdhelium, nmn. klproi 6d 160.. T]left rcurc aonrc
ms* bd rhci rlck orch.micd rc@.iriry placed rben in r soup vilh rrgon. bd
ihey rorned a ne* crcup 0 ot rhe ldodi. Tlbte They wre c,rcd rhg ti.{ $sr!

\h, va3 tuyrdgh b&4 ror imedts ii inroc.i?

tu r Nircsa -i!, Mramsiub 
'i6d.

Ndeo.g annoi

of Erlois be oc $nc s Rryklehr vd!. rohihrci

h.sd}'doushtbbcp./cdyftbh'ExPL.hhovlhis

p@pba u+he orsc Pdddi rlbrc ts! $ i6 3 I

5. wrirc an atuur d 6c Dbt. esa (incft sss) wii



17
HYDROGEN

l7. l  occuRRENcE

Hldto@ir the sn Hldrogci h rhc mos abuidml demm
ddive L\eir .oq/ 16fr lhc nucld ftr.ion rerciion

4\H 
- 1He + )i. dn,itm) + lndialion)

Th.E is vq lndc fte hydroca in ln. Edh\ ahosphqq bu! $eo k pl6ty of
hydio€cd on d. Edh, combined 4

I7.2 MANUFACTURE

t. tlydrcger is nmufadured ron natusi erq {hicb is le4ely ndhaoc. Th. pr@*.

*".o,-"il

cFrG) + Hro@ 
- coG) + 3lr,e)

co(g) + r'r?o(g) r co?(g) + H,G)
K,co.(aq) +co?@ + Hro(l) +r:KHcoi(aq)



Jtdt btie 2, Hydrcgci h rrod ued d trriis rhc eldolysis of bi io tor ric manursdor o f
$diumhydrordets*Figure r!3,6r3.1.t.

/nn.rd.liry,/ 
3- rlnaboibv prcductof rhccrackingorhydroalbosinrnfimryK?6.rq

17.3 INDUSTRIAL USES

solrD F \TS,.c. ,  M{PCARTNE FERTILISIRS

-- - | B*. o, -l
_ IFocKETFUET I

17.4 LABORATORY PREPARATION AND
REACTIONS

th? tuhddurr.D a rcid) on zin... anorhn D.ar whi.h k rafiy hisb itr rhc Etechdcmiut sdies
udrt 

' 
Ecttq) u Madc in rhis *ry. hydrcsen comri.



Oih* lsboBlorr p€pmlDns ft thoh in Figr. 17.3 Als :howD m :one of
$? ecliors ol hydrog4. &udims

,Nr'! + 2H)o0 )NsoH/rqr - H.Gr

MgG) + H:O(d r MgOG) + HlG)

crHlt + 2H,o(l)' c<oH),(aq) + 2H:G)
2ArG) + 2orr (3q)+6s,o-2A(OHL (aq) + 3H,G)

I



(.) Ds$iuo d diurc hydro.hhnc eid
(J):d! dd sd un hrdrcrid. ,ohion b!{ ftzoa.

,']vicqud]o$h'iherc4ho6dh)nqflvilh

n!ndu(dcoIH:fomdby[eE&' ioddl t€m

5io o@r prduqdr How hxlrr

HYDFOGEN IONS ANO HYDRIDE IONS

fte nd,ogd, or. H
orrddror.ot i . theo_kr 'd nH , t . , ,  q I  . "n f iu rbr , .  k,  TI  Dr rh.
tomaiion or a cov,rmr b.dd.

rn aquous$lurion. rbc prdm en* 6 rhs hydRrcd oxoniun ion, Hror (aq)
ls 12 ? ll. lxo oronim ion is onetr Eltrrcd b .. a hydrcsen ioi, .nd ns forn,nr i.
otun wriden d H r(41. rne lom{ion ofHro i(<) h cdoihemic:

llrr@ + n?o 
- 

Hro.(aq):
'Di. c.tion Hro' is foued in conbiialion wnh $ aDiod. c g

Hcl(aq) + Ir,oO i H3o+(rq)+ cl_ (aq)
'Inc roindion of m mion is ostrally .xoih.ftic. rt lhis is rb. .ae lhen rr. rom.rion
otHroaA f,y vdl he ercrh.oic ovdall.

Th€ fonarion ofH k qo$emi.:

lH:( ! ) 'H e) i  Ate= i5okrmol '
Thc bioi H - is fomcd in .omtirati

c{r) + H2(!), c,r'i:Gl
Tne fornarroi .aa hlddde M'H orM,r2H- k qoihdmic oity it rhe iooisatjon
.dhalpy ol .he carim is snall. onty wnh mehh in crcups I and 2 k &is kue

t7.5

17.6 REACTIONS OF HYDROGEN IONS

Thc n{liois which chdad.ri* &ids ftlno*otlhehydrogen id. Hlo,(aq) or
H,(a!t. They m smn,n*d id Fignrc r?.4.



' I7.7 HYDRIDES

Ioric bydridd e. romln bt 6c md

nddufts .imile b ibe coespondhe
sive hydrcgfl. and bum vicoo$ly in ajr:

H-G)+H:o( l ) ' l r :@+oH Gq)

2H G) + o?G) ' o! G) + H,oG)

Io the* I@lions tbc bydid. h actins 6 a rcduciis ,s.oi. CoDpler hydndcq smb
r! fiaim r&dydnd.lrmidde, Li'tArHl] 

' 
rnd sodiun ldnnyd dobomtq

NsrlBHil , N prcr.ft.d ss reducinc tsdb b.uus.lhey m norc $61a Both
ae valued rducins ag.nts h o€mic chflifty. sodim tdRhydndobaid. h $ablc
in cold *sbr, bur Ltmno ietmhydndollmina@ nd bc usd in solution in dry
erhoxydhan. beaus i1rces sd wd

Figu.e 1'r.5 shNs whde in ll1c P.dodic Tabl. ionic hrd d* @ romd

17.7.2 COVALENTIIYDRIDES

caxLnt hrddds dE Covd.it hydndes are rol..ule. Eiept for *atr and hvdoc.i tluodd., which ae
hdtrtu ahd oJk, seciatd by hydroscD bondirs, .ov

Hydoscn ombind dn{dy wiih all olhn non-ndrllic clcm.nts, bui lhe vleld of
bydddc is somcijm6 low (e.e, NHr) Hydolysn is often ued !o prcpr. bvdnds,

zinc sdpNd. + d ur did r hydro

cakiun iiLidc + M6 or dilue lcid + mdoniq NHi

calci@ .rbjde + *as or diluo !.id r dl'ym, qH:

Ma$esjum silicide + dilut acid ' silatr., siHl

t,



{

RucLviolsry 
- H,(!) r oH (3q)



olEcxForxT r73r HVDRIDES

t. Md a@.a' d (,) 
'he 

€iidd. rdd (t) !h. !rcdq
vhqsodilnh'dJid.bcbtol,!.d.jwhy*sdl@h,ddd.
io! d{rolFd in 4u6a duliol EldolEi ; dh
{d€d@rindd|ti$dumchhndewb'doydu$p!*

1 Prcnnt non Fiqm r?.5 d'. oropdie or $. hyd'ids

ud b Pep& (d) q:s, (h) Mr, G) dFq qsr, {d

17.4 TSOTOPY

G) Thre n Ery Ii& hrdqo ii rhe E$i]'t tuoqhd.
O) Mddq cH., buG h i d 500'c, 

'hd$ 
5i14.,

sir!, iejrs sFdu@urr b i.

x l ivhdmFLlh"dmn!"ydln 'dry i tdub

nrrc E M 5bbl. hota6 ot bydrslq lH sd iH. rbc havid i.otope i ctftn
ddl.dln, I! consiitur4 0,01% ot natualy o€unins hydns@. Th. isdopc iH,
ciiled dirim, is Edioaliv., od de

Th. difrftnce h mds bdw*d hyftogm
gr.ah thm lor dy odrd pan af ilobp* (mepr tor hyddsei :dn ddDn). In
con4dc., rlre ditf.Mcs b.rwu hJdrcsa sd ddBjm @ glte L,th rb.
ditrlacG tdsd rh. isorotss ol othd .lflm( Deuhiun tu 8u.lly l6s
c.cdE lns bydFs{. DluGnDm conponids E.! at dirdcdt 6ts rnn hydss{
.oryouds, rd.ri4., dilrdiDs by a radd or h in e. Duing the el.cftlysis or
{arr. ddriim iom e di$h.4.d ftoE Elowly thd hydroscn id.. As .hctolylis
@c..ds, rde Ire sradNily boD
cm Mo.Uy b. ottuh.d. Tnis is no* ddhium oxide is obt'itrld ommmially.
O.nd dddium cdpoudr d. Dldo ftom i! ts.Iisu.17.6l. D.utFum didc
hs r- = 3.3'C, 7b = 10l.s"cdd de.siry' Ll0ecn :.

---E- ". 
oo- , o,

D.so. #DNo.DCt

3. Bo{ d6 hrdrytr (a) edlt aid (r) ditrd rrcm d'.

4sbl.iowlh.rolwils€lrdb!F4&dfu@D]o:

D2, NrD, NDj, Do, qD:



el)
G./ \
-/:'\

\l-loeo

an
e.go

\,

cYQ
g?],'i6?
(ryx\3)

G/.!)

rh? phyietprtpcrts of sme ol thc physiol pFFc4h. ofrab h.vc bd ncmioi.d Thq m: bond
roE 4re ii H?o I$5r.5 aid Fisur 5.6 i 5.1.rt, hydrcgen boding t{4.?.r1, ncrring

md boillns tmpadue l$4.?.31, ie l$4.7.31 and rhe dtu$lulion orolgoic aolnrs
t54.731

explrins why watr is r good solvent ro
a srll dh$tvs in !abr. Morc dea n siwn in $ 10.3.

oooo

)4^,-.

sgKoow
@
/r)-e,r,

(El6.)

€^€8'"
eo -€-P A-
E8E ",ffi;f5"ffi{lib"H.
OOOe" :r: **,-'..**



@ Poq& hG ftd rhe r@ doMvardr

(r') w.er ir e @od sohdt 6r idc @hpold

17.10

4

Hydft!.n ios (ids 3uftond.d by wata mol4ul6) m sril€d rqd io$. FiguE 17.3
shos rb. qua$dium id, [Na(H,o)61' d Nr'(aq) rdr 3hod.

Th. ri+b$ b.haviour ofx*r ha t€n dffiibed in $ l?.7.1. wn.n salb dissolre
in *1ra, {rir.olutios i€ on n ldlrd. sd. salt , howd, ed wirh sarr ro
rm ddrc d aft"lne srudo.s tE! rr.?.r31.

wd lyinolyes mdy iodsdic corpouds (e.g., sic\, Pct, m ar@q
c@pMd! (..c., @d chrdd.s, mid6, mhydridd &d cn E). Unlikc rhc hydrclyd3
or sslb, lrHy of met. @c6ont @ t

(.) Mdy d*c. df d€or cdtrrpduid! dsdvc i! q&r.
(/) a soludoi ortu'l'rn $lphidc h* d uiplr!5i

O Il :s d'isros b d$ok Fbsi@ qdd! h wtF
O) adbn ldrhd solurioi n u&d ir fir€:ni$isho!

?E
--@j,--ar--"

iP'-
.@"'

i

cHECXPolltr lrD wArai ffi

HARD WATER

8im ion! m.** wab hdd. A lorp !rch ar
edium odadedoare ctrHrco:Na,

d n,snaiu odademoar?:
ca}(aq) + 2c,?HIco'-(aq), (c'?H5coJ?(:'G)

hn!hN.b.0peipided,&dlh.$lp!' l |
Dekryal4 lokq avt i' la(nd. Ddcisdb do not tom $m i! hrd vds Thcy n. rhe sodium sdt of

[/d wt r sulpbdic ridq &<l the 61cim dd ma$esim $16 uc soluble:
,A\

sodjmdod6ytb.oz.nesulpho.d.(.d.tll6r)



$her hrd \2rr conkini4 calciuD Lldrce.r

4'Jrr ffd"d,r wdbine sd4 N E crLcium rnd masnesiur
WJ'14' , ,a io*!s insolubl !c&bonats

rluminium silicde (P{muiit!)

ilAlnb{d c pehd.dly l',r'l rd(

C{lgonq aod \ioila!F udr ft th

in" is rcdy foru$. tsel3.7.6 ror rh. rheory

r!4r ld Pu({nui \n idchjdisdrraooDFrFlgunssi  s8.2xnd31r} ,{ r42t Many
opu t*at.byNnnren 

'|roueh 
r $lui

(Dhhhg nn.qch.DF rcsins It3.7 6l



o Ds ,  r !  Lr .D.. !  cD. L/ i r !  iqrDc

(4) s$trha lrdl lnotr !'s

or wshhc soe n*6 rdsdrr0e
(!) srrkdis od ndr!.i\ ed rhc \q& r kdr * re

7.11

H
FLUORIDATION OF WATER

dr\idc rhospl'xt, cxj(Por),oH. i$ !rtd

Theequilib.iudli.sloth€le||

iioufi n 6 3 wnlin the plrquc G g!]alii.ur dbs of micrmrBinron {h,c[ coris
lsaf r rhe chicfcurPd' 60!ari brctria Ln rhe

o 
'rruq'mr 

Df d..ralciri€s (deQ}) nd 
'he

car(Por) .1oI l ) , .F.

Mani Dorl! l irlc obfded b nuoad
vq hth kErs or nldidc ore dn4e F Edh bng tm *po$rc b hiqh rovd!

. hNs$.lhdlbqc il.o rnk to rbe indi\idul|

3 | h! dors ,uoridnon d dfir 4 trns 6{ci' 1{) [E
ddil idun rid (i) d! G!!qongrl



3. D{infb M$( fdd0r rtrd 6raa'{nb

'L Dtrotr! s. dd-5ncre !udrdq (Dqdi
qr i i r  !EnudrhBc! qD)

B) \aH. (r) cdr,. (.) orr. ir) NH,. 1.) tso. 1/) EF

(o (notu 6c qqg, paduqd !! butu8 1 kc drtqh of

(/, Hrd@+n i drq ssBArcd n a rcPh!@or f! d j.r

(i) Nh] rhodd 1'rd4di * wr s ! bdk rnd hi

(it wtu, cdltoon{,i prcbts K r*.t b adr tren rht

(ii) wB' disdrm'$ nighr d.r s h Nra hrdrccs $

(i) sov ruehr hyd@g4 e rrcdwd r an (,amqrirrj

(Rdr\ ! ron{nsE! H = i ,c rr ,o=ro
(o &c 90,As)

(r) Hoq i d4roun ondc rHro (Dio) ohdhd iron

l.) rl l iun n nade 6y se 6nb4ed lnibh 6 vrh

(r) Ftun *hr d[o sdrc' nuL n * !@3 d!
(it s4!6ra oe6dbrshdlhrlq{rioi n*i' e

(at vrd r[6ri Lcuid.HrPo:.ndi$otur Dehrs!

(t Hoeord'h!ilorrdlhdomdatourr.r Fr

(i) \ 'bi' ddldios o! s Dad. ibod th. nnrue d

(iir) r,nuooundondrhldbsrrlrd I benncrKl

rnliun ntrs o\.r8 l{rdif o

o (r) skrch d.sonurd!1n[undlnrholoa

(ii) Lrhh ![r i nad by r{d61io!.
(r) rie iriitre d,nrin i L: I yqus low LoDBNU n
ub6r 16/9(niDqan)of 

'dtrli i.od{4b 
rsel

() ritui i ud b rLc ! ridDidi* l Frh rd{i6

(r) Eiphn $hr cHrcdroH c coo'ded h e !hnL.
(,,) DE{ rtu'qo!cc!!omei'dcs,csroriho\r3

(ut hplu vhdtu! bod orsesbEopnosdBlnii(ri)

(l) rrriob $ Gr, o. rdru odc (rro). n us t

sic r: ( r:o: (,) rcr. ft N r i. (,ii) .!lor):
(Nr91)

ii*d'iqi or r I'ydros! rowEd a! eirc $Nch v@u
Fn'ob..oddei]b|y.ge&ilhtrthcFkdqgiN
(4) !s DB 6e forouDc srdp$ d@nbq'b^i

, r j !o$i :  r1- lo:

^4.=!4 
hoj l

ad the.dra]s or fonr6q dt! , ol@bnc (tskdl *

c?HiN + trjo: -.3co: eHzo
(r) Asuii is th! {p@! tu ndq a6 ard e d$ieNd

k) o rKs$ncrtu' d.ir ls3eir6eu{d4fuLhad

\*bhenadeb!huihscoh(opredcnBnbd !
rrhns)rolnrshsrrtrNldrDL6ibii\d6c

(r) (r) Gircri 'Do$ibrridqrlLslruri* rAf ddar
sLrcLlodorphiio(@t!!F|
(,,) whr dlldopnqi! lquld jou osi&. o{$$F u th



18
THE s BLOCK METALS:

GROUPS 1 AND 2

18. ' I  THE MEMBERS OF THE GROUPS

Group 1 d Garp 2 dr rhc Pcid,c

,id!r5 {crnlcd in rrbr i3 r

,1n/nm rnbm 1tlkJmol ' E"]v

= ionic ftdius. rR = nnrradrr,iwhde I- I! = mehi'isrbo'l'nstmpd tr.,AR

.|dcjes,,n naidld e {tod. potntj,] )

r. rhcl & $f' rr'qlai &.ulwirr' aroifc



s rhcd, of oeLrins and vrpornrdotr

(L! Nr, K {cr$\ dfff 
'han 

\ad ) crotrp 2. \nh
mdali. bordins, {hi!h n Ef*cd h rhlir

cqokdbahighe|sueylevdvheD'he}

ro\ h harc | lavd.igrh in rh. v(ibk sp<hn g r lt ms ebmcnr rrrerorc
blue,(Be .obtrncss).

M(s) - M"'G) +,e

dn rhc iorxdion ofrhe N.tcus by rhe noble

F.uP5' |h{ d@'oDN t, b. removed b

pdi ' i , r .  E 16r I

M'r(aq)+,c,MG)

rejDdicars $d {he r*eFe pic* *il l t*e

cD rhc $an ste of Li' cives ii r

f2) BL! n snn dd highty cha4c



14.2 USES

r- Morb sodlum n uled as a cooram in some r) p4 of md.$ rudor. rrs hjsh

rempd{urc is ftr.h highd .hdn rhlr otwaH n*e sdiun sunabF lor rhis pnrpor.

irtriLr lor sp*isl rpplc ims h h vq n''ible
y. n e yne is corted m phdics ro cxcrudc

r'sodiunkpoflanpsIt6.d|orste'|ighling

rhydridobonr, NaBHi Is 35 4t, ar Nd as

n.lioD of sih( md gotd.

B.ryrlun is s.d for mddJ,c cdr,ins for uruium-133 rs ii docs nor rbsorb ictrlols.
md lh{efore does not bsone Edioeiiv..

l. M.esiuo b llloy€d lnh ahminium ro makc Duotuniid Ig 19.2 U.
2. Magn$idm b $cd as d rdiliciar anode ro prtv.ni noD rroD rurios lg24 t4.51.

3. rhc idld* lhnc liqb' or bumiig ma$esium h u$n in n.rc. od disre$ sigmls
nofrlxiiumt!r4 9.21

14.3 OCCURRENCE AND EXTRACTION

o oeur uncombin.d. crcup 1 @ fo$d ij
rl,adlon b ,r chlorid*. Group I rc foud $ cblonds, .dboia@s rid sulphsbs. Tn. rftls

a/.dr,4{ m obhind by clcdror$k or 
'hc 

nol&n chtorids tss Ficlr r3 4



.,/i rrlr ,,.kr rh. mdxl. rhe 
'ne

k) coGitrhc Grcup L. qpbr lhl rhc Edtos d clh

(4 $'hnh ddc bs N'cd i rldc rs 1 x rkr' b hrrc

'hc 
h!h$( {6dpr lcnse) dh}dcrbol Erp ah rou

@cidrcd b tror tse Bo.o Haer qde ! r0 I \@E

miniiadiprl]dh13 5 61. hpLii !8 ol.im

ta.4 REACTTONS

t14 tit 1h6. ot B.,nd ioi.H t\l?l Btrllrium dd mrgmsiun ii
,vs crDn24!r!i5urdloposjrivclhan rhcE{ofrhc\bh!r. ind 6mr !o{L0nr hydrid6.

)n k\|!p] 3? d Me)

zNdt + rH.o(r) - lNrorrtaqr + xzc)

Nrg(s) + rrroler; n:G) + MgoGl

xc4djl i l ]1,.4tr4



/14

t--

rfii) lr@il ".""o.Y'*- ' '  r l
I f@,ltH4.l

h| letnl t  t t-]- r.,co,

g4"nD d
----

I
jH4l  i
tfl't \
f

6ft) E*.-r

@ 
"""n.

xe4ri@ do6 rc! rud *ih warr, bur reds npidty witb &jds
Masr&t rcac6 do*]y vi.h Mrd. 16l vidr nem dd fr4 virh rquh.
cdl.ilz ndd*se3 a deady rcaciion wnh wakr ad a v(qoiouE Eadion

@L*.",.o,".. 
",n,on

f

iuon,.L,r FEi6l - n',onr. 
"or



hchighionisdionmlhsrpiesofihenda|io6:

On addiliod or watr, oitads give d'nonia:

MgrN?(s) + 6HrO(r) - 3M8(oH)rG) + 2NHr(3)

cav 2 ElLr rth Grcq Tnct ts t ci.r snh srbon 3i hish hre8ilEs b tnD .irbidq\;
,4ta, Group I do nor rcrcr. crlciun' dnrbidc. clc2. rcdcr\ rtrh *rlcr 10 e1* dhyne

lF gurr l? 7. | 27 l0l

tr,Mrarddr Dinddss in ioni. s

ukup (rh.l!ni.cdisso.idiodcnllixLry

eo the ions rc h)dntd. lrhe end,rpy
oa rrydErion h hishly qdhe.nic )

Th? 
',tubitrtp! 

01 flh: Ille sris uil h$r*jdA or Crcup I
4/ ri z 

'./a 
r singu.ba.ccd, 

'qx5 {c NrD(uo:)r(cH,co?)! rnd KrN,tco(No2!l

ta-5 coMPouNDs

htdtatp.l an'ttu,tk|| l lvilhhjshlh{edrn\irj$. rhrioD5 Li and

l$ 15.21. rhe c*ions bmd 5y ihe 16

Bm HaLrcr tcdms' t$ I01 rylair *hy rhacrndrrrprcfcl 
'o 

lnnclcdrovi'lol



(d) Lartic. dln.lpica ft hicha.

(r) Ellhalpi.s of slvriiad de highd.

Th6. .vo facb6 hav. opposing.rdb on slubility

syaltdth.laltjemth'lpy'

ld? ? Tnis otwisl$ lne chdse in rhe .nthalpy of hydkriotr.

THERMAL STABILITY OF COMPOUNDS

Thclhan,lsbitilyofanionic.o[disna$ftdbyitlsbi&rdbttiemlhalpy
t910 1. rxis depeod: on .e fdosl

rr@ror I Tb. ss6 the chs4s on th. ions, de Eeard is ih. aitadioo
bd{4 $m, dd 6. grc.ld i.lh. radce dlhipy.

tadar2 fte smaljs rh. ionr, rhe m
hnice, and rh. si*itr n $. hrie drhilpy.

Nihrs dEompos whm h.at€d. Tl'Ge ol Crcup I (.xc.pr Li) dmnpose b
rom nfui@s inilraks(nl)) od oxyg.n:

,KNO3(','(No?(t+otc)

Maalr or Grcop 2 sd ]jtniu daDpos tunnd b fln rhe dftr onde, nihso

2Ms(NoJ:G) r 2MgoG)+aNo:(g) + o:(g)

sinc? de NO: ion k sDolln rhu th. NOr id. dc aolid lar.ie ofNa'NO? is

s n nol the case ror GmnF 2 ni@s. Tnc



nw I Grccpr Lt arc 
'hdmlty 

srbt. rho* dr crcup l

cacont-cao(s)rco: lc)

2NxHcorG) ll!l- N&co3(s) + Co?G) ' H.O(s)

The hydrogen.lrbotu rcs or croup 2 I r iq\! na 6h Thcy c xisi only in soturiod
deonpo*'oromih.drbon*slst?.t0.U.

,'dDr,r4 Htdrondes r:ouon ihe s aroup I Gr.. Li)
rc s{blc llos or cn$ 2 and fthum m d{orposc'l by hea(o fom ond$l

birch'glr l icemthi lFs,mdi i t

Mc(oH),G) I\ Mso(s) + rl.orl)

noiids rh*e re G) norn'roidscoDrrnnrg

'hc 
4idn or . (b) Deroxids cordnins'he aruon o?r .nd G) supeorits (or

hypcoxidd) cotr'ritue rhe mioi ol

or (s) + Hzo(l) - roH (4)

or: G) + 2rr,o(r) ,loH ({,1+ Hror(A)

^n 
areup I hydrcxid$ &e $luble $ r3 r 2t Arl (tol r_roH) .E d€riqE{.nr

*dtrBq'|liLnnhydmideIblhdlic

.xdoneaidchlonierrheriontlt':21 wirhim{curc.ihode.lldrosdihis
I hig[ ov{!bh]g. r'hi[ rrs {[e n



Na.(aqrac +H31r)-N! Hsf)

2Na Hellt + rH:O1rl , ?NxortGq) + Hng) + rrrg(l)

(ts

qr D tr0 r. udi(n $lh phosrhoru\i

N!'{tt)oH (aqrIH (xq)cr (41 Ne 1!Oal 13q) + llo(l)

cu:'(rq) + zoH (lql: cuiorr):(s)

\ r r  r t rq)+roI I  (Jq) , l r ,oH).(sr  """ \  r r (oH),  ra. ,

a. rrrcy displrft lerl bb$ lntu

NHl kl + oH 6qr ' NXiG) + uro l)



(/) ririnctic odysh orri& ti 3 ral
(?) Hldmlrsis or orgrnic compounds, ..e.. esh

l!33 r3.rt,amid6t$r3.r{ md nitdrs Ir3r r6l
Sr!.iifdd0o. rtu hydolysh or $. c$ch or
gy€rcr b etu eaps Ii n. r3.rt.

(r) Manuraftft of sodiun mdbanoar, HcorNa
t$33.5.U.

carLd 
'/,L, 

/t ?j rhe aqueous soluriod h cdlcd

{.r) Readion {nb .hbnnc b nxn bkach4

'r]jis i\ r u* !,urc0 of chrorre. $tri.h ir

() r&'menr of r,elds which hrv. hec.Ee rm midn

(r) Moie = slakLd rimc + sxnd + water

Th. pasc *c Dd rh@ buden\ rs ir cids wnh

(3) Maoufrc'urc of cxkim hydnceosuhhnc.



$ppkdrrJ'b'nngunc

l

LlrH:O rhese qnah €fionic. (gLy. oli trr(
lenor) L roin rhe noiDl')dixt. N?

t\\r r1u,'r Dr.el sitr.! Ind.htf.

sodiufr .rboMe .!_nrLs ({shmg s O xtu i{rl i,r \.n!rung bsd \r!s
I t17.10: l  

^nlvLotr5! ,umarhon

Na(lnqj  + c0. isr  -  NIr .13,  + H.o

rNJI{co t i  -  N co.s\+.o.(c H.o 
'

Ih.nL.Nn ordc pur ' ( iu LLIn ntrked

cror i ,Hotr . . rLoHr[ ,

l lt.nd 3nfdd,m lbbddcnd! t:lrsn h gilu

rNrI  cr  - .  .Hr ,  rNts cr  .  . , .  L r  iH.o r) LI



czH:(.)-@+c^LoHr: + H2

L

I r l

tzt

FI

Ir1

Ir l

,  @ ." [* ,  I@-" ,,.o0, ffi_ .,r.'1

*,.1,\,-*#."i.

^ tffii

l
---,--)-l

'fte dctions ormsndiun 4e simjlar, bu!

r Mc buns wi$. bdsbt whit. [me.
' Mg rtds wfih scan b fom Mcq b4 only
t Mg + @ld. dilu'D HNor(,O erves H?(&), not
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3. t4riii lhr trk(Hcor)r ed c!(lco,)r nak ldo

Nlrcor ii Lhc sdYay b!{ tB ! tr 7 rr.

L lr') Erp dn lrr c!o() hd a hisi€r {mdrd hftc

(r) trrprn vhy irgcorG) r nor *sry dso4pqed by

['j;:.i l:ll;;:11 
*chqr *c i e*'h.h4s

codmd n'rr, Nrcr. is nifun, e !., ii chohirc ll n Kd ii rh! nlnufdure of
sodiun I! 1$ 3t, sodiumc onar L\ t3.5.61. sddjun hydro . I$ t3 5 11 aid sodium
lhrorfto) ad sodim chrorare(v) t{ 20.7r
rr . '0. ,0f1

roms conprcx* rr synrnns a5 cacl, . 6l.110

Fotasium bro,iidc n trrd as r s.na.ive md rk. td !h0 producrioi or sjtv{ bronjidc

md rl oxid.. liydrdrid c or cdboi rr.

The rhdnar srbiliry of nrtu(\ trs bd lorered in i{ 13.1 r

arr4ili .ob'uMsurFH^rE Pnri.rd by ritxriDs aqucous sodium hydroxid€ wiih
surphuri. acid io pH 7. cryi.r|ns rs Na:sor 10H,o
Il]seoid'cquaLvo|ufcol$lphunJcidi\]dded.

p3nhlly h sirc HaGq) od soi: iom.

Prcsmr h lap wfur. cMsins psman. hddne$

Mincd as 4zrr,r"L. casor, dd s prrffi.

Tbe r c sivs ptaner or pds whfl h.ftd d t00.cl

2c,so1 2H:oG) +s (caso!)r.qro(s) + H:orl



srLgrlirr sd 16b iom qroiuo $hbrt1!tu

iA.6 HYDFOLYSIS OF SALTS

, cnn! i ! rMlt n ! lompouod \nh (t ndn :id

IA.7 COMPARISON OF LITHIUM WITH MAGNESIUM

shD rrcourlrncd jni 15.1 Lirhium iois. Li

b€i.s enrmly smi,ll. st {bh ro polans annrs md give compound! I hlgh

and dillq! fnn other arkri nerah aF

' ' ' t . 'eaIo| ' ' '
" , 'N,  

| . rdr  ' .  ""  9d'1 . ' "

addcd n, a $lurion .f.opr{Il) $r0hdq r flsipibt of b$i. opto(Il) orb.Dt,

cuco..cu(oH! rH,o. is ob'ine
hyd-i""-b-d" 

-'"ri,- 
.*' b. 

'sed 
,o sive r rdipnrie or ooo!r(u) orbonat.

,  s" , ;  , "  .

Mscl?(aq)+ n:oo = Me(oH)cl(t + Hc\eq)

If arpomioi i\ !di.d out in a nE

r he \drurysis of iruminirn el6 n n

(d) h rinshN ftrio6. bp rnq
(.) sodln .oms 1|o $Lrhr$
(, Beryrriun chioride sru,btr @
k) Bcryru0 dhidc is a courlil



lA.E TvvO INDUSTRIES BASED ON SALT

H
rrit4NDr &$r! !t.!$\ 151r3 5 6l

innr^a!D h ftc\hL( l{. Fi!Lrr t3 E. i!

hco!nudLeoud|oqgdLgbl

grotr( i t l i i j  sulches Th$!.(d h hc

\rrso,(rqr + crton):lxq), casorist r :NioHrrq)

rction ot nDrd{ on lini$bnc t{ 
' 
? r0 rl. M.nnc cnruB ftnov. .arlium rn

tom rh!ioi bbuiLd rhcir shelrs Th

e Rsdlonl5l in{t3 s.6iseliflfud



MeorycdLod..dr\lscc rigur r3.a.i rs 5 t prodrca La'ee iricrion othc

l$ Fjgw 1331 rh{e.re disldld

$c lnuhro !r'. mq!ny(lI) .hlondc. I' hrs
[dnblakessdr i tx.Highbrc(olnqoq

1970. r00l,]{s m criada iDd rlir u
hiebftroq dd'olJrshmueh'ilr
m,snrbcrcrBlcd lo 1953. l00pedrLcdjd lod th.u\rDds ltm mxined ir luiDrndr

DquuDqlr d'ro.ide is a cd!\d ;n rh. rurlhrtis'idn .r drrm t!, r.101 rhc

prclipnad{n b mrcuo(llr suLpbid!



Frifid snuruttt bi.! n fcd iddrl

n h[]'s lrEtr (hr n the q'hod! m

hyd.oride romed in rb. .arhdde c.m
$L,r 6 ax% by mas $rurioi orN

ls ion€din sns rbc !dr-s.rdrcx.h

t

r. wu!dorou Lhirwi 30! Icrob,{os(") rr$,Dne
l id( i l  (  &! tu ' !  r3 nlshytrso'Fdld

r.  r )  \  r ldq$ Asn n NrExtr l



olird l ir ! 'r !o d dr Nsqri$ d cd !n n

' t j ief6] |d\ht4du' Idr I l r ] ' ]u ih

tj 6. lhLhrir d$e niphre. d{oodt lod q6oin.

6. h!@tq4s\rtugqrsnbkft ir| i tndr!

af dlo blk ! 6cn r x rlr d 
'Err 

dqun! (Bc.

(!) rr) Eb{r x i. ids @dL} l ih or}$^ b 6n:

(itreoonroide'ixrhsfonnedqLdrr{qosr!
}6 9rq b 6m 6e |\drcnde dx: !ij! d;! t

(I ) shk er,( louar &dL\t ron 6ei..nrr!na6o!!

(nJ r[ h]nutdL d r 6N 6md a sp{ nsr} ![b c h

1d (i) rbdi !f [ i ! dcmld, id ! 6c u6r poneh
b! 6c rc{riLi d | 3 orrq^s1 r lii (, ud 

',1 
dE

(d (D ur $e Pqbdc riltirc on I n h hei(r d!Do1 r

(o scrL ltu lobr r ]!u vdid qror hc ils d ,qqr x

e. (d c!€oi (q{ni d 4sprcFnisofl i ldLnh1



(rJ whLld,trdrgcisrturciurshduDF d & rdr.

() 
^csud 

h m! hd dn kry ri 'n f lf dt is $rq

(o e, s)
0. (d ri) whd{{ scnlo tud Froci&6rr

(ii) G r I onir ror $c ryprd sopq.Ls d bq riun
(r, h 6e rish oni. hdd d@oDrrd r 6c qum(

(,r sc add d odiuD qii vrtr
(it sc lLbhy r \abr otuadiuD s o D€

(Lit si$[,bh] r ]rsofr adiuo hydoid!
(n ft lDrd boDddeinduocoDpoudir lhe

(!) indhod rorob'N^ryrdDur@nironrould!
(.) (i)Pa onkd*ysncsdmruElyo€uo4rrodum

rit $r] | Lhc d(uy d ! rud o sbts d!{iFd d,

(  i )  
^  

lndrol : lRrr ih!^ i i i i rossoiLeDs$hnh

(AIDe])

rr (,r li) sor! dL!@ldriNun&r\hdD4rcllo{d

16) conp{c 6c .bd$rc\ d fasE\[o ,!iJ lrtrj !n ] ih

(rJ s. $rubirtrs oi,hor $rP[ns u \!k.

Nrs. B!. (()i) . !d l id\ed s ft lnei 6do! Frcn s.

xooDrdEr^! i  nhi" , - ; , "  
- i - in i -"  

i -  l

(MohrrdLBcoiroy45dzJ.caod r amGdef

n. (4) (D hrix[\hr frind6reo.horoiri)uondc,

krahydddobatuD !nb^, DHr
(i) Erp lin rb] sirr chbodc, Aac lobldd s a liie

rd) A! denor. x. hxs sudud r^'. E

bol4ioDfiggi$d4%od'3|JndlGEcedy

lD h'i0 rL'h! i6d! iir'orudotr se4',virhyor

(r, shr ,our qplrhfo$ lorcqd4 ft th(@r 
"ahii' 

A

(iit bdiob !i 4rhi h4! you sodd 4tsd Lhc rbqoi

(NrEc r)
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' I9.2 ALUMINIUM

exraded D quinliLy only\in$ rhccndorrh(ninchlrr enLory Frcry modhn$
u$s a( bcing round ror rhis nEral w

FEur le rl Ahminjuon,hrzi"ci

g.ir fteimulltingpropflyorilufrinirn
t herr (l.e , inf.rtorl mls). Frenian'cly born

n ihe fire ind kfrc dE n coollsripE le 3l
The polished sua( oIdumjnjuo ji
Alundum iN r good ehdn.rl coMu

GROUP 3

, I9. ' I  THE MEMBEBS OF THE GROUP

a|$|otr.o*|m'mnpdnds.Ibrough
p .rbird and tbe rormation or thtu srz hyb;d bonds Il 5 l.rl. Tnalhum loms
sm€ Tl' coEpoDnds. Aluniiiun is by tu rh€ mdq inponar or the mdals



pulpoii bdiloys(e.s.AlMsxidDuEluDi.3. Arivsico rErc,hichdld\ird
ronofrryraNmd smr bmr t:* F s"R

'e 
4l Md! rd md. pars orss rE bcins ndr or xlufriniuD: mg;c br@ks.rn

vant,gcof incoaontiDgaluninilmpr(is th{

s\t

I



$h.n llmidum G !ods.d, rhar n, mrde the anodL in an cl{drclyric cdl ol sdphunc
did d .hromi! {cid, the l.Y{ or ox
olde is hydated and can ab$lb dY
frdcs sd {indow rrm*. *hish a



+

Aluniniun is lnii.d rs th. orc bruxilc, rruminiur oxid+2-Na&r 
^LrO3 

2H,O.
{hich conGins llico(rv) oiide and nor(rrl) orid. ar in itics. Pm dumidum
oxide n obhined rion rbe or by ur
rhc id0fitics, silicor(lv) olde is rcdE md non(lll) oxideis bsic Aftd b.ine
grouod. rbe oc n n.!td !s shoM ii Fisur !9.6.

I
T

ofalumi|iuh onde (20s0'c)n so high rhd ddolyir or 
'hc 

mo'ls qt! wd
br d.ondnbd, r solver' nun be used ]re cdL sho$i ii tuurc re I .onkins r

nuondd xid ,lmidunr fluonde add
Alunnnrm oxide n dnsohd in ihis D



,1,ad. 1^loi 
- 

2At:or + ro? f 12e

om6 r09 r an(i & n$q bd ; ir rq 5

i.rL s{Bsh*rabk lr 2.\ r2r 11 btr' i's

ca.bon (d r hjgl' trpddurcr ul r

{ mdlk (cg...hioDu'n) ftom rhs. o!d$



Njr.i. { id mkes aluminiun p ilsivd 6y idrcrsing rhe rb icknes or $c orid c ri m
Hydrochbnc rcid bd n phun. acid

2AlG) r 6Hcl(aq) - ?Alcl.(aq)+ rH,G)

2AlG) + 6H:so1(!q) 
- 

allsorr(r'l + rsorc) r 6Hro(l

AlkJis md wirh alsinium io lon

zAl(s) + ?oH (aq) + 6H:o(1) 
- 

2Al(oHl (lq) + 3HiG)

r]lc chusc/ndius ra'ioortb. A|'ioo n runkorch'sc/0.05m. 60trrib or
chrs.nn ' Tnn B'io n hiqrr dne =loandMs!=]0
unirs ol char& nn I It n simild ro rhar of Be" = 66 tr

n cloud oran rnon $S a 5.4 and I 5 I ro
ovft ch{actr. Iluminiufr nmndc is ionic.

rhe oid{ h ltreely ionic. wiih sone c
bionidc Dd iodid€ hxvc pold o!.ldt bond s.

ri 4u.ous sorurioD. rhcAl}ioi h 3
roromrheconpldh*raquaatum,nium(Ill)idD. IAl(H,o)6| .Toehunionndlor
clqsr'i.'tun.d io fom 

^P' 
ions is I

Ar oHr b.n& r. rormd. sir w'rc mol.cd6 E dndbuied drh.dtrny rboul
m 

^F.ioi 
ts* Figurc 

'eqa)l 
a!

onof alonepandrdqr.i3t36Fieurc le3lb)l

: :  
' .

md rhc hydrosen a(ofrs huyc r gt,$ desrc. or PosniL rhdg. rl'{tr ii ft* Nds
s on the bJdrcg.i xroms r rd bs6. \hd'

my ab{a.r prorons non drc.do!d

lAl(Hjo)6 |' + Hro = lAl(oH)(Hro).1" + lr.o

l^l(oH) 0 r:o)r lr' + Hro = lA(oH):(H?o)! I r H.o'

&:
I
;,,



ldrdl)ss Nr2 T lll lf srcnslr bxs rt
r i , r /drr  pbor(ce.oH,co,:  .s:  ) .H.o

t^(oH)r(II:o),1 oH = l^r(oHl(H:oll(s) + Ir:o

tAr(oH)r{H)o).1(t + oH .- lar(oH)!(H:o! I (rq) + Hro

'erah)droxoahDLnde(:II) 
hs:

lA(oH)rlHro)rl

u:uallr \iucn 
^l(on)1 

(rq) and !dled ldrrhrdoxoaruminalc(r1I)io.s o. slmply

md h)dRr{t runidiun hydrcder prsipitded

it" \dq io' lF lad t Trrc hish lhdsllndius ratio or dunlniir nns Fa[6 thcn tr*ful coalnlaring

.nr rho d. abk b jom ro rom 3 s
rold.r o8ri! mdcnal rtun wd{lle 5.41

qih d 4uldrohioioduohne(rrrr bB Gt 6!n

F!srj. ri:(sot)r. 7iso,. c,:iso.),

d EipLD }hr runhtum 6ods 6cu krnnrur,
tr) o{h{d dldi{rqbrs (!) mii bdt! br! {id

19.3 ALUMINIUM COMPOUNDS

h*norbrhql i igduoi i iunjn,nta 'nof

rft \itt,! oI h, i,*

t | .1r{rt0 til 1!x,
gL$,\lr (rq)Ddal (rq) TLebrooridcrnd iodLd. rho*i

| j !u. ' ' res[o{sl | f



Th. chbnde, bEnide rnd iodid. dissolve in covared solven 6 ir. bcrznd Thcy rc
imnorb dhly$s in the Fnedel-cnrb Erctions I$$ 4 7 a ro 2s 7 51. b-,ut of
iheir abirj'y ro ad d LNrs r.ids (clcLon-rcpbn) $trr.?.1 md 23.? n

K:SO] 
^rr(sor)r'r4HrO

rhan rhe 5ifrrlc sxhs fion *hich it ronB.
(ooar). hrkiis il lcss ldluhlc

Aluiniun oxidc n nined as brunie. Ii i ampholnir. wir,L1 cids. n mds ro form
s,xs or rhe l^(H:o).lr' iotr Gsdiy s.irtcd Alr'14)), md Niih .lkalis ir roms

'' r slrn'n.{! dnr { OH .

Alunnun ordc (ordn d,Lln ahmila) dhly*s rhc.flding or rlkfl$ n ir
pdrcchcni.r! iidNtry Ii 26.1.21 3nd lhe dehydrxnor ordhanol 10 srhors tS :0.?.21
h k rftqumrly usd s thc dlionrry pha* in colutu .hrm osnDhy I! 3.?.21

Aluhiiium hydroxide is a Nhne. selxtinous prccipii.t lom.d whci mionix soltrrion

warr ro beof. hydnred alumidum onde.

Alumjniun hydroiidc k uscd ii th. dyciic iidunry. ft r crrkd r 
-,nr,,r 

(L*in:
dudlE, ro bit.) as n heh6 ihe dye i
solulon or tuniniun sulpherq dd J
of rhc hJdm:idc is deposied in the fibFs or the doih wben dre cldh is dipp<d

5d o 6 dbJ 
'h,  

r"r
md held by 

'he.hdce 
on the Alr'(atl iotr

^luminium 
\trlphxrc .ry*Iis$ ss rh. bydrdq Al?(sq)r

amobb or ,lminim sulphde and potxsiun sulphrt aE dlowsd b .rylallkr



i\r2 s()4 Nr:i'jIlso!)r r:1H:o

rrcdrs0L xr ronorPhos irh{ ram

\  ' '  
lcf i l

/

i  F@ -" . , ,

*.--JL-
----l-

@

s. ?d6i /d,. Kiso! Ar.lso!)i }H.o.{o bt ruldr



es*. d{ohrg erdr fthg vih diut $r|h urc eid

{

' I9.4 *DIAGONAL RELATIONSHIPS

l. rne o:ides aDd hydrorides aE rnphorcri.

s. b.41hb si. ts<or r)rt,

)dnus (ci{p' AlF. rhich i\ i{Dj4 lnr rimc'is

id ida.. s tB.Flr .tArF"f

prdc! hytr!,lyaar sy {dq

4. fte h)d ds rrc flrmmabk eas, c g BzH!,srHr,sjrH.

19.5

H
THE ALUMINIUM PROBLEM

isblb] '$mrlu ' jd iomi ldcblL4\ i jbs

dcdu.cd rhd il$xs r|t oridr of . m

of isordiis 3runinium. He nrdc du

rluriDium lmargan



wdhl.r q,as a Gonln lbuiist) pro
oDftomi'lum.Heo|]hjnldi]uniumhydlxjdl

tor td 'ghol \kdTobndel ig l r ' . l8rc}

lcbLoro.Lumjiac, N&^LCl,, vs foin.d.

chlo.ide md,xs I'e h?d hoped. mdl
i ror s000 yods. bu rhis sxs rhe fid rime, ir

of sodium usld; ns c*ndion. si'ce the rcacrve mdrls (Nr. K, ca. Mg) {c

lbc posibilii! of aiis m elfttol}lic
ool be melEd io sile r coddtr.ridg liquid

Hdl boughr som. brtisis uJ roud

!a\ju{ rr rm ordrlhe Arumioiu

hm.q Prul H-!.ouh (:3 yer$ old) w

planbn! lodrbcl la i l  H{oulrer lser 'srele7,{ le.?r l

IndioNseof i t r regimsorscdDj[ i i
b.u'' is|ominmplm6neWslcb

io pr dc Ds $irh norc rnd mo!.. or Gn rnitns\ s!|ur ndll

r. ( ri. $u! !N ilr 1") rh! r\rs.! or rcrclos br



:,rAu = r.F{!!1(rim -

Aar, r rB,o - 
^r(oH). 

+ rHcl

o rh!nLnkorndla!.$Lorc@6

(ii ),h!i!hturof nd$d ilnhirn
(ir) wh!' ! 

' tu 
!p$ed nimr r! d rLL dunouD dbode

(vJ r,Fniruervhyrh!appoqrbrouLtrod^rcr,

(r) Drr{ rE d{roin inrctur (i . s! rdlo$ di4rrn)

L Ho! dos ! ini:uu nd eih k) !hbnn!.
(, i!n@!hh ! rd. Gi sd!m hlro d! rc[rhtr'

(d AiurhuE6bndcq!speprdr,hchbqdo.y6r (it \!nc 1 E iuF shtri yo! nord d!{r

;

(i) wLy 
^ 

r oq$ry k 6 th!.brdni.l

nD wbdn Lhiptrp$ d thr ldi inr i dN rEre,,ri l
(uD rhc{udrcnd $trddrn [r{di ir i iNniid

b&riqomLbro$d$dwhyd@ftq0l l jhme!d

k) (, wh{ aru rht iurcliD or d! qo ilj
(ji) wh{ i 6c rcrt d rht wboo!
(r) rlpqry 

'tu 
eu!'L L nrd D c!nad!. Dunftd D

(!l ri! 1 uDhruN Fduc !g p !d i3 oi a4l.*r, I dic tur

o A rq prcc$ rd rtu n!!deh@ ddunhiun r ud{

[) G]\ /4r !duii!s$ d 6c iol 0 qc$ og dtr di

(u) slgssr!h] dodc6crnduiul i i \ud kyd! '

(4 1,) \r lr  u! $Lros l i tuD d ruf iDun !,  !dJ!
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GROUP 7: THE HALOGENS

20.1 THE MEMBERS OF THE GROUP

'D. cl.m..b of crcup ? are fiuniq .hbnne, brohine. iodinc Dd ddinc.
Euonne is a l)oionoN pdc yclow g
(Grtek, cilo6. green), bmiDe n a.awic rid bxic brovn vourilo liquid
(Grc.k: ,r,,ar, s.ich) ed iodine i
viold erpour on s6d. heaiiog. Asbti
son. prcpenies ol lhe ol.n.ia d shovi in T!bl. 20 r.



This qplains rhe oiq olmt ne sd boilins hptrrlurc.. rn iodine, rhe vo
dd w.!ls ror.. e !rcng doush to sushh a solid {fldurc or iadide nol.cul.s
t&. Figure 6.10, !6.41.

2O.2 IONIC BOND FORMATION

Thc halosas d. r v.r' 3inira d of.d,rdrrri. df,m( ften .mc ,h,toscnd
is dEived fon dre crcck rtr .alr fom6, Thcy qkL !s dia@mic nol*ut.s, x2.
Th. .rcosrh oflhe vd du w$ls forcs b.u*n 4 notEutes incruss a rhc
nunbd of crdrcnr in rhc nor.cuk of )q indass. i...

.h.tonq wilh !h. fmnion of o halide ion x - . Tn. n.ps iivotv.d in .he fomario!
ofio.ic halids e deibed in rh. lon Hab.r cych in i 10.?. t:he rradr c6e
wirh yhich rhe hrrogss fom idic halids is d.dnid.d hy dree fldo6. ur.y m

rz.r,r(z) rr. sddrd band dbs€idion d$.rpy of x,G):

!..rs, h,b$lb.d in x,G), ,x(s)

rdrorir) T]'e fiBr ereron,nmiy otx:

&.rgy is rel.as€d in X(s) + e- r x (g)

r.'.b,(.) Th? &ndard lahi.e drhalpy olfie hzlid. fomod:

Fid6/ i. Ele$€i in Ma(e)+ x G)J MxG)

v3ru.r of (d). (r) dd (.) de fn.d id rable 20.1.

aar,r (") oD. vould spd rh. x-x boid ro dcrase in $rcogrb ar &. size or
x incrcas I.@ Fi4e 20 I I. Tnis happds rd th. bond sr.ngrh i,

^fuGroidi@h!d&6r
[cEdefubgj}

'_

g-
gE

:E



k lsI  FigL'r :0r  rL, !  reN, ror 
'h\  

\

20,3

b) nx€! ifmd.'rs tfe r,Lbre 10 rl F,Ldtrrr

COVALENT BONO FORMATION

h dher Ri ddxri..rsri\ l\L! r$rcrrl FLoFr dr6 fu! r|t r$rtLf

$hi.rr f! dosc ddLdi
5 t '$ Fisrur0rt



,p EXl]] I,3ru
3dfT r-T l
rp trE-nru

rd FTI If
rp!E

i ishrehii 0d dro*{ ecu,hbr

Fruoiir bdngs ou' Lbo hiqhsi

.hhndcs aE sF.. siF.. rFj, xeF6

Ftu.riDc hrii$ oul rbc higr,*r oriddi,n $rEs ofcrcm.n$ *jrh which ir combn$.
Th. rcason n tuhigh $rdrd bmd. harpi6 ofcovard bords b{veen uuorjoe

l6nit\ r, uftEcu.lsd orbikrs bclau$.hc enersr

(i) @vd{,6oid odis 4ah{ & Fdm (rbnr!

o) ioiiodiLtr 4s r rnioi nLm6q



20.4 0xtDtSINGFEACTtONS

i ,

x,1d+rc =rx Go

roming hidRtd im\ x GO.

F.om.he!. lusmTabhr0r. ! r0rr  FiguF:05,roucrdsrh*f luor inen E

t0 '

(rturac'ioonncd fdlilriodicanalFi\ of iodircl{r 131 )



By onbining rh. vdru6 for r: shom ir T$lc l0 L you qD rnsls rhse

w l nuonnc oxidise cbbnde ioi5.j
wiu nuonic oridrf blomidsl
w,Lrchrorine oldrc (r) bronids, (b)$did( dd (c)roondsl
whi.h h,rogmr vir bc oiidred bJ bromr.l

tRo€nb{ ihat r Ercrior win hepen if rhe vxtuc ofE- is Fsir\-.1

nuonneis rarcly used as an oxldisin
sd hs aqo.ous soltrtior, thloriDc wdd,, {c orrtn u*d as oxidciis ,senr h
chrorioe urr. rhq. ac rwo oiidnins ?cens: .Noridc Md chbrno) acid, Hoo
nr0 ?1

k) so, .  (4|s:olL)-sor:  kq) rrs ' (4)+a
(r)  HrsGd -  s( t+,H.Go+a

(d) sror kdr 5Hro(r)-  4o,r  (4)  + !s 'Gd+&
(.) 1S:o.I Gq)rsro.: Gq) rr

lhhdqli i) a thblhhtu !!d (iv) obbi o cq! b! 6rl
I

l
l
l

20.5 OCCUFRENCE AND EXTRACTION

ur iiee The ndhons $ed for rhe.omnidliL

md er-rorysh is u$d chroriDc,Lso ir made by d{tol*h

Frtrd;o{ i5 niDcd a3 fluonpr, crF:

isormoknsodiumchbnd. g r rt rnd rhe
dsrsrysis ofbrine$ t3.5 5t.
Broinn. is obrtrcd fiom faerls a: shoM ii rrieurc 10.6

Iodimr niied rs sodiuf jodare(v). Nalor. q,hi.rr ir pr$r ii chje shpcrc.
srptoy.d ro tululcDdddv)idtr kr j{d c
end Loddc(vrjd! on,,lu!{5 i,dme

roi (xq) + rHsor .(aq) 
- r lrrr , rHso, hq)

lor (aq) + 5I Gq) + 6H'l]Lr) , r$r + rH.o(li



20.5.2 LABORATORY PREPARATION

In rhe labo@ry, chlotridc, bn[ine,nd iodine de obbin€d by oiidarioo ofthe nalid6:

Figlft 20.7 shom rh. pEpsdion or cbrodJ'. by rh. adm of.dcdbhd $rphudc
Kid ud nmgd$e(I9 oxid. on sodiun chldde.



Anmdikly,mDmtaGdhydchlo
cm b. m lDn a iap rDnn.l on ro pdasium nmsu&OD or wam.n lih
mdgM6(I9 orid. or l.d(Ir,) oiid.. r (n. ohlodn k not Fqun d dry. n cu bc
ml-ted d{ vatd, in vhich n is only slishrly solubk.

U
e is shoM j. Ficu.20.3 dd &ar ofiodin in

Figure 20.9 Corc.dtrtd s'nphuic acid <lisphes i\e bdrcsE naid. non it
s,r, bd nmseae(r9 ond. didiss n io tnc harogd Is.. Qucnid r. chek-

A sludo. or cl,rori.e in vard h f.dily o.de by dk$Mns blshiog po*dd,
cao? cr(clo):, in M6 od addidg dird. hyd@hlo c eidr

cd(clo): + 4H ' (.q) + 2cr (aq) i cal (,q) + ,H,o0) + ,cr:(a4)

il
rob;ilo hdd!, Da!D6!(r9



i4d! \L($q ar 'cL.  u i  Br o)so, sdBr

\ r . t i ]Jr ]  : t lgubnr i !

20-6 FEACTION WITH WATEB

:ts: gr+ rH:o'1, , .lr rFkq) + o:rsl

ishrd.i! !! jd lnd lhloriclt) r! id.

cLrig) + H:O(r) Ha oLql

chlorn(l) rc'd de(noo6 L. ts',! .

l l lc lo i . 'q)  -  2H'( iqr  + rc l  q,-o.s i

hlornil) ldd dr s Dridtrrq rcir

2O.7 BEACTION WITH ALKALIS

cL:(sr + :oH (trql r cl

The.hLont(l) rMl n ron.d mrl



sLyoxidi .dmdrduccd.nca!rua

sodium chlor!'4r). Nacro, r liddr- usd mild aniiseprc (rlrjLh ), and sodium
chror&(v), Nacror. a powdtur!e.dkit$ 1liDdf!)
hydionde m rloed\ or rhe dllh,tysii of briie. r rher, dc lrL$reo ro conc ,dro
odrr. sdilm .hromr(r) i prcdu
mldc 10 bm ldum chroraie(!).

Broniie bd iodlne read $iih dilurc

3Er:(aq) ! 6oH (4) + Bror (aq) + 5Br (rq) + rH:oo
H&nre rercts qrh cold, dilur alkatis ro givc orlgd djnrcride, oF} lnd 

'ilh

2Fr(g) + 2oH (aq) jr:l1r, oF:(g) + 2F Gq) + H:o0)

rF:(g) + 4oH (d ].rg- or(g) + 1F Gq) + 2H:o(t)

/ltPq Hc=cH- c + Hcl!rarlonE
,/*.,ar, cHr:cH? 

- cHCFcHcl 
- cHct,CHctl

,l/*d,er, CHl - CHrCt ' CH,C|, - dc.

r(t {h& ppr.(TEST for cl )
---------1



i{{ rphhi!} d. iddtror ds rld stl lds { dE

rclo Gq) - 2cl (drqo, (rO

10) ]E,G) -  2ou ( iLq) o! :Or: t  Gd+rrpl)
o] nr:G) r4o3 Gq) -0G)'4! 

(!qr 
' 

rH:oor

hrr(ls ddcmi! k) rh. rtsro\ d6c hdlsq! ]ih
lds a^d (r) d. ndhds orFFdbi dlhcdcn{Lj

METAL HALIDES

qhldn!.nh idet ! . r i ieur lee.s ler. l l  Md s{ i rhrodabl .or id i i rcnnds
us ry sivc rh. rdideof thightrd
r lowsdrddion {d$ rh the hydrce.n haLide kon sives nod(lll) .[londe,
Feclr. vnh .hlotre, rd non(rl) cll
d tlr rcrdion ol iodinc wirh imn ro rorn irotr(Il) iodidc. F!r;. and vtrh .opfs t'

Tits) ,  rHc(rqr,  znc!(rq) + H:(s)
ctrols) + lts.lGq)r ctrcL:(lq) + H:o(ll

.a rl !,hih^ Radtdf ot iotid'

20.4

I A9:'



20.9

^rcil 
6!r() wheD th. h\draEs r.c

Jx.'LcJ.Icof'dhydrc|sldbgiv

Mecrr 6H:oG) + Mgc(OHr G) + Hctld + sHio(g)

^Lcri 
6HroG) =^r(oll)r(s) + rHcrld + 3H.OG)

Thc degrce or hldro rln dln{ry]l on
l"r l5 La. 

^nLld.ousmrFsitr'nchlo

Mdxr b,ridd tr. solubre, *.q1tor

'odide 
ot m{cuo(I) ind silvu. soi'

marised r Table 10.5

NON.METAL HALIDES

er,xic ehf6b. rLuoidc brjiss.d rhe lrighst

chlo.ne ro fonn phosphorustrrr).hLonde pcLr. orphosphorun! chtorjdc, Fclr.

ltu qlcprjo, ,,f rdrulhrorendhme ccl $ rr r ,l

\drogmiodLdc,or be nid.bydiEdrs.h$; Thc Fdhd loks !€n forh)drcger

Hno+cr2@r2lJcr l3)
t t\tid ndnfrd,tt af

tc(d bdFM hydrdgln dd b

sicrrtD 2Hrotrl , sjo:(rq) +4Hct(rq)

sLhco(rvtchloridc sjrj(D(ry)oride

Pcl.{r) + 3H:o(r)r HrPor(4): rHcr(g)
Phd$.honr(rrr)chroride Phosphonr.l.id

c,F:(, + rHrsor(l) - )HF(gr +.

.d sodiun ch o.{le d.oi*Mxrld ntolirD-
pmrioiofhldtugui !rrL,rdrct$! F,s:t r rr



iodide cdnor be nade in rhis
theh b &. h,logeds. ftcy r.

Frdm TabG 20 4 rlu c6 600 6.! !h. $mdrd bond dissocidioi drh py dsrcass

dnrd bord dis$.iarid cmbrrpi.s is rrr. rbilily
ol hydros.D h3lids io aqu.ous solu

Hx(lq) + Hro(l)=Hro'(sq) + x (&r)

Tn.acidicstmgthincEaksinlheordd

HF < HC]< HRT< HI

Hydroso ntundc n a irh v.ak{ acid dm lnc rcs.

Thc hydoidllc ridr !..ur $irh mdals above hydrcs.n h the !l{ro.hmi.,
.s ud crboodes. Hydrclruorn acid rtu.ks

3r$, and 3l s Qpulrur canio( be used for rork wirh hldrocd flmndc or nuonne.
}91$s'businef lmnrercactsldudgb

ronhydrcgo,rrendc. j l \ iakkdnpglsswfs

Tnc chddt risrics or .hbndcs rc smnanscd in FEUE l0 12.

+560 +4r0 + 3?0 r 300
20 35 61 35



:

r, wdd df rhc htu3$ ha' (d) rhe smdkd .Ldror
ndry, (r) rhr EaBt oridis4 pftr, (.) rh. s.ddr
rbiiy b rdm hrrros.i b16 od (/) rrr€ w*$. sctd

a whd k nld bi dsribi4 rh. hrnrohdc ci& e
tnitrg.cas!!whydo'ncybehewiilhisy{y?

!, Ihe biiig rE-perurcs d6c hydrcFn ttdidd &pd

0) E:errjn Nhy rb ortr i e 4wh 3E r ih.tr rho$
oftk o'nr hydrcs Mid6lst4tl.

of3irrs innc ws ddcd b a $b'b[ d EA(aq)r

bu dnon(rv) droi& sicL, n flp d , hJeds.d

6. (d) i' nsdrd bo.d dissoci.rioi cisipy

E:rhi hw nd.nst O) sd (.) rolow l'm ndencd

20.10 OXO-ACIDS AND THEIR SALTS

rhe 
^tudi 

4 thklre Theoro{.idso chtonnc r.:

sone of rhe $ib of rhese a.ids havc ben neoroncd. c.s.. N.cto and Nictoi.
Poh . Ln.hLoEk F. K.tO,. ! I.
btumrte(v) h us.d s,3otrrce of broninc in volumdiic fntysis porasim iodde(v)
r ued r a pnDary sbndard in volmeri. analysis $ r I r. rl.

E

tddt | | F_._a,h" r,ryi,

| ' " " ' l ]Modke$q
a.r* l
lo iuLlod,+-_=-Ji lagt{q '

r.T'
:1-
ii: ohPr*s.3!. ecc 

'rddql
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20.11

H
THYROXINE
YoDr hddj .odkins lxJ00000bj n* oI

/,-a\

I ti;;;;6:l
tNoH('dl

Lodine (anL\s r[oulrhc\t!of !rhhead)

,t:]



Tte kmar thtro:tu n Thymrinc is r homone rhd rcctrlalca $o body\ .hdical adiyity. Ir i! produ*d
a bhpeht ol to,ltu by rh. ,hFoid grmd in 

'rre 'hrod. 
A

or lh. Gyroid kiowd rs gonre Ille body drempb to iiGse rbe producrion or
rhlmnne by iocrtasing r. nb$ orc.lls in rhc.hyioid Thh aknp! cMnor
succed ir rhc cd.dtriioi ol iodine rnsirs Io*

l 'ephi0vh}nGnqeaqudebvdghouPdssin
i&r(v) s a ift. oi iddi. rhatr rd tuieb ou iddiic r ch$ t 1]F rono+i4 .onFuids * Dir q nd(de

q oe@ndlcdr (Bf, arbr.. !o.,aL, pbcri, pbo,,

2O.I2 SUMMARY OF GROUP 7

1, rhe ioos x- re Hdily fom.n. El<ron amnny d(eass doM th. s!up. 
^tlrhc halosds Md visorcsly *irh n*rs. whn th. s blo.k ndl]3, rhey fom ionh

,, cNsimr mnpdnds and conpGi ions are rom.d by rhe h,rogds j' onbidaLjon
c rxdii i.Ga* doNn rhe group, md potffh{ion

!.ir shtut! ol Gtory 7t ofx rhtrdor incmss down lhe group. Ftuo dsd.usunyionid

, xo. and xo4 de fom.d' .xcepr by rluonre

11>c],>Br:>I2

Redrcirs po$s ol X _ d{rs* in rh. od6

6. Inrnoleculd rorca in.r* dom
ndc fr.n nudiio (pale y.llow ed lid chbnie (er*n sat, to bmmine (bro*n
oldir. lqDid) md iodine chiny brack sotid which strblims ro r viot.l vrport

20. ' I3 'DIFFEFIENCES BETWEEN FLUORINE AND
OTHER HALOGENS

t. Fruorin. * dceprioD exy rtdive bsause of rhe to! dnso.idion {r rhltpr kD fgy)



(4) Itc snrlL !i,c of thc fluorinc alo
*hich are sDngtr rhm rh$e of orhtr h,toFns since mvsle rluonds
h,vc hisbry neerive nanded drhatpies of fomnidi, rhq re shbl. wic

cir €lemflh or ido.odDolnds urh
bws diddion umbss. rrk j3 qhy fluodio brinss our hiqhtr orjdarjon
numb*s of olnd doms thao do rhe
(r) The sner sizc or rhc |troride im sives ionic nuoid* highd rartic.
mlhrlpi.. r$d ih. conespoiding compohds otorhtr hetosds Fluodd.s

has a rayer shcrua, md AL:Bi6 md 
^L:t6 

E mol.cultr dupq,q'
Fruo da sondincs difin in sotubiljiy rrom o6d hrrids. Ile hish lanrc.
m$dpy ma}* c,l.iDd ruond. insottrbte in cofias ro orh{ crtcium hlido\
s vd ntronde dill{s fton orhfl sitv* bdids iD behc sotubtq owins b $e
hish enrbalpy ol hydrrrio. ot rhe fluoride ion ts 10.31.

3, Frmrine is ftsrided b a L shell or oishr ddrcns. This m€aos t@ n! ooy
oidatioo sbte is - l, sd n .xrtains rhe in.tu *s ol nuy nuorjno .ompouds,

bonds. HJdroe.o boDdins Dd tn. {rcogrh of lhe H F bond &o lesponsibb rn
rhc v$*ty &idic naure or hydnse nuoride.

r rd irs,c@rions {i!h wab sd ,tkdis. nuorin. dirtrs tron orhd h,tos6s r!

2O.'I4 USES OF HALOGENS

nuorim is Ndl ii rhe nuuf&iue or fluorohydrocsbo.s. Tre coDmfti.l rcfigsd
g6/d,, mdains ccrzF', ccrFtr md olnd cblomfluonmdhde!. rr is .nrcn.rv
uTac'v. 'T4' f 'odhge'c|
ruomdhend, -{cF, cF:f.i PrFE. Thi ndend is r ptanic lhjch rsk6 ek
by fo$ chdicah aod n used in rhe chmi.d inddry for ih. nmuacure
of comsim prcoav,!%, .nd ssls. Iis jnlulari4 pD!.dy fiidr n a use rd coarins
chdncrl vinns, md irs los codncjor orfihrion finds n s use as r no! n,cr

k. Bsaus af hs votaliliry ud ib eabiny, n n

ues aIcht,tu h.tud' chrorin. is nsd xs a domedic blesh, and as a di siD fedad in s*inj nin s barbs x
r .hd-t j .ddl I .no. . .du

dit'lrd4,a... Nedkillcr sddiui.hlorada).

oiorifulcd olgsic ompohds fitrd muy uses Tdrchtoromdhdq CCi1, md
., i.hrda.,j he cH.l

compobds, d.xanple, DDT. have @ved b be sluabG insdicids
0r0.r5t.
Bonine compou'ds. e.g . C:H4B!:, ft us.n a. pdrct rddiiiv$, whfl rchorhyLhad
n added ro p.bl a3 ao mriknock, tead ondes wduld be deposired in rne cylindfts
in th. ab$n.e orrhclc orIann brcno{ompounds Ttry.dv.n bd jdro votar .
6fpowd3, whnh m dh.h,JEcd droush rh. vchich .]nru$;!o the an Rhiis
conc.m $our th. l*el ofl€trd compohds h the iir has 1ed a numbr ofgov.mnmn.
ro b€n ihc trs.of t€d ompounds N.trriktrcks t$26 Lll. siE ree0. nfl Doror
whicres in the uK havc ben dBisned



20.15

E
DDT

sr\ jc6 Ldq. l lhqlhemnl !rL!d

\* . . . :

.,lat "'
t,r.r Ti.hl.ro 2.2.bn({.chlorophenr,tJdb{jc
(Tne krds DDr cdnc rmE nr nms
nlmq dihlnodirhetryhd.btorodhrfu )

tr DDT Durirs r{{.; lddrioi ro rhor

2+Dichroioph.ndildrhanoic rcd 2.45 Tnchloropheioiydhmoic acid

-+.
-l''
'\f-



A, edly 6 19.16. howu, ir begd 10 appd rhat the ne{ chloo{oqruds Nd.
not r p.dsr solllion ro rrc insd prcblen. Sorc spdia ot houscfly smo b6me
sistmt b DDT. ln dr UsA, th. cdbn rands h3d b*n deljshted rilh d. way
DDT hd dkked dre cdloi bol *cfl|. bor, by r9O. rhcy wtr havins io spray
more and ndc rr.qmdy Rirh highd sd hiehd d6a s the wwn kde rcsdmi

I n 1962. Rlchcl crsor, in h$ book l'rr Si/.4 fun& call.d for r hslt io the *idspEad
md indiscnminat. .traylng of inser
*able ihar .h.y pesisi for 3 lons tine in aEas vhde thcy havc brti spmycd. Ir
6.y @ cato by bnds ed difds. &
in wabr, bu! !h.y cm bc $orcd in lhe body beruse they arc solubl. in rd. In ln.
spnng of 1956,l,Jge numbsi ofbids w@ ro$d dcld itr c.nd slowiog regions
Md wsc lNnl b hr. ! hish conttu of dieldrin sd ddnn, vnn shi.h lnc ccrjls

in€digrte tb. spEading o.iGeticids ed
hsbiod*. Ttcy found ODT in pcnsdns ii ll1c A @riq whd. .h. spny had otrr
bc.n u$d. Thq ielsm.d rh3r ir DDT is used in e mdanal Egion, i! $ill b. tarcn
up by $all ole{isms. Il thes e .dtn br ! fish dd lnc fisb h eatn by a bnd,
rh. bild may cdrry DDT for hundred
cbsi.. frh..omdt of DDT in $aFds n I ! l0 6ppm. pldkloi.m hrv. r
coi@ of 3 x l0 -' ppn, lnd fish .'rins .n. pbkton my cont,in 0.5 ppm. Bnds
of prey concdrarc DDT tunb{ ultn r.y my onhin loppn lt i! posible thd
lish dd btds *hich ha\€ high DDT.onb6 frry 6c e.kn by hums b.iogs. Il
DDr is so bxic b in$di cs it be €bpkt ly heoles ro huna beingtl h
1964, de Advhory comiih. or Poisotro$ Su6shnc* u&d ii Acricnhu. md
Fmd sro*se rmmhdd.n $d dicld

tionshavebdp]acedon!h.usorDDr.
and conshptiotr ot DDT hs ralled ro about halr ol vh{ n wa in 1961

cHtcl(Ponla)c *snc|DEs l_-.d@-

ci@bdov,Yo!myFdbdo!on,libEl)d$d

slulcd{ 4i hpbin vhy rcne p@ph tar Edm edi.dc

biologiclyjEcd{'hPuoho}'heshgFonh.no|{u|e

\r\ .x
!"-\ --\:?

wcd! 
'nd 

psrl (Moy pcdpre m t1b3 ro 63r. otr s

I



i n dq{4L. eE dr nine drtu arirr}n rd ds;

|..-:\c(cHo :( t  t r lcr-

!

(rr. i$jr!6 LlFd ridbo

or)w r 
'!r 

d .{d! I b\ !q.(d r (,diLrf

,

'J  [ i !  Ndt( !b{d.o. [dnts6r l \ ;

i  nll \. Or hldlsr. (. j Micr. r/r ni[o

. ,  r :d i ro i  !u l r rd droor i i  ( |  col

1:  - r r i r (  o,  \hLC.0(rrdoto 1l l i ! .qru
, i . rr.r I br s! rri r( r4r r'4,4r

(r Lrriroda i uo rdr6, i.dfo@r ur.

{rb tn\1i (ir 6ed{jMshbrrl rihn drq

]dh!ni i ib l ,aa, ] ! ! i i !ohy&qi lsred.

liirj 1 G qdD! h (!lrL) lbor n ofrq rerej ry! k, 
^ 

rr

sft re qsdrceid nh.horsdNcrd(d!0r



(ii) A qu iry orl.nlie ]ru tlad 6 D (.)(i) ,bovc xld rb

lhanou!|ondi.dngi*lydrids€!@ut
|jbddd!aqdf'e'noi,gjvitr3youlEso[€

(wJEC90)

e. (,) s6E !@ @nFu& otdbnx, dbr rtrd {diun

(t) Eiphh rhc ddtLl lMr s ocdrs duorc se

ammoa'nesu&qE'adddooo*dimbmnideio

susi{bydsklbpfupi6'.dig]€Yh{sodru

(cq)

(4) re @out dcNotuc i pod wdq m b debftined

cLGd + 2r Go - zcr (4 + riGq)
Thanoumdidhebo&difolDdby'iB'b[fr 'h

(r) rhc 6!ir6'hs ldd I d'rc b ib pNru orchbe(t

cr?Gc) r E,o{L)= lrcLq.d + H Gq)+cL Gq)
ch djc(r) eid bi$ s a vdk rcld

Hcro(aq): ts1aq) r oo Go

usd b foo de chbnc(r) {id. ft! n piidy bdNs oc LE

tho Pod sao do6 don(t dd

cndun .hrodqD hd .hrodie dioxide, cLo,
(i) wh] should chionie ii pool v1@ 6Ec DEh noE

@Nsioi offtoLrtus rilr dbd(r) add!
(ii) sus. oi. orhd es' vhr 

'h 
ue dchbiE isdns

(ii) wdE don ft rornuh br aldq ihbdr(r).
(tr) chlonrc dionde !!dao€ | diprcpqtrondb^
fudotrvetrilE@Efrlhvdq,dednbcpidudbd4
.ddctl) add. By a otd!&trd im&s or dh.re.

(c) tu didd'idc lcron dtcbloic{t) 
-id 

ihvolE ivo

Hcqs4 + Hr Gd + a- = cr Gd + s:ool

cro (a) + tt,oo) + 2! = cr Gd + zoB (q)i

tsdu&r,arheond:iii ikdiesb'bokdo Gq)

abd6'suBdtllrylpHd6cpdcdb

o r ooE addc lH, by @si&rhs 
'b 

edrbna ircrd

(iD u a&die ps, by cociddg thc abo€ ddrdd.
rions (Loo er)

I r. (4) sb6 hw qwo$ hrnrcFq fluond. dir.6il ib

p) H,]lNr fiudid. Ids 
"hh 

s mnto€ otu.nium
hydoiideadrlunii i lnhydoxi&bdrcaanncEiJly
inpqhD' c@Fud, K rhd (irus ndudr, bd h
M'dqunftiBoly'x@l{' isodysdiun.i@hfuD

0.0'0!A|lorAllh.!uon*@i'i i lhcsd.bAdr
suD|e!apdipiu',! l ' i .mixdlsilha|jdqPbc|F.aDd

(ii) wha' is 
'he 

$ru1u8 of 
'rr 

. ' ion pwd h x! Dnv 
'rr

(ui) so{ixuEdconnsdir}aodvhrhissd!
(.) (D Erohh vhy me boriq poir oflrydDFD fluodde n
nld hsbr iro 

'h! 
bo.is poir d sc dhq h)n@cs

nt Prcrdtr rtuh6 sd!! nsiy byd!
ii*phldbq6!&relddlquidhydrcgtra!on&n

(t wdr a bdlned 4ur6q bdudis !{. syhbt, ror

(l) ac rod ormsmtrfu idors &ulb in bor[ .!r

(;ii) cdsl& rhe sed€'bD oturbdre nded6. cr:, b

(i) 
^, 

dEE be sDgriboq ,b iD&Fil dlx^ iddh./



12, c) *.dbr!! ind@irrrnd*rim oildiu
hj!ro!d. 

"d 
drffi! by 

'k 
ddrctsi orrq$oq !tu

lr' D6q& h@ r.ihtu! tur e srrdy l@fd D 
'b

G) aiE !rc r'4!'dus orciiolinc.
(oe2)

B (o) Deibe rid aelaio e ebdE dlmd sbbiilns oi

(r) oru n.jor u* ofthbde b h 
'he 

mduradu€ or
sdiffi chron'qD, u*n in slution a i hoshotd htd.h.

mk. r $ru'io hd corEiis s.dirn ctJo6t(D.
(.) A.idifid iqu@u Fbnw bmndq"vt I(e!, tEr
drh n,nrq.d rphidq Hr$ ro si€ a loilik oildphu

(c9D

I
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21.1

ise

21,2

THE MEMBERS OF THE GROUP

GROUP 6

rl

e flxdn&rdNi narion of iquid irrN2l.: ll ll

ire tvl1111 sii* $ mrh drcs nDt dcd
(om 

'on0e 
ot orFn rh Mry roDnc of neL), nel Fo'ks b& ihdr oM oxygen

nuy rsFt s frqn 
'It 

dor'hcsouplll t)l

OXYGEN

Oesd co.nnurs 2l l; by volume or

of m.rinc liimls The EMh\ iusr r 391,; br drs dlgd

Olscn jsaqnou.Lssdiro c!6,o
r3l'Ci lreaar 2re'C Olr€o rcrd\ dnrd\



lso usd in .oxy @e!yl.nc rorhs *hich bun
dhyi. iJ' oxysm in d srEmely dorherni. kdion and m us,n ror cunjDg md

Hosp ars u& orygd ro rsiv. dccid{r vicrims {nd pdiots *irh bredhinc diflcslies
dtre ro mftpr.iits rtrch .! p'eumotr
ad higb 

'lirude 
pilor u$ orygm. spac. nighG loisume r' flomour uour ot

oryc.n Th. sdum rocr.r *hich rauiched rhc And.n dronau! qr slr
jouney ro th. Mmd c&led ll00 ionies ofliquid oiysen. Th. rtrn n@ 6un.d
450 bnnes of kmH. in 1300 roin6 or orrgd. lrsd rrc aod $rE Rdc powq.d
by hydrcgci bmirg jn or4!n, md !hr. {n dso oxygd ror lno a*on kio

Tlo nahods by which ox$.n.m bc ob&in.d b rhe laborarory e smndisd in

P.

i

i

@ oe.o. Heo (""a-.r



21.3 EXTRACTION OF SULPHUR

sulphurn r.und es rhctlcmcnl sd * mdal $lohjrc

HFia!!|'iikdcdrm.ihodo|brinlhe$]p|ub'hc
ehmenral 3ulphu bd.! grohd lcrl I:( Fjg!rc 21 11.

f\ur.hutcrcidtl?t Itand ii rtr !ulcrdldior

k) rh. a*rioi o.sodiun Foride vih ers b eiE

(d) 6{ cr d, G drconpsiu or htdro$d 4ioxid!
{.) rh. d{troryst or eidiied lid



21.4 ALLOTROPY

ro?@:2or@j ar5 = l42umct , oros

o on, o Diot,gF tr*' rbs'b e

rid ot sponrbsus chbg. n slways rhc mme urdft au ooditjons.

ozooe has a.hdadcnnjc mdt In coic.furions ,bove loooppnj ir h dfaging

Th. oxyacn noldule I o:O:

ha! 3 d bond lnd a r bond bdsm rhc reo ,bms. rn rbe ozode molsulc, rhcrc i3
o 6cro or r r?' beMccd lne bonds. Tne *rucbje cD br rcpre$nrd by rhc dcl€alisrd

.on\isl of s! hohculs lhel dilrer in c,xnit $rtdurc tss Figlrc n.rt 
^iNe 

rhc

rr hnrioropi. (noviis iD bo'h dirtoont.



shiq srd6 rhr si.c

undcrgos a $t of chus.s. as shovi in

E
t

tu
T-

cdlou drk.ns. uquid Erh.s
frajmm vi$osiLy at 200.c

tsgt
t

r-iquid bMm6 mobilc ar 400.c.

Liquid surphur boik Jr 4,14 .c.

I
I

hog ch.ins or dood lo>s

I
Chains brca* ur b fom .dalhr

I

I
t



21.5

E
THE OZONE LAYER

rlI srrish rru' firrs od rhL uppeL t3yer or ric ftrosph{e (hc nnrosphd{j$c
F,suE215l coitainsn ch mole uLrnviole' (uv) tishr rhad rhcndix'ioi l,hi.h

i{!$d (he concentdior of orrs{D in rhc
.itrdioi or.zo.c i rhc $nrosphde iic.A{d

udil qoiLibrium Nas Eached bcrwGn rhe rare or folmrdon or ozore fron ox),gen
atrd rhc rur or ddo,iporilion of ozoic. o zoo e catr aborb uv ligb I rd J.ins !,.

n.r or th$e hmld mys from po

n. o,. ando?one rr.ior\'-+i. or) {c:

k) Diox)sen is dnso.il'd by sotU uv arr:

o:  / i , (LN):o +o
(r) somc o r rhe oryeetr aron: t oro!.r !.frbE o \ nb d ioryscn uor-ules ro rbm

t) obre ab$$s u! rishr ard di\ydd6:

or + r(!vl - o| o.
(d) ozoreHds{nhdryleD ro'n\ bnm droxyger

I
t

i



'Ille nbs ol roddion md de*rudi

Ozon! is dstoyed by rhdi.sl flc

or rosiL fud9 md neihare (pmdo.
jnt.nitraofcadc dd sh.cp). IrcE

British  dddi. Suruel obsrvcd rlid

ln 1936 rhe rJSA Anhric Nationa
ih€ ou.ic hytr rnd liik€d n b $c Pr
Thsc .ompou'ils. e& cclrF,, arc r
tsi2e.e1 rleyaF {iddy trtd rs rt

whd. rhe uxkvioGr lisht $trss ihcm
and chlo dc oxide, CO. aE fod.d

ozone had di!&Ppee.d dunns cc P
CFCS. Th. sarlliies detdcd .on.fl

se ih{e n bs dimirurloi or$. ozone layd
NAS  p(dictd rhd. ir rhc pr$d r& or CFc pmJtrdioi cotuinu*, the ozone
!ryc *ill dsreas by 3:/. in 20 yean.
Asen.y, on rhc orhd hmd. $timlts a po$ibre d6kddion of J0% oi the ozone

Rdkriotrs lhich rak€ pl&c ,ltd the

Not.e 
'nar 

rhe rcadiols (a) dd (r) .on!i'& a.h'l rkrid. As r rcrtrk, onc cl
noD can d*toy thousmds of mol*
.rh $s orrhe supssonic rncran which ty in ihe sr osphse iake pan in lhe

Rrac'lons (l) atrd (?) tom . ch.ii tmlion. fte erd or r.adions (a) k)kro

In 1939 r' inh.rionx!r.m or$E
dscsc jd rhc ozonc lay{ ovs .he Arctic. Itu r ev.n more s;o6 thd lhs

is a {r.is coitrstion bd}eo !v rdiriion rnd the incidence or loFndrn.r3
|lylmij.fddlbftl.bu'hmis$ncdjdoo

a nor rn'tuctrily lahl lom.frh. dnc6e T he US Ndiooal^cadcnid or s.icicd

serious tum or cmcer lhEh frcqum r crus dedh. Thc rcpon DEdic&d thrt a
r0% ndudior in stabsph{iic doo. {old tu$h in r ?0lr in(*s id bdh toms



j""

60ppb. world llc,lrh o4anNalio. s

oftsdNr{dinla'ho'Eielad

04 r rhe topdpher hrsrrc$ liDkcd rodyingr.E{s. orip alt}s! mintsr
!1 

'11{* 
ihoud' b bc lhc drisiv

rcs. Thq halc ( rhqny rhd dzone
lidryutderhe opeiiis d rhenoDM (hoL6

Bcjrodtsirtr.el

Inlne roposrb{e ozomr ronDcd nm dycm by phdNhcmnd rc&do6 \,irh
Bolhoarh4. ard {nnrd by moror lebicre.

t{c,\2'i1l rowe.$rrio.sarriorhersoo{c.rDirreFn onds rhe!*orerGsive
quan&fs ofnhmsMous fedtiss\ (lcrss orids ofiilrose. nro rtr dnolphde.

rhe producror or o,oic itr rhc ropo
hydo.uh.o]vhgnlhc}cof.|rom
redua rhe ennsjoD of nnrogetr oridcs fmn vebi.le dh!u$ ts ri 26 ,.1

r. kJ whn i n*d by 3 dd E4ddt
p) M{ chu! E&r6o rc$lsh 6! romibo dozooe

(.) \rir h i4( by 
'.odr 

id! @44/8,b,!
(a) tr 6i nr d &"odb! o. ozoi. iiqHfr, er rhc

1r) why re djr{ floLrds db$odd h sc nGhrr Ee

rirh. A' ihc heth hb. !d lrcpopos.ir .r!uL:15



2I.6 REACTIONS OF OXYGEN AND SULPHUR

oxysd conbjnes dirtcdy witn mo$ ,renfls Isee rig[e I.61. sulptu combins
ith rhc notr,m.hni. d.medr ruonnc, chldine.

orys.n and carbon. L k oridkcd by

s(s) + 6HNOrGd - H:SO|0) + 6NO?(g) + 2H1O0)

sls) + 2H:soi(l) i 3so:G) + 2H2o(l)

dcohol ro sid,
Fe, ' !oF..r ' .

I SO.'? !o SOa?

An .h*e o'ides m hsic
and rcad whh rcids b

t
I
t_

-  l l@r
h\ | ./m I

'1 d4Lrtrhenadad{rhdpid6rDihork)o-
atrd (6) s_ by 14 rhr rollo$ig d!k.



2I.7 HYDRIDES OF OXYGEN AND SULPHUF

s hd r btrd ec$, {h$ n n rormed by rhe

sr G) + 2H.G4 
- 

tr:s(s)
ALcotr3rr i( js slrshtly solub e, it crtr hc u,rtEred ovff wxrr

Hrdrogctr strrphjd{ i5 eycrk Rid, ioni:irs rd giyr b}dosci ions, sutphjd. ions sd

H?s(4)+s(s) + ?H'(rq) + 2e

s\\lto!!d vhhide i I Hydtuso 5utphide rtdras aodifi.d hoganderyrD, &idified drhmnarlvt,
Ed'.,r3 a3a, rc(n! iois. noisr chton. lnd moin sDrDhu dionde I* aus,ion 2, chrkpdni

2rDl

2i.7.3 HYOROGEN PEAOXIDE

Hydiogei pLfoiide i5 I trquid or fomuir

FicUrc?l]'Thcmor*ul*'{ass€i,lcd
bi rrydrogen bondiig. hd th. iiquid js

Tr,c sku(de ofsrol

'Y,
i
I
I
I

(

o banuD F.Dii,te, Dao,. { 0.c is ustn foi
the prcp*dioi or hydroger oooxjde

Blorc) + Hrsoi(xq) 
- Baso!(\) + H:or(4)

ft. insrubrc brun $hhdc n m

2Hiq(rq):3H?o0)+o,(s)



I

. 1,) {id dnioDndvt)

lli. rd,ir' ior ololsei Ls! aus'idn r.( hrlt jn'nDl

2t.8 OXIDES AND SULPHIOES

G h{nid ,JLr ror rh€ rrLtjlr dn

fdmld ls: Irso.\ r1r il Mdl nDL!

0r lrl, I HioO 
- 

2oH LtrO

sr laq) | H:o(L) - Hs (rqr 
- 

oH l.ql



I

:

2r,a,r cLAssrFtcaTtoN oF oxrDEs

oridcs fay b. cla$ified a(ordiog ro
b$ens duE ke Fisuc2r.3i, or 'hqrbhlri. ta. rsbrr )rrl qe.dd 4

,trodrs io reirucid_bA. Propdj$ t*.

;

rp4 oI ba,a< k d. 
^ 

d6 E,o!

Bonds e btlw.s E md Ooity son. re mi.,
.&,rr-o.  .ode6e.corr tdr .s,cO:,1s,O: l -

Bonds n hs6 E md O ud ako bdwe! O arom.
)N,.  O_Or iorhcse.oral4r.

.B Pbror.lhkh tr&r *, harft )Pbo Pbo: bd
rcrvi. qtu(i 

'er 
3s 3 niruR Feo . F.:or

Trusitio sls tbm dides or {muh MFIO.

o, a.: ot tur wntrc.ted, r4

somcre&tgilhv.&ltogivc

Mo$ e 0idic. sone dn$N. in
{ad !o rorn sotulions eirh a
high concedhiion othydnseo ions,

M3.rcmottuujn dd€ e.s.. rs,o:)",
,brur)i dooor dnsorle buE&r
sid bdic oxid6 md mpboenc

Olnen m hsotuble tn we,
bur @d Pith ri& dd acidic

K:O.CaO Ed wth mphdcd.
A re$ 4e neuur.eg., N:o, No.

somc n.bl oxid6 ar rnpbobric,
r@rug wrh borh btuic oxid6
ad fidic onds, e s., zno. sno.
snor. Pbo, rboz. crror, Al,ol



oidsdnc.Ghhighdelonnd5!eqJql'ndeq!

I ch$iry rhc rolLoviis {i) seodiis b shduc rrd
(i) $edtu .o sid-brc chu&rq:
(a) N3.o (d) F.ioi
o) cao 1?) Fejoi

(r) Eloandco G) NoedN,or

21.9 SULPHUR DIOXIDE

(d) cr:o.dcro, (/) sor dd sro:

(,) 
'h! 

iori. .hii34c or Mo hd MS (wid. M is r ndal)
(r) rh? boiils rnpcniures d Hro ind qrs

G) 
'he 

rmuh. or u.n fllond$, F:o .id sF".

Tho indunnal souc of sulphr dioridc. SO:, aE lisd in ! 21.14. A onv.nicrr
labo$tory prepar.tid h lhe acdon of a dilurs ocid on s sulphne. The ga3 n co sled
dowwds b{dsc it is d.D$r fi{ xir:

I
\

a

FI
- |  UsEl?
- l  l l : j : . , .  l :Nt ._____r __ |

lc" l""rd'l
t -*"- llil''l:::5" l-^ |a

ec

sor: G) + 2H-(aq)- so,@ + H:oo



I

I

kbd5obrdcbyrhcado!orbor,cdMhrds phuics.idor6pp.r
$2r.lr4.

2T.9.I PHYSICAI PROPERIIES

Sulphu diorid. je a dh$ ea *iL\ a .h^sis ner. I! fures in an sd is .nm.ly
l0 .C, dd liqu.fies ar mm hpa-a1e Mdq s

Thc bdding ii SO: i. .hom n
F,sDrc2r.l0. rne s:o bmds arc
doble, and thc subnu abn bs tn
elelrcns in ils vilocc shdl n has

inoi !,r)],* o,.",. 
".'t*r, ",o;-r*r.

ob$ft ai 4uniod njr de Er'iotr of Hrs bd sql

I

2r.9.2 SUTPHUROUS AC|D

I

cHrclcol{T 2tF:

l 'wnc<u.nobsfdd.id.niolof.'nDhuusmid'

sorl (4) b oh!i! {ui66 rq ln. rcsrior or

surphur dionde disslvs in se b foft . sohdd which .onbi.s $llphumu

so:{rq) + Hlo(l) + H1so3(q)
rie rid i! , *a[ 4id, .ouins @ srq h\orcg{s,npbn. adr, H<or - . dd qtphic

'os. 
SO.l. tu.mp^.o concdLd- rb. \oh uoo Ent. r rJr d.@mpor.tron o.

strlphuo3 &id dd rh. doldiod ol sulphu dioxid. sas.
s'iphm dionde ]ds qirh lql@s 3odiuD hJdiondc !o fom sdium $tphi!.
sohnd. Ilm@ sulphu dioride is ps*d iio dis soturioq sdim hldrolmsujphjb

soro +2NroH(aq)- Nazsor(lq) + H:o0)
Nazso:(aq) + so,@ + H:o0, 2No!so:(rq)

Moist sulpbu dididq or sulphuoB rid, bd sulphie! b€naw rs EdD.ins acdb:
sorr Gq) + H2o(l) + soa! (aq) + 2Hr(aq) + 2e- ; ra - o.r7v

s'npbite iofl de ondisd by ajr, .hlonne, imngrr) iodq dichrnar(l'r) ios
rd mesDd.{u[) io!!. Tl. readrod with dicbrnaro4), Esuling in a cblc.
rrom otrg. !o blue, md tb. de.lod:arioD or mdcnar(vrD &c us.d or @s for
lulphur didide. Hydias@ sulphid. is . shnga Edrins 

'€d 
rha sulpbur

dididq od n rdrcd:ulpb( dionde b srllphtrr.

Sulphu! dioride md sulphjte !E urd ss rood dd,Cirtv6. Th.y ad as rcducins !gen$
to innibii &. okidniotr offmd comDdenh, e.s. unsrtDnrd tub, and atso as rids !o
Estuid rhe grNin of moulds rnd atrobi! bernr.

SUL'HURDOTIDE-



21-10 SULPHUR(Vl)OXIDE

sulphtr(vl) oiidc Bnt rs noleuks ormoionci sor{d, 
'nm{. 

(sor)rG) rid
polym{, {sor), (s) tse Figurc 2r rrl.

nvl)onder hsfubd jn Figm21tr. Da
sulphur dioxide and dry o1]ecn com
400'c. The podud solidilis d. l.i

:sO Llr + orls + 2sorLt

ll'7il---"--l="
tl"-"-t

fl

\ 
-/'\ 

, '"-'- ,"\ ,, '

/ \  / \. / \  / \



sorG) I H,o(t): Hrsol0)
n lerca sid hsicondes b tom sulDhdcs:

c,o(r) + sor(d + casorG)

EJf l  o i j ! rsuphrrnrvl i  tu id.orqhqhn I  Lherhrdnd.

o. id is inpBscd.g Br -  Bh)

SULPHURIC ACID

a]pbj i l 'd ' . r3d.bj 'b.an.d

2. Hydrogcn suiphidc rbm cnde oit is humed in iir.

sulpbur dioxide h p6sd ihmush b el(roMric prdpitaror ro rcnove dus od

'rvhh sulphur djoiide md oxygco conbiie
rso,(g) + o,(d = lso3(d !

'1,"  
r r .  d l l .3 9 rod u,"s I  $

p.u'r l I lgr Ie i 'uE' ' 'd ' .v l

21.11

R€ducinc,smr c.c., F - - Fc')



so!(g + H,soi(l) 
- 

Ir:s:on1)
r{1sp$ + n2o0) , uH:sor0)

in Bh of drimd ol qliliMum is slov. rrlo cd.ryn vo.dim(l) oxid. h s
.fi€tive lhar r 957" @nbsion k a.hjcved at 450 "c md 2 rtn. TtE crtriyd is
6ily poirmd' by ,bsorbiq inpudrid in rh. 3ulphe dioride Tne& !r*e cp rhe
sd&e of tlr. carulyd md inpair i* e6cnncy. Tx. &mp.BrDrc or rbc catalyst is
nainbinrd d 450'C in spitc or th! .bthmicit' ol &e readid by $ios rhc bet

hmr th. inconing g.*s Isc Ficlc 2l.131,

The $lphu0! oxid. fonnd is mr d6orb.d itr wlt r beN. lh. @!id

sor@ + H,oo), H2sor(l)

$erh€d in 93% rulphuic eld lo rom fmi.g $lphuric acid,,I?M, H:s:o?,

PrFial Fryaie' ql Sulphuio @jd n avi*drliquid,I! k a cowlal subibe *irtr th. s
t,so! shom in Ft@ 2l.ra(3). Tt. 

'isosity 
md rh. high boilios rmpsatu! (333.c]

aE due b hydDed bondins tk Fisre 21.14(b)i.



i mNhd.hojrrns $ 3.4 41 mnbE miainins

ou!os.. c6n'2oi(.) 
- 

sugulhd.otrl. ck) + H:o
Mdhrnoic rcid, Hco:H(l) 

- 
cotgr I H:o

. . . . . . . . . ,  . , /  \ .  . . . . . . "  .

w,rh rard, suhhunc aod foms

H:SOr(rql + rrro0) i Hro'kq) + HSo! cq)

I.ISor kd + H:oo)+Hroacd + soil 1rq)

Suhhrn {ld ii sohli(E reeb wirh mdrls od drciondd, hydmxid$ mJ

c. drling 4ed nr! bL usd.



E hanedioic ll]d, l lozccorll(l) 
- 

co(c) + co:@ + H:o(rl

Ethanor. crH.OH(L) - 
Etl'.r!. cIIr:cH:(g) or

ErhoxFrhrie,c:lr,oc^Hns) d{odiigon dr condrio$ l\r0 7 21

s0r' Gq) +aH (rq)+2r = so: laLl  + 2H:o( l )  i  t -= +0l iv

ds, SO.. tr.s rd s, x romd

cu1:)+2l l rso,0)-cusor( .q)+ sor(g)+lHroo)

c(r)+2l l :sorrL)rcol3)+1so:(sr+lHroo

r. cooDdrds rrc oxidised. wirl rh
nd sulphiile arc oxidised

2HBrG) + Ir,so1(DJ Rr)(r) + sor(s) + lHro(c)

rsrs(s) ' H2so10) - 4s1r) +4HrO(1)



I
wh.d .@@ra1cd sulphDric &id is heard wilh a nirarq ir displG! ln. orhd
sid fon irs 8alr, hd ,fuic lcid n fo

Nor G) + Hlso.(I)=HNor(l) + Hsoi-(s)

It ds nitu i' hd€d, niri eid dislik .r 120 "c, vhilc sulphfic eid, enh Tb
270'C rcmlins. Th. rc@val of niris rcid nov6 the .quiubdm ov6 b rhe ish!
hmd side. simirdry, rte n@ mrdire en&j hldtugs nrcddq hydros.D chltrid.
dd phosphdj(\) eid, de dbpla.€d rrom nuorids, chlodde md phosphrkdv).

cM.. Ezso,kotsa'k coenrdrldsdDtuicrcidisa$llDdilingag!n!.bl.roinhdu€rhe lc\H
.r.r,'r, sou! inlo ao mE lic riM $ 24.7.31. It is Ed ii iihdoi l0r3.7ll rDd in addition

b al<ms &277.4.

CfiECXPONT 21G: SUL'HUNrc AclD

i I ! 'vdrg.raddbgi*id6.'FlplddhM.dphld.
lca!d.d&dMb.qni,o'3itrd.lftstpl '

1 coicnked s'nd'unc &id E{b {i'h Fasiun

Eahn'hwcrbotrmoodd.isfom.d'Aiimikl

.ddim .6sddL. (co:N'L. wdr lqudod fd d.

sdphunc acid n ddd b loPdrr) srpblre qsblr-i

. Ph6ehm(v) did., Pp,, i i id ryIfrn
d!h,{n6gsil.htru|ehuic&idetj.ft|dDg

ccvcfu'l.s,d6.quli@,oflwlio6iivhich

'drnudc 
eid !4 { (d) a 

'dd, 
o) ! d.hr*"i4 q.dt,

o eo!td$i4 snr (r) i rrpbmdng asd'.

fte flnph*e ion, SO{_, cm b. rcpcaEd llc Fislr 1l.161 as ! deroc,ri$d
s@M. Th. disldburioD orbond. is !dmir.d$j.

21.12 SULPHATES



7

tu didq hrdroxid. d carbonft. Insolubre surph,les aE Dnde by pr$ipiktid.
The m.Dbss drcrouPs I ed 2 ,so fom hydmc.ns ph&q which deohpo$

s healing. Bdh irotrUD md nonory sublDEs
d@mpos ro rom iron(III) oxide:

Fe,{sorrG) J FqotrG) + rsorc)

2Feso4G), Fe:oj(t + so.{s) + soJd

0nd diruc hydchbnc acid. a *hir. pEipibc of bditrm sulphae daobs rhe
picsme of r solph . o, ahydm€eD'ulphrb:

so4r (rq) +rl:'(!q)'B.sor(s)

sulpM6 erve x whire prccipihrc of barjun sulphtu on dr. addi.ion or bsiun
chlo de soruiior. when diluc hydrchbnc @id i. add.n. $. prdpirarc dissotvs
virh s cllcflcsci.c of sulphr dtoride.

2I.13 THIOSULPHATES

Thio:ulphrtes oniaiD ihe iotr S:OJ:- . The corcpondins a.id hd ncvq b*n nohied.
LtkrukrtNqdn riof Sodium $ios'nph& n nad. by boilins r solurioo of sodiun sdphir. {id sdphtrr

todtuh thbltehatu 3rs of Na:spr . 5Hro {e obtaioedl

sor:-(rq) + sG) - srorr Gq)

.&
%:z

. ju

i1,. ",u"
\*

.-j:tji/fu



ionft l\1r. |l r]{hr.r, oirjs$ Noluhhr'c 
'o 

$rrhionar, toir rodslnrr!.

thc ionI dnrdh.s rc4r woie 
'he 

eq!n@! 6r dr
tr) 6!q.!iori iniioi i !!@u rcbror
(.) sor Erd os s 9Pid dids

6. \rrh b L1!! ra qNfo^s rq 14) se dihrio d
roshhr. o bdhondc 0) $! ord! or.f drcd

21,14
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Acid rain has beome an inponanr p

eusA adr canada. rn tes4rhe uKjoin€d
rhc Thiny Pe.ceni club , r s,ntrrr or ndjons .ommiftd ro rdudng sulphrr diortd.
emision by r0l; b) rhc J]* 2000 rieh 2r 19 rhovs rhar rhc bicsc$ sdDrec or

(cEcB) srindld x cor or f 120 mitlidn ff readns rhe einaus s.se! from.ach
*iri4 poss sbron 3Dd ri inqease itr rudiiis co{i of 10-15, *hi.b sotrtd
iicrc$c lrr P;dc of cr@liciry by 5%

s,r otth. ! phw h !
/td t@t ut h, renowd pow idion' Modem oil refiien*
h.tae the tpt aR tut omrib m N{4s. of r.61 suretu 

^boui 
hrr

bound surphu n norc difictrr! If !h
d de i.dm m{hods of .d4r 34!i/ie

xdvhlqe in rhd ir my supplcdc ouf
dimjnrshins arRs ormru$tsrs otihe sulphurin bnhiDos coal,:5r; c$ bd
rcmN.d by .nshiig bd cLeui.e A nhs dr counins in Esn.b [ulope u$
tsie NhNh crnnot be ctem.{ hy prc.enr k.hmtogy

Pdv$kcd nddi$d bcd conbunior (pFBc) ollen a a$v, morc.mctcdr {ay or

o 301,! of sulpbu. diorjde Thse syncms r\
\..n b{ widcryusld i! potruroi.oddo6 coudnes

rFBc hN the rdvrrhge ow oder sysEms (roi FcD, se tft4 rh"r n n crrerFr loc
dor cr&sy.dnlist md *ars revd Droblems io rhe drpoel or rsr drdgs
Brirish coal is deveroping th. rslxrot
Yo*shne, bur PFBC v l norbcddyin rimero rchier rh. nrtded dldnr D



r t t " ' "  r"

rsrms rhar arry od such /i( K6 r,,4rui?,i!
lFcDr hrvc bcD denropd rDd re Lil(siDsry n*d jn F$rr;rdioh rhc

(11 
^ 

dufyofrj0$kDemd tm! 6

idl cacoi + sorrg) - casor + cor(gl

1!) :arsoi . o: + lHjo - lcrsor :Hro
RcidLo's ld, (u.nd (d riodd!! rn

(2) ,\3lutr! ortrjanllum ond. n u

L/) I{go + sor , !. Mssor ,- , Mlo , so .

dl A ntriotr oriodiuD:ulphn. !!
( ( )  N!:SO, + HrO. SO: 

-  
tNrHSO.

,otr {outd befir.d{nh.D FcD pLa A no},

llrh h!tr,,rrrb.r {il ibt u$i rirr I

!  ,d r

(

(



Fru. grs dcariphtr*dion is €asnr for rhc sn.tlirc irdus6ie!, whde rb. co!.mhLion
ofsulphudiorideinrb.gas.s.dbeashish'ss 15% Dire'convqsioniosulphun.
&id n po$iblc. Ttis n . ikable ccnnodily. Ifihde n loi I rcady osrcl tr can
b. convd.d inro sulphu which is ssiq ro norc rd ro r6n$on.

i

!a,:

r. k) c@p{cd pih $c ni( ii ssidrilvi,, is rhc 6i

(r) r rov huch orwqr@ ruotsr srphu dbxide.nksi6

orhd soluiioi, @ rh. D6bkm of p.ldion frcn po{d {arions fe a lqikh ro
rucler pop$ $aiions ud rhe dwelopn.( or rehiolo€y fo. hmesine hc{abte

trd. *avd. hydDpord md sd.hmaldflsy.

G) {hd Pq@dasc d o*s h dr !( rrc u cdrhy,

o) wlrb prc€s lin obbii h@.nss rom cosr,,
(d qN dd rhe prcN!$ .omp*€ vis rc$cd b rhe

(r) oftrt !r bchs surqd in rh. cdoMy ud bch

{ ' rN\ '+nl . ._g dl iL



21.15 A COMPARISON OF OXYGEN AND SULPHUR

r. Borh hrv. rhdde!o. confisurarion Goe),s?41. rlcy rom o2 and sr md

2. nrey {e rcn-nerallic dcmcnr.

onbidng dn.dty snh i{kh and wnl

, atrd oi: sutphu' .s rhc rhombi. dd Eonmhnrc

s. nc bydrids H:o rnd Hzs arc s

6, n'c orldcs rid sulphidcs olcroups I bd 2 rF ionic

7 Tb. ond$ md solphide5 ol croup I hdqs. simitar h)drolysis (rc!.B:

or {a', + H?o0) :2oH (aq)

s: (aq) + H:o0 r IIS (aq) + oH (1q)

r. oryccnqnbAo,norsursGiduorI{}.4't)
snrphr is NM[y ii thc rom ofs! m

,o o.s:smds s bonds Is( Qrvion r.



1. Oires B rennded ro sn f, shell
(cKeptr psoxid* aod nuondes). surphur qn usns d orbihls md eocroy oxidniioD

rb{doF moF polansablc than rhe o

rter pih k)pdnsrn broiide. o)dMiatu &Ld.

r. tunrok r€Ned$rp[rie]d (")n e &id.lrrd
m qdsDs 4{'. (.J 6 ! ddrdK'ig 4{'. rd) h 

'hcdndrenhr d dh& r (L troi s& * 
's 

m{ 1.) is !

t ) orc$br6! h sctsi dlnFdn\rlfrordr,ho)

!f !iFh{,qNid(t1, = r3l{oid&Fdeedioo ore
ft orNrr!(F!, v = iloifrdftnilhulrE

@ r eE ae dtu $htroG b ibE pdhroi p@bLns h
dr (6d I c$ $roiudFidc(r, d)ircdNdb

ohtn rri $rolu p@duqd !s & $rd re oilMihb

(i) Ndbf4Rhir.rdi sdsrcJ Prcc$
(it rronsrsqd'roi $inn!s!or comunpfoD d thL

pr*$Frrr.$nondohudfi [c,1harcn.yos(of

(iri) sus$r a @$ v6y dc d.drui! tr uld

e. t,) ciE .{oudorftFPtrrrcodirdilgs
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rum rani d !L.uri ,  dl
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() wDr 4r. orPrc!!$ D is! ( f
t / )Bhr LqD{6!nbspdrqr ikcr,cr .aod.b.r

mp.d.u! . !L! !

onruru I  denJq!$!  ahhlrr i !nde.5r jd

mnq In!@q ,oui  ta

illlTiil,l* "* o" - "*" ' " -
r? (or c!! qNh^ ud $E d edn $ br 6e
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i i l) o oh irFiaris\hd(rrr ohi odoruLcs,

ir.l,illl;t:;il;,;x;11""- ^*" ** " -*.-r;r ;t'Jilr l5 ]Jl;:l:i"; :1.1, ,.ii::i,i #x.,
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22
GROUP 5

22.1 THE MEMBERS OF THE GROUP

rhe doo,!  i i  crouo i  ne FLed'nTrLc:2

OCCURRENCE, EXTRACTION AND USES

Nirrog6 oDdllb ?311 br vorun'e

s, lor cimp|!.. .ri,! Z'NrNo]

L rjquid b(om$ nchq jn oiy$n, trhich hr a

Nr(g) +2N(s)i 
^rqe - re40kr,.or

22.2



22.2,2 PHOSPHORUS

Phosphoru n ho @tive m ellmmr b oer rF, It b fti!.d 6 pb@pbac oEs,
..9., cd.jh phcphab, crreor,. whd r'* tu hd.d wfth silisa bd mke in m
.l6tic llbd.c Dhosphdr sublidcs ovd.

T!. rw. chid.llotop6 of tholDhmr e rb. whilo dd rcd lbm., Tn. dbhDy
is nodoDiq rcd phcphorus b.iJ'q mm .eblc urd whib undtr an @nditiois.

22.3 BOND FORMATION

Th. m.mba of Cruo 5 .ll e.@t dre dtus ta drdi a rurl dk ocrd rhc
fom3rion oI Nr eio$ n bsbiy ddorhhic. Ionic iridd m roh.d only if
rh€ir hnice eothalpid rc hid y *othemiq i.... by GdDs I dd ! Ttr. reason
rhc 6L of tno Grcup do nor rom Ar diois i, nd ldstr iods, ..s., pr , crnor
rppbash .ddotu rultri4rly clo*ry b fom , ldd.e of hisi arh{Fr.



t

,pm
,s [n

[-fI TT I
MT
tr

3d Tri-T-T]
rp[m
3sE

dadoi !!rs.r +l dd +5 in rher oro-m'ons:

E

+ri iNo?,Por,A3o.!

+5inNOr-,POr-,Porr ,A.Oar .SbO. .ndBiOr

Amihon) Dd bkmurb fom 
'hc 

c.!io6 sb! {aq) a'd Bi:'(!t, wtuch *e rldity
hydmlyFd b rhe oxedliotr, sbo'Gq) dd Bio'hd

All rhc .lcden$ in rhis group shov r covdd.y of 3, tr.ing lhe rhre unpsiturd

s electds !o a d olbir,l. This cmoor happ6 wnh oilros.i bEause ii has Do d orbiuk
!r en.rsy rdds compr$b wnh rhe @opied L sheu dbirrs t!@ Figrc x.4.

Fornirridrsof sblo.k hdali,s{ r3.4.r.

Gdrons ro lorn a coordinar. bond, d in
NrL. md NOr . n hs . .drleocy of 4.

at 260'C, !o lom PrOr + P,or

whic P (not rd) Facr ro forn



22.4 THE HYDRIDES



in ihe labonb4. ammoDia is hidc rr rhe adror or a nrcis ba* on an ammodu.j

Nxlats) + orr ct r NHrG) + H:oG)

d,r.qh ( doirs rowq conrNing.rciun oxde Addr dA,i.c,!{ds rannor be
trsd, md mmoiix mcr rirh.stci

a r br,hdrd, $nh rhe lone Ftr on rhe nrrogctr
lbn oeunyiq $e founh apex Ise r'igure 5.6. I r. Lrt. rhc tonc pa; oahhs

FrorD n, fom rhc amnoniu:n ior Nl ll
'ftn s vhd happ.trs whei afrhontr 3nd hydngetr chbnd. cdnc inlo conhd and

H N:(eJ+H Cr(!)  _

ir5 lom pri' ro fom r .oordtilr bond io

j aod tr oft.i itrcrclt b m 330 ammonB

aDd oH i{,6 rtu bsrc drsci.rio
r$KNl?.Tal,whichmansrh arordionof consntrdFn | 0motdm r is04%

of a nrong xrkrliG.e. Ar(orr)r, pb(oH),).

n ai cr!c$ of ammonia o fom soluble aonine
.onprd iods, c.s., IAg(NH,): l- {.!t md Ic(Nn.),f'(xo.

li" "l

edjons \ib lhrorirc. chLonGo ioB dd

2NH,(O I rcl(g) - N,G) +6HcrG)

2NHTGO + scro (rq) , N2(d + rcl (rq) + sHio )
,NHik) + rcuo(s)r N:(g) + rcu(t + rH:oG)

nitosen, but.$ th. pre{tr(ornLubnun
r ndgc itr 

'hc 
maDufaduE d nh! or 1....



f

by hal Anmdiun erbomre

@ , 
^o*^,r"'.

cx(oH)r(!)+ tc!(NHr)4Fa (aq)

rirririss IFig@ :t ll. rr.y aE sily d@mpo*n
atu a'monim chloride disd.hG:

*,,*a.o, M

(NH)COrG) = 2NH:(s) + co,(g) + Hp(9
NILOG)=NHr@ + HCI(9

sM, mmttu nhs wh.nrh.llmoniDosalsofoxidbi.grcidrcdeompo$donhariDg,th.mdonia
!a/.Bd !r#,,r rom.d ir oiidi$d b Ditogd or s oiidcotnlro€d. Tb. deo@sjiioi of m.ium

/n,4r'6' nfud.(\,) ud @foim rite(rrr) (nihib) cm b. doto5iw: i



RIC

- -;,,,;;,, \'tLNo.B ffii \, s.' :H oc.'

NH.Nons) ;*gh, N,oG) + 2n:oG)

a mud ofdart s@ chorium(m) oride.

N:G) + clor(sr +4H:o{s)

A kito mndw ats A br for almodM $ib is rhc evolution orm6oni. whm dE sali is $n .d wirh
a st@s bs. Th. r&.ion en at$ be u*d for fie 4rihalion ofamnoniM s,lr
g L l4l. Annoniu s,lr sr irirpuelt rdjti&6 t* ljsw 22. tt.

CHECXPOINI 22A: HYDRIDES

sLeh.t'dd4|dmh}droft'hP|'i!scchoi.eord4jig

,. whr !$! do ahiun chrorureo sid $diqE chrqdd!
hrv. nft bd.? My 8h@rd $q mi b. s.dii eijuidion

rhosphbq lEr, i: nd. by hraring vbic pbo.pho{! in mc.nrai.d $dib
hydrciid. 3olulion. ft i3 a poisdons g$ *itn n upk!:sr mclt. vbm puq n is
dlbr., bui *nm pra,ftd by tnis ndhod, ir conbinE phoarms npou ad it js
quh.oEly flam6le in rii ,

Phosphh. h .le nid. by th. hydotyi: ot io.ic phosphidB, jB! .r mnonja n

crrP,G) + 6H:oO 
- 

zpnr{g + 3ca(oH):c)
Phdjthtu tt a wak Ph6phin is d wea*{ brE th.n :lmoiq dd t only sliddy sotubte ;. w.&r

r,s... phosphodiod 3rtb & 6ity dcompo*d.

22.5 HALIDES

a9ldtringlh..hcnicdpfucip|*hs|td

HALIDES OF NIIFOGEN

N Locm foms halid$ oI tomuh Nt I. The 6L of ,l1. s.!p

h made by a bisbry dmcebu rc&rion bdwc.n amnonjtr and
d@mposd by wdfl b fon dmdir and chlori.(r) rcid:

Ncrr(l) + 3H:O0) + NH3@ + 3HOO(4)



Hclo(rq) =NHra(aq) + cro (4)

hydrctysis of d.rhlommdhmq cO.

I

. | ro isfrooPC|. fF!gh

22.6 oXIDES

As,oj(r)

sbo:(tN sbro.(t'



NrO,<NOr<N.O.

Diiilss.i *idd ti'rcsc(rl didd, Nro, n nade by h.a!4 !n ahnomum satr

Nxra(t + Nor (s) 
- N:o(s) + 2H.O(gr

no.iro Dn(b; nor employed b-ase n i3
etPLosile. The $sn m rac*lrdjc c
l ' rckj |d ls le lo l j is f r ; 'b*Is

irrshc t€ fienn t2 r. {22.r.1I innhi.lc
- ,ne +.6. .11" J h. . . .  r , . ,  !  re,o.  ao. . t . .4 l

. tlboiroD bylhc foLlo trgrcrhdds:

0sdruiion ofnii.c icLd and *rlq tg 21 7.rl
2, rh.'crd,onof lodiunnnnrqil
Nnroc ,.iJ i\ 6med. &d disF,.or

Niirolsdioxidcjs!bon96wbi.b! ! ]u65ol



r

Nnqei dionde can b. mde r lhe hboEbry by &e follo{iB odh.d\

l. rhd *rion or helr od s anhydrous rilr.tc (drhd rhm thos .r Grcup 1):

2Pb(No.),G) ' 2FboG) + 4No1(g) + o,{e)

ii'g it s liquid NrO..

ded ni'nc mid {.{. ctr):

cdc) + 4HNor(conc)r cu(Nor)r(rq) + zNo,G) + 2H?o(L)

Nirrcgfl dididc k a mix.d ,nnYddd

2Nor(g) + HzoO'HNO:(aq) + HNOr(r'r)

The ritous !.id in ihe slutioo is utrsbble. and disproporrionab lmo nitnc add
.nd nirocm mororidc I{ 22 ? ll

A noldtrlc or No: possses an unpaitd ol.d.on lse Fise rrl lftennc'ur
cfnor be (p.csmtd by any od. v,r.dce bond *rudui., strcl' rs (3). Ii cd bc
rcDB€itd by the dcl@rl*ed i botrdirs iD stddDt (b). The unpa;d dRtroDs n
No No, moletrlcs .s pan $ @ roh d N N bood ir N:O!, $ shown i srtrdrc

."/\.o

rr thc dbydidcorpho$hoii. r.id, HrPo.
wirr' or, Pro,; {jrhclz ' Focli

wiih a Imn.d unoum of vater Inms
tridDphosphom(v) i!id. HPor ! {iih
mor {ier fods rctroiophoJrhmic(v)

4'ir'. RcoNH: ., ntir.RcNIirr.l4l



!u! p4& kj 
^irog!^ 

diridc. t, nirugfl nlooiidel

x sirl! 11r r.orrG orir! Qdroir dohdriorur(r!)
r?)No: i  Nro.o)Nroe o: !

22.7 THE OXO ACIDS OF NITROGEN

, r  7.1 NrrRous acrD (N'rR'cn r  acrD. HNo:)

NlNo:(xq)+ Hcl(aq) , HNozlxq) | N!cl(!ql

@mFundrNrz.3 rt AL room rnpe

rHNo:GO - HNoj(4 + 2NO(g) 1 Hro0)

,NO(g) + O:(g):2NO.(s)

22.7_2 NTTRTTES (N'rRArEs(r)

r lNxNoiFi , :NrNo:Gr o:1el

22.7.3 NrrRrc acrD (NrTurc(v) acrD.

t . "  J

4i_Hjls) + sorc) !i, lNo(gr I 6H:olt)

lN0r(g)+O-(g) + 2H:O0 ,4HNOrill

t l

Lrl
l r t



ded njhc rio.ir,.oDjaorbotrng n.rrF of
e d.d,u.d lon phoiptoru&r oide b gik

:llxe lbodory, iit .od rr made by di3ririns ediDn otuae ed .o.ermr.n

NaNo:(t + 4so4() r HNo:o + Nar{so c)
ConmulEd nihc rid is uial.. ycltow. b $. rgir, .r dunpo..s b ro m ni@sduonaerhesom!d rh. reIN cotour) md oreo:

4HNorGq), 4No,@ + o:G) + 2n,o0
'IrE dsmpGirid i: ads.red by h.al.

PrR o hxrd ir s ohE.s. tiqud wbch bot. { s6!(

Id aquour 3otuiio! drjc eid js . sbns ocid:
HNqC) + nroo=H,o.(!q)+ Nor (aq)

aquousniki.sad siws rh. tubotr ryp@tof tu.Er dd!
RKt b rom rk s. sjne fldi. ed h e oldjsinc 4dq

Ms(t + 2HNo,Gq) ;SMs(NoJ,(dq) + Hrtg)



( ! )  Nor (eq)r  2H'(aq) + c +ts,o+No:

1b) No, 14 + 4H,(aq) .  r .  =:H.o + No

Nor k4+rH 1aq)+. le =?:H:o+jN:o
(d) Nor (rq) + 3r-iaq) | 6! =2H:O + srNoH
(c) No, (e, + r0H'(l'q) + 3e =3H,O + NHI

kl  +4. (b) +r.  G) +1, (d) 1o!G) r

;* G.g.,cn, Pb) rd *nh oDenms innd
rcida(ordncbequ on (a)ro eiv
cqtrdi,i (b) ro giE No. Mdals high in ihe Ettrko.heii.'Ls€ns (ce. Mg, zd)

gro cquarion G). (d) or (0. dcosdjisonrh.

dioD ddes Gs, FC-, s; )mc oxidised by

Non mehlhc d 
'mt 

(e.g., s. P) r
&idr cor6poDding b rhor highsr oriddior nab (cs. H:so!, Hrpol)
r io, o\idi-d b.

srG) + 4HNO.(conc.): sdo:() + rH?oo + 4No.(g)
wrl' som. 

'ndJ\ 
(u g , Ar, cr Fe) .oncsntd€d nrric Nd rcd\ r, oxs rhe sudxce

d {irh lny acid Dc md3t is r]lcn dscribed

by lon*.kaGd nitri. dctd G g , pr. Atr) c

bis|4hqtdhroi | .Aur ' rcN'

^n.raq) 
| 4ct.(aq) =^ucL, (rr)

Devrra! or (^r. cu.7n) n x|rll

lzn(s) |  Noj  i !q)  + roH (rqrr6H.orr  .1zr(or{)rr  1 iq)+NHr(gl
Ti\ ucron r rkd rs a rn rnr ni

-o,  
+1 @d 4udotr t r )

,cu'rrc lnd {ofo^(hj

- 
zf. r a :id <utrork)
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hatus 6thnd dwdid

on& + orisid + xirc!.r dDd! Mo + o, + Nq
Md.l+oxv@+NnreFdblid.:M}o1+No:
Er. |osiE+Dhir4{ondqlo+H2o

On. &{ tor s dhri lh. (dlcljon to ffonia by D.vrdat 
'!oy, 

h6 bM desdb.d
tu dh,ri.., rh. broq ndg 6r. rcqutr 

'l.e 
rod'Lm b t &luuoD ot.hc$lpakd

d!*oriffal 3llphe slulq ud 
" 

fsdtop o menull.n lulohud. rid
Th. rodion or a rhs dl th. browD conplq !eSO, NO! pmhs rhe ptM.e of

The nid,te ion h6 rh. plb& sbduE GpEscd:
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22.8 THE OXO-ACIDS OF PHOSPHORUS

Th. oxo aci& of pho$hoBs dc

H3PO: Phosphinic acid

H:POr Pnosphdnit sid

H3Poa Photphoric(l) rcid (eaorophospbon{) rcid io tu , d
onhophosphoncol eid)

Hd:or lrilptmrcdiphasrhdi:(9 sid Gl plophdphotic(D acid)

H?o3 Tdorophotphonc(9 rid (tr ndrphdphoiic(9 eid)

PHOSPHONIC ACID, H3PO!

Pbosphonic eid is n[de by .ddins mr( b pho3phdaou) didc d bv hldtlvshc

P:or(t + 3tqo0)' 2lrr?o3o
rcLo + rF,oQ)' Hrro3(l) + 3Hcl(e)

ft i! d nodsrtely *dg diprodc .cid. Th. aid md tu sa!ts &. rdus'ns 1!h$

PHoSPHORTC(V) AC|D, H!Po4

Phcphodc(9 &id cu bs n!d. by b.[g ihcphofl(v) oride s'th wdn:

P:OsG) + 3Ir'O(D 
- 

2nrPO4Q)

ii sm sls b. obrdned frod $. cslcium phoDha& d., 
'c* 

rraprde, bv lfur
{irh @rcobded sulphun eid:

car(Iorlt+6H,soi0)'rc!(HsoJ,(t+2H3Poi0)



Phosphon4v) icid 5 r detlqtrslLDr sFrrLt'r. $lid. ri r orln $rd.s m 311;

Phosphftstv). Porr . -siE r Jdtow p.dDnd0 oi rnnon
mnoniLnnolr'bddc!)fulio..Hcpcdo'

dirbosrb,16(v), Proi . and rioxorh.sohds(v). por

srrrrlo$hrk 4 tiv, caltslpo4)z + clsor. o rtll. r,s4r,orr!r. ca(H,For):
dr,r-li,r. ca(H:Po!): I ca(No,)

PhAplronclv) eid is uscd iD sc ru
rD(rll) phosphrl(vJ whilh Drrds dje ncd

22.9 A SUMMARY OF GROUP 5 TRENDS

:. 1! iDd lxnef-fntr rt 5 $o{tr br- l,i$dri

1. The ordes or iiriog.i {e icidi. (.r!.fl N:o sd Not. r fe rbe oxd* or
o,rLIII) orden phori.. u'inoiy(v) ord.

ii lqJ,!.4iJ bnNdhirrr o\ide is b

22.IO OIFFERENCES BETWEEN NITROGEN AND
OTHER MEMBERS
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GROUP 4

23.1 THE BONDS FOBMED IN GROUP 4

m,E ir a hksdddttdn sone ofrbe physicsl pDp. i4of thcnembsolGoup4elistdin
ia pb!2rbs down 7dbb23.1. The sadation id prapdid rram cdbon (. no&rddic elmml) b

Cz@ 4 lead (a n.6!io .ld.n0 is reh noE me*.d $b rtat in ssup3 on ln. *t.m.
kn o' nsbr or the P.rcd( Tablc.

valenkr ' oad . ae rct rft .1.66tr \bd !-al@c.e" or ) ud I AD rh' Gmlp a dfld! ba\e rhe ddhn
,i ,t' stu? motgurtion (@rc),!'?ndl

E!
E!

ru
tr

[n
[m

r d el.croo ir prcmoted lon a z' orbibl b a wut p odn.l &. er@mr cm
lhow a covaleocy of4. If tho .nds i.qun.d 6 pFmob $. s .l6bon is cmposaLd
by ihe scrv rel*.d *nm $o rddli
{i0 sho* ! ovsi.ncy ol 4. ?dsing doB !h. goup, &c sdc& or th. co$rdr
bmds fomed {ith oths.lcddt dc
sbow a coqldq or 2. Tl]. hchivioF dl lds nnbds of a soup. showinc ! valcdcy
ol2 l6s rhu the sroup t€ldcy rhmqb a rrllue ro us. lhen s eldrcn:, n qdkd
ihe in.d !{lr €fi..f, rin(Il) mnp.uDds d. rcdwi.s a!.ns he.!& tid(Iv) b &e
more sbbk onddid *ar. of ljr, bu! l.ad(Ij conpowds s ondisiog ssEt
b{0s leddl n th. $dle didario. rar. for L€d.

csdon, silicon ed e.:]Mium fom covdsl conDoud!! rirh r vir.ncy or 4 A
fe{ con@unds of tin dd I.!d e 3odimcs d.rnb.d 6 mnhiniog ib. Err iotr,
but sEh cofpounds m prcddinmrly cowlqr in chdd.r. Tm(II) cmpouds
.ko d. prcdooinmdy cqaloq bur lead(Il) comr,.Ddds m p'domiom[y ionic.

The cowldy of 6bd nevd l:6ls 4 doe rhe nunb.r of okotes in rh. $leE
shcll mno1rcd 3. L.ar el.'mt
fomsnocomgl*ionsasrhelabeldeotdo,e.g..siF6':_,snqJ-,G.cL'? .
PtCl6!. Th. nrbility of !\d conDlcr ioft in.@B 6 tbc enftl atom bsom6

c'rbon is thc only cl.m.nr in ihe srup whicl lom dotrg r b.ndr S 5 2.1

li
'nr. bebrviou of lad(U) ddp.udds 6d sne or rhc pspedi* or rin(n)
compounds & atlfiburcd b tbc ids rb;'(4) rd strF Gq).
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23.2 THE STRUCTURES OF GFOUP 4 ELEMENTS

Il 'e p .ciFl o\id:b. ed6 of rh. elensE @:

C bon +4( 4inCHJ

eetu +4hd +2I,EdrckEa e)
ft +a md + 2 (a rcdbins $re)

+2 ud +4 (b oxidi,ins sll.)

cebm ha 
' 
rc well t-oh rttorDprs, dunom Md snpb E Gm a e *

dbhp6 boq $ ,bu.k) b€Jt4 . K ! 14.l0). Th. {trM. ordlhono am
smprib hr.6n deibed hsb ).trd bor0osboqin nslc b lnd d. t<

c(dtmood)=C(!raphir.)! Are - -2.tkJnol '
Artlough slphic r rre lM. dDk 

'ltom*. 
$. acN,bn oqs, jor rh. chus.

rrcm4nmd ro sdptucr brsh. As 3 rcst,, drmond n,rbk bdfl nomsl
mndito4. Sinca dihoDd h rh. dah of rh. .ltotupeq fi. .tr€d ot pF$ur., itr
acoduc. v h !. (hrtrlid s PrinciDlq j3 6 jncr.rs{he *abitity ofdldo.d idative
b grDhl. Indu*i,l d_mods n made bJ $bFmg e6ph.! b b4! @ps,r6
ud prtu.m. (e s. l00o"c. t0 rh.. wirl I cs,llyr G,phr. hoorcqriv.
6f drrood. rh. .to*d nrucu. of (llm4d s\e. d( b h,s, rJvdid o.rsjA

3:r.p* I'T- 9r:9b"" 
(.h*al, d.) & njffirystalin roms of sr.phncBeios norc fin ry dividd, tn.y de I@

S icd md stmoiun h!rc s@@s of rhc drmd.ype. The d*@& D ncbns
l.mpqdlrs rtum ctrboi ibDulh siu.d ro smdiun dtd thc dd.einc 6o.d

T'D *ids in dloroDic roms, eo nd,Iic (cubic clo$oelld) ud de .t ue
dinond or. rb. rllDhp) ii omroroprc. ar toq E;p.Frs. , u chds* b
c rio. .rpbdins rd ffbtjns a tr do{ 3o.

...adrd L.ad disb h m. fom oily, vhich i, m.r.tric md ctrbi. cloFpask.d.

23.3 OCI|!.IERE!iCE. EXTRACTTON AND USES OFGROUP 4 ELEMENTS

Dtdmr^ drt @dlu Diuodds e mi.d in Brdil dd soulh Alnco, Th€y h prn€n 6 lldtdl
*vlLa and ir t:rdutry ba.use or fi.n hjd r.r{tivig e<t rjsi rrtu,iy. dGa ;hi"h n,*;. rn;
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si,con doB nrtrrxlry s siricon(Iv)
rumbrofiiliqrs l is crhdln I shoM in Fisure 2l I whc; i c qnned in
i hEh m'c of punll, ror uf as I smroidudqjl ra.sisron ts*{2r.41, itr

F,o.l F;-t ln- l |a:t
|11gJ-f=!=d*trylj|_]EJ*
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.ltn'idridd csnanDr n a \cm

phterm e prtrd i' ftdm I sriDs l{ r4. r1 t md r lne dkrys /yr,,r (sn, sb.
Pb), rniu (sD. cu) md fdls (Ph. si).

23.4 SILICON THE SEMICONDUCTOR

l { .cMptd1l  wh'rodr{ .pto$

odurronb d I:r!drc,; rrlqrdnDi

en lrrc vatds bnnd dltuondudi., Mrd
d(about se9 b !rbq,d6roA a!ru\r
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pu,6B drffie rappr.dadcsir. As lhr hneEruren.d. iot.hd,os i{p
bne or !h. Mr.dal fa s

L{riEk hioid'lft s r Drd. by ddrns 6bin sblhe\ @ .ohnj..flEdof @ | bsdo hdd.by.Ipc,ngrhesmMndkd o hev,louro,,h.
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nonductorddtrdds Asiticoocbrp05 1.0cD
si!!,^ in one inreemred cindr!
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23.5 CHEMICAL REACTIONS OF GROUP 4

^r$ou3lr 
in croup 4 

'l'. 
dirrlrilc bdwri rhe fint ind lrn tunb.6 orrrre

r. D$uibc F{(doN d (4) d iord od 1r) {aphi!

r. cdoo ed Ld 6a€ oob^ kbma) nlner 6 ud

{. Ho\ d!5 rh. i4!r! d slphr qftr k) is d!n\
b ndr rq( o)n! $ $ ! hriQir lrd ()r! sc 6



23.6 SPECIAL FEATURES OF c:ARBON CHEMISTRY

r{rjculrLr E O b.nds

nrhd tban r tr E chrins lse auB.m ,, ch..rpoi.' rrBt Fq ,irLqn. i (
en4dicany moa lavounbrc ro,m r chrin

si  osio s i

;.h

rhe sros lsiHr, dc ) .nd bldrds
dym'nically mbble (ie.,nco n r

r dk!n* (:Hr. dcr arc rh{modpami.JL)

i aED6); Inh nnrcgcn doms (ii i i 'nhr rid wi'horlo r.rui (i i dehrd$j
nir.riv{) rhe ri or Group 4 rom N

;L 
'r 

ji^rj|un ociodnrF {rcngi bords $r.r rl

ids t*. ard'j.n r.
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23.7 THE COMPOUNDS OF GROUP 4

Arl ln. elde6 or Group 4 fom ctuh3[dcs df ro.muta trx4. vhq. x " F, ct,

conpouids. LuPr for rhe ierdruori

ro $r elemens, s.cpt ror ]*d{rv) chbnd€

dr@rs down rhe srcup bd dsrcrses f6m fluo des io iodides EKcpt ror
kr{hroromdhnne rid ft?nuoronclhmq rhc drrhatids arc bydroty*d jn solurtoil

sicl!1|) + 2H:o{t): sio:(4 + 4Hct(g)
wheD sili.on ldhnuoride i3 hydoty
hexanuorcsilicrt joq siFl .

rabic 2r.4 summrnes lhe prcpakrions or 
'c 

hatidcs.

Thc hydndes ot croup 4 ro lumnris.d jo Table r:r 3. Tbc dacriviry of &e hyddds
rc sponheously trmnsble in air m rcrdity

byd'orysd by ba$s ro hydr&d silicoiov) oxid., ft shnsty cducirs bd dns@jare

Arkaios. dkda, dkyns, nctr.r

i
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r. (,)vhyLuquoBsorurioddr60Dcbbdde

who s3 rdudd neb riu' (D NloHGd d

23C:HAUDES 
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O) Pbar wb tr Pba, (i ir6k m ar.;trudca

4 Hs d@t si4 ditrd id sicl ii i! n nrcrFi

?bcl. nn$ be *ept b.lo* s rC.

coEt n. Fh.n anhydnnsr iD
3orurioq sdl (aq) is fomed;
pdialy nydrc\s.d 6 sn(oH)c(t.

ronic I*. Fisre 2r.r7, 
'23.7,41Th. mrion k po*ibte btraus

ro.ic Is Fism 21.17, ! 23.7.41

a4 s lh. @p i d6cad.d Th. , 4 ordB
e froE 8.idic thM rh. +2 0xid6.

C.rbon mdoxide L rmed *b.n €t n lnd hr!@rbds bnm inonplebty. it

'. 
p€, in hrqhrd tutrEorp@lon€ vdn bsli2o. u a, todordloc

.boE0.li'o6boomorcxid. bporcdodltr4.tr.3t x.r k morcdmgedr ro,
b.ins colouil6s 3nd odonrte.

cdbon noDonde is ad inpodlnt r.dEine rsm., lt is used ror ib. rdwrion orisd



h rhc Irbdarory, cdbon monoxid. o
&d d ediu0 ndnmoarc or $diDn .rlsedioacl

Hco,N4) + H,soJl) 
- 

NaHsorG) + coc) +

c,o,N&G) + 2Hfo!(l), ?N,HSOTG)+ cOG)

s movtd by bubbling
throuch alkali.

.eL.tutuntu ture-.. The eletoni. sflduE or c.rhon nononde cu b. rcprcsntd as

.dld cMpt rhmdion ic-o:.

The lone pair orddro$ on ih. dbd atom d.d. n b ac! a. a lisrnd iD rhe
fomalion ordbonyl @npldeq c.s.. Ic{co)61} &'d Ni(co)i ft 14.131.

H

C{bon diond? is pE*nt h a; a1a le€1 of0.orl% by volme. Planb us crboo
P/',rdJ,rreri diorid. in tn. pro€s orphoiosyoth6iE S lo Lll.nd both phn$ lnd oninlls

cvolve €Ibon diorid. in Gpidtion. The b€rme or presd *bich eiw ou s|botr
diondc lid rho* vhich uk 6rbor diqid€ is 6[€d tbe crrbon crcle and is ilun.n.n

CO2 i!: upd ih $lt dtkks cdbon dioide i5 coldn6s ud odourles. md is slisbdy solublc id wlkr Fla\oured
$rurids ofcfbon diondc mdd Dre$ue ae rhe basis ot$e sofi dioks indus6.



7,

Cirbon dioiid. h non-poisdd!. drn:tr rih sir ud _do6 rot epport cdbudio.
Tr's. thu rdG find ctrbo. dioxid. r Bc in fFd;nsishffi. ft is sbrd in

luch a hd iru. rbd L\ey cs d@ompoe
c&bor didde e<l @dinE to hu n fi. orrs.i fom.n. A magn*iufr am dld
not b.4!josoi!h.d by ctrbon dioridc.

Tbe gd cd b. uquefi.d a md knpqatue by a presuE ol60rb. rfde
cmp6*d ga tu alded b exp€ld rlpidu solid abon diorjd. b obbin d. Ir ir a
*NE slid, sjtn llD stuM drsdib.d h !6-a. Ib hjsh sbn&Jd.n$dpy ar
wpadladoi mrd jr a Nftrl r.fiig.nnL .nd, sinE n 3ftlir6 b fon sd.ou
erhor diqi&, nlher thu mdtiqs;it n kDoM os dry ie'or'Di*old [* Ficlr.
23.n].
lndBtljauy, @bo! djoxid. is rom.d 6 r by-p.od*t dling rh. tunu|ncture of
quickiim f-m riGdde |rlble 13.3, $ r3.s.t md in d4 |Em.nurion of slcm ro
e1narol S 30.3.31, I! the hbodbry, n Bn & bad. by th. dior ofdiur.
hydschloric lcid or djlutc niinc eid on tubl. chips. Th. sa 6 b! .olk &d ovd
valci ffr.quiEd pr ud dry. n i5 bubbl.d rhbush wbr Co lnoE any hydsgm
chionde), tbougn .ondh&d 3llptuic dd md rhd @rre.rd do*N.rni [*e



only aboui 0 4)1 .fdissoLved .rbon diorde is onveded iilo carbonic acid, and

co:(d + Hro0) = co:laq) + H?o(l) 
- 

H:corlaq)

crb.nic acid n r Neak diporic mid.

b.d nd soditrd crbomr od lben sodium hydrolenc.rbon.r:

co.G) + ,Nro!(.q) 
- 

Narcor(aq) + H:o{L) r!!, , 2NrHcor(rq)

^ 
rimild rddioi wnh.dcim hydronde solulon (limepacn n usd rs ars ror

co:(9 + cr(oH):(aq) - cico,() + !lo(l) !o1Lr, ca(HcoU(aq)



I;;l Fid,A - .".., '." ",

h rdroxidcs, e.g., FdOH)rG)



squaln,mrof\ili.o(rv) oidr or triria sio.. rrckio$tr. rh.skdure or
sili.a r shoM in Fignrc 6 la. ! 6.5. srriu

gras t{6 3t siri.r crss r Ned ror'bc
gl{s*de silka sLrs hrrmits inrftrtn rM ulr vroht rrshi x is chmrlqlry inul.
bens !na!L!al orl! by hydscen fiuonde, dmp nuonic rnd rusrd bAa

ndr fd mdk t$ rrbre r3.r. I 13 5 st, 
'he

I! L I hd rh. nMuredrt dr 
'hc 

rbruJivc, sili.dn srbide. sic

aun! n Nc,r jd 
'h. 

msuf ur.
amnz {ddxs hrvo rclo.\ kks r Laree srrce orrhe ma d$!rrtomNarlh$
sirh noling prns The rio'ins frccb

doi orsiLi.oi(iv) oxide and a moren baf.

rbc sirjcd{ ioi trBy be (a) siol; . auBlrdEL r.udurc, (b) siror!, (c) siro,"
md {d) chNr or shs\ or *hded (sior),}, rnd (sioJ"" xnjotr t$e

L1

\ .



6 m'ior d.hdicrts F 3 r 6l md A'

La$. so/4 s/4$ n I miturc or soditrh s EaE

c.corG) + s,or(s): cxsiorc) | cor(s)
N4cojlsl r sior(s): NlrsjorG) +co.(s)

duslhn$dagrasssodjud5j | jcdc.

uirrb! tu!mar;3d3l [so\{r

rudrc (jn$hi.h Rr b xr[rrsoup) r

$rh qr! Hrro,: sntsor)ri

baf , *anmr0v). sr(ofi)6,



nr0D and r.:dqD @npouid! aE ionic rhcir @di.s rE stom in fisuE 2r. t6

4F

Irad &id !6MDrabr I$ 13.3.3i

wilh vm Hcl , cr,

ba. r Drmb.!e(Iv)! Pb(oH)6!

b6. r prmba!.(rD, P6(orrtr.

HNo3(a4) + rb(Noj): + Phor
wiib cdc Hcr(8q), Pbct + ct



Ledlll).ff bonlt h)droldc

r. r4dUt) orib i nuehdi,h k!d(rv) ole cnr

1. Erphn lhy lilrcdlt ) o!d! hs i dif!rci q! d

k) Phro,Gr !5 or Pbo:h) !1'

i() Pb,o,Gi lHNo,(4) 1/) PboG)+ Nior({) l
d {bm$rssc 4!doN (ir 6 \r = so, ( rnr

k)  Nr +o:- l j )  M !  ( ! -  (4 v+s ,
l/i M H\_o,(corcl , (.r iI + N3oHGoic ) l

F**l 
",..,,,

-=Jh-lr

(4) r i d er*q'e (rr qrbd dNrdr f odq lq

(j) whq @rd anprc$d ad@ druldc n rLvd rl

h qN$a d q6,i flooold! !^ bc rcdr ftd ls*

e. trrpLr {h]im$h^! no{Ltd!$!$D!d{ hns

( . rsos'a)sos. k)Na.so1oH)i

'solLLbre s s ft rb(No)l
ind Pb(cH,co.).



A COMPARATIVE LOOK AT GROUP 4

normddrn c'enob. dreuEi gem
nebnoid. ro rid idd l.rd (hich arc m
mrcrcDd<u|tr drudus. crbf 1{xccp' for gaphrtj n rnotr conducro. sililoi

i xnd kxd br!{ h(a ic shdures rnd !.c
coMucror (.rRpr for:rii *nh n5 dirmond rypcrrudm). Tlrr rcarin\ lnh

,fu,.i./ + c, sj, Ge. sn : hydnr€n oxids

, ', ' ' ' ' ' .":; '

C s'l 6.: coYaknt coDpourds. Jo

(rlrcd +1 rd{ Pb(r!) j\ an oridirns

ydrosrboDsSikotrfomsodyal'evsil.n$,
si"H:, .,. \hl!h r.3.onlrmouny nmnrblenrnNr.r Ll

2. aarboi romsn,oiom..i.oiid( comd cc! silron fonx rh. potyndi!

oLysd. *hereA thoc of siLicon. sixr, aF

.r#4i!,url 4. crboi rorms i

hLnA'rcadr|ylrydrcl)'sed'be][sjljdti.o|
idLi5.d$ellebrn slt or niniab(lri Dl



Irc ords i!R6c in bsi.nr ddM

{n,md(v) orurmDde(rr).

reer urh diruc acids : Pb(rv) conpdunds and P6r' sar6

prumbaroD or s plunbd.00 Pbo is more basi hin pbo:.

THE GREENHOUSE EFFECT
ni i : .db'anadynd.ba|arcebd**n'ne

mca rcftjeld fiof rnc sui hd ao cqualqu riry ofhcd cidc) adhl€d back

of rhc EMh.\ sffacc {it d;t ro a dinerenr
96 in $c Ennh s clinate coold Dpset rDod

prcdudioi, qedc d6enr. ni$ rhe l*el or o.cbs d! $an r rs ice 3se. ooe
rmFnirre is 

'hc 
crutrhose errt' t*

fi3')
,;:;|

23.9
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I \rr!.higrhr rrco rrrvioler b jntrarcd (uv
b rR, r00 im h 3000rm) }nh a m

rvheD rhe radrrioi nr.bq (he Edh

gru€ ou* efi.d The ellftlis comp
sunlighr edr. .id pr4eft inr$d radisrioi rr.m Lealing. 1Adtraur. in addirion b

Thde n nor wds in .he dtusphe
.faft n d& b vr6r vapour Horevd, djuc is
i.b is p.nty ptugc.d by srbon ridid. ts*

i

i : '
,.-3

n,

which mid. rsuh n ddcd conddo
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acch.iseMsd ur ii 1933 rn 1990areidn
rmn rhc fti, it. ltu Imkioft'
\!icdlnr*bodn*iFd

by : .c ii rtr nd (rlur! rnd rhc u Gvd {ill
d rhlcrcrcutrrtftrimis b{nR tu$Epd(

lmurarons on rhrch i wrs basd dnr
*d{t orahni alxnrsLobrlllmins, {irL

'4 
.  

' 'p  
lonlu

whEh tberrd'nird rhd funherompurerDDJ.uioshad.or.onfim.d rhe

orl,s rhaD lirbor dioxid. thecomr

pDernrrt or7 hjli{r bDnsofrhe.x6on
d$riJc rh! cnrcB rhe arnosoh{e erc

d rh* bdrr rmpcBru.o Dq$orfl r \erc

oDs aeied io $abittre .rrboD dnxidc ennsbns
idc l9e0kds. Thisv.uld not becnoughf rtr*o^r{imtngsof slohrt qrming

rtndionsi. Bffh nr te95, rhe BdlitrMan,ldu
s of a[ gonhous grs anr drc rlir 2000.

0'eciNloculb$konlhcprcdu{oio'
thb,ontrqo!{r.ns. tcFcs,fe\2e.et rhcmcl lif r&ifslcp*qq! r a

r .  kr  
^bod,r  

rorotuqlrcdoo h 6$rhdr uc
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rcu! !  0. i \EinueDsr td, !  r r .s<

I

I
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:

1. cLrcrlororrtlisf k) mrdrL!!d$.pr oo, ddrk
orei. ()odnrn d qid$ r (/reEidJ ! crqi6

q,sdofs 6c Drcpqtrs !ro0'{ d &s rtrd (,n dor

t. orLi. rD lou.odd prFrc kico non c 1r) P6o
non Ph. rr s i rom s! red |d)Pd:rifi Pb

:

1!) 6e qshr iruduc d sc dcnm,

(10 E\DLrc [ '! ]o!]odd dduqNr i js, n | ! i6'

(rj Epl/;Ldqtq;.!o ud oohDddsutn5o.

(i) srdd 6c ftFdi! LhrddfENFir n, urrc d qun?

(i ) s*eniiddrh o\hycor€drd1d! b[\hq d d

l



(d) rbesftori lrod6qqcqrnlriydudidLblsr(k

(r) Nlnc ! phyrcd reritqu sd ao e sed b fFla

(ii) sLts oqrk$rwim4 Dn\rhcirudlcionfti

(Lo 8os clr1 {Dd siH! hu! D ar wfu brload

(r9 
^bor 

!{ c d!n6 {c dsnFed.onrbbry b

(M s)

r0. G) coryaideDprd{,hhdeebsrorho{hovrh€

o) (t choqc rvo d6dd6 rioi 6! do{ kr. lhoe

nit ByorLqr th !dhn. $!sn a 6mda frr aidis
lhoodednrrc(rv) i!!!eistudu!(rdsr

t.) rhLrbno}4ft rloLis!orb ! hb$rrnd

(i) u$ rii A b hdo qphh siy srisDo! or d. tn !

(u) uf riy Br! hdn!r Dlirdrn krcdr Ltreforr

(L q)

n, kr DikN dr r4ds ii s. .hdid rnFni.r of rtu

(r) rLakrc Lhc hsiror ion loi iddtc b oa'r c

(.) ourte e Ddhld ln. rht prcBoioo orxd;!, rdude
s. erdo! (or &M'rio!) d rhc Fdud

10 q)

ru. k) Dsus{ih6cidror dhsaosdE(rudncd

G) sitotr q6dc (so r ud ijdundry a3 a s|)slrrub

(d rnDue sjriroo rdrslhbndc i FFd rrco sDd

o siioD re chroid! ao bc dued ro Fk.rLs nkoo
s iL{ii (sisi) vhr rc4{1san ecDtord bcry @r

(, sqsar hoy ad Bhy ncdrnc lDd sise drrs rtutr
rrcid vih qwos sd[n hr{iln&

(oe:, s)
D. k) tu lhndnd.idrrpr chus€ non $Nphr b

(r) Bdoy rlc. ftril! f! doss iir' i toru $rd e

(.) sqss r e$tr vby.ilisr tu { dunoDd nrudlq oo

(/) (r) rhe mdtrE po* on|t BBruonds d 6e cbuD 1

( ) nr Qnlouid Pbri. dNnFs r ro.c tu6rc [
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THE TRANSITION METALS

24.1 INTRODUCTION

*nc \rr. th a! r[aLj 
' 

dd (pol!$iun] md r arkrrhc qnh (! oi,n). rhe

iherd*nodLcnbneb' . {1.*d

r Trbh la L h \rlnlh r^f) =

s! (arr  r -T
rr  1At th l
v (^n II-af
cr 1^r) I]-lat-l
r{n1An r  i I  i_ i l
Fe (A) 1r 

-ti 
ti iI

co (^rl llf r[=li jI
Ni lAn lil-mlf-i] l
c! iAr lrl'l1lii.lrl
zi (^n I r-i!Tj] 

-R]l

scandiln (rd,'in qmDoun,rn lnd /jo! (rd i qfrrdfdr rcc\dudcd rr!1hn
r-ncoppdlr) (rd,r ldturordds rrr.odhiqr
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24.2 PHYSICAL PROPERTIES OF TRANSITION
METALS

T!.fisrtu8nion nebls m all hrd md dds,sood ondudoB ofh.arrtd .lericiry
ud p.sEsins Ndul nehdical propdi6. T!.ir m.lting 4d b.itins r.dpqatus
I* Figm 24.ll md shdad arhslpi$ of d.lrins @ hjshd lhu rtoe of
s trxli b.rdr a[ .h6. prop.fr.e & 1 lljeff Df de skensth or d. m.,.ltr
bood. wiri d .r(mDi 

'r 
trdl tu | . ehn\ rvs 

'bL 
b .,t pd ,n delo.sl s or,

Ao tu.llic bond is rbng in tDsition ndris. rise 24.I shows b@ borh m.fting
md boli4 tdprml]h dDp at h&ctu6d rn nrnsssq rhe d :ubsh.lt b halffull,
ri& 5 .lebs in 5 or6nsis.Ihh ddod onfuu*jon applss to nrle rbc
d ddotrs Ls ovailalL ld ddc,Is.rid.

E

E.
5

E
E

cg

d bk.knebl: ad r'.et snil. rb. siz. of rhe abn, nco.u.€d
thn 3 blo.k tub 3@diun ro ziq rh. id.live domic

inc@. id densiq f.or $sd!m ro
rtm ihc s b10ck n t.ls.

br tu ndilf. mdtuq inljla*s sbshly rrom
ras iodeaE co8idqrbly. It. Guh is m
zidc. Tne dllock mdab e. in seod,! ddlef



$midioindioiddgi*i idg$d|y
slighdy frcn $ddun ro ,inc Il. rta$n is rhar, as dncus.d n l4.1, rhc cncrivc
iurd chssc inm$s ooly disndy mos $c *;e ThL incmsc! in rhc rhnd
md|ounhDnn.'ionei€]ti6@lo$
b.ins move4 md rbe.lldiw nucler.bi4e lh{efore ince6* by a sistriarcmr

F

€z

Drrhcscrc dcr:'. ar Mnr. md ar Fc.. tn
each cs., rhs pcak in iolhdrlor eno@

24.3 CHEMICALPROPERTIES

n given m Tabk 2a.2 Otrbtxddine tcduEs ot tran snion ndak rc:

r, rho vaidblc oridabn nab $ 14.61.

!, rhcn E as d$lyss Il24?1.

c. rhe foma'ior or complq ionr Ii 2a. I rl.

s. rhc romationorcoloutdions02ar].2l.
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24.4 METHODS OF EXTRACTION

i -  p.  ,  . r  " .  
*  

- ' t ".r'... ""; ; .,*i l0 e L rtu rollo\inc as|s iu! hc L

.aFiB'saldebr jsrndhr l€5lh.de'sdoreEh' .d

r. sdlphdc o.es re rha toisltd r.

! '  ' ' .dc '  '  
Af

." . . Id" . , :1or,r

24.5 USES OF TRANSITION METALS

24.6 OXIDATION STATES



'hen 
llgbtr oxid ion nah $ey form .o!!rslomDoun t\t5.rq Alsoimtud.d

inrigure24raFrhecrboirL(F,ponnds,in$hi.b rh.ncrat h!5u onddron

rt tt (t Mr

24.7 CATALYSIS BY TRANsiITIo|N METALS

rcrcrds wrrjch ft sr,r)sed br rx
(vuxdion(v) oridt, rhe Hrbs p@!$\ (nor or troi(Ilrt oxidt, rhc nyqrus{D{oo
or uneturard oih lriddy rivided nickcu @d rhe ordriion of mnoDji (ptariiunr
d! PLarjndn- rhodiuni anor. Th*e e
lt r4 r0 !, rn {hich rhe ncra nol*ules ar ed:orb.d on rhc iurrae or rhe csly$
Ir f rikely thar rhc rd ekdroas embL

,nos.n$uscahlysisN 11.10 tl,*hi.h ir slllry
i$lcoiiddton numbd orlbr i{6Luu, uqa

s:osr (!q) + n (aq) 
- 2sorr 1.q) + r:Gq) t l

LoD(rr) hor oa'dyr'he ractoi. and
mue ror 

'rc 
mdion via n+s14 sd lrt:

F!:-(!q)' jsro!: Gq) 
- 

Fc kq) + so.2 (4 lrtl

rir'(rq) + I kq), Fc'(aq) + N-{aq) tjl

! Iri lr l0l rh3n.md'ior tr j bdver ionsor
rs$cded r nep lrt

24.8 PARAMAGNETISM

Prnnlgndi. strblarc* ue {eakty

nloncryanlldd'o!d'4dnfieLd'



r - - - r

L___,

0

a

c

0

t r__l
I
I

r_- l

r f - -

r__J L___-.1

T__r

L- t_______l

:5

2."

aatsa

9p

9?

d qo d

9

I
,'

:
3

3

3

:

r--_)

L__t

q

i :

c f I
____l

t l

-J

E
5

L__-1

L-__ 

-

96



24.9 OXIDaEsi AND HyDROXTDES OF TRANSTTTON

I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
j
l
I
l

_ l

Feo. cr.or(s) + lcG): F.(t + 2cn, + 4co(g)
'njc'cfuch.ou.a]|oyproduccdisD$dinrheproJu4iololll jdesn.d

I'lanium is hincd m ntte, TiOr rftt orher oxide ores rhirh conrain n.n. Tiranim

ohrb 10. k n mLrg

r1o:(r) + rclr(g) + rcc) 3 ricLld + rcoe)

rheKio[p(u$(nmedd1{nr jnvoio,forr|trc]rddinordhDium0g.hto 
e

| ]yddl ILd]mudreduldprcs5urc
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Educine nh[doD oxide wirh ctrbon.
Trr. morc d{ropoliive elmflr clnnor bc obhiied fron dsn ondes by nnuion
wi6 cfibon. Aluminiur i! u$n. Ir ndu.cs m.d orid6 wnh $c cvoturio. or h.d
ios.ror € rnlrr l lerhsn' feuor .  rcmu ,  t  d.dc,c. ,o_.s ,o.  or \

n otdc .o O..  d,e au cd i , . , , .  . ,J.

cr,orc) + 2A\t + 2cnt + Al:qG)

Ile hydrdides orre.iion nd'ls s
by rhe addinon of hydroridc iotrs. Aie cclotrr of rhe pruipiac .d on.n b€ u*d ro
ido. iJ |h.m{ddP9d

-
Gbrhic(rr) ioi. G(o$!r (4)
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24,10 OXO-IONS OF TRANSITION METALS

in rheir lrigh{ ori&tiotr sats, rhe t
combin.d widr o:y!w s anion: MO.r uJ MOl: . Thc mos impon.n! or th*c
dr lbc vrordaeo ioi, vrolr i .brouat(vl), crol: i dichomdc(\rl),
croj'? : mr.eudc(vl), Mnol_ i and ms$narc(vlu lllio4 , rhe sodium and
riorrsium shs ol th*c rniod m s
ag.D$ er$ld rbm ro be usd in itimdnc rnalysil

f

!
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wl'.i r.hiomiunlrrr) s n hcxrcd i alkatn. sotulioi {irh I pddNd{ l5L!
Fr2u:.r.,i1. i chroMrivr) Dn n rori,!d:

rcr'iaq) roH (ao + ro.: lit) , rcror: tiqr + lH:o0)

rhc cf nq) nr is bL.voki; 6e crolr (!q) im isrdLor hroidni(ioi.

'cLro{ 
lrrdnn|(vr) jdis ondu$ ro nm oree dichronhe(vt) ions

rcloi: ixq),2rr.(4 = crro.r hq) H:o0)

Ydro{ .hrofftlv0 ion oiusc dichmmft(vr) io0

t  9 l '  t  e e l 'i l l i t
I o< ci ,o to+cr o cr+o
l {  t ]  , lLolLool

Pdsitrh.rbm .ryr)n N.dartr
arr.? 16l
Pobsjud dfhiofro(vr) n usd rs

lontk$r li.l lbrhr|rardidft,snd{r] ! |

c.,or' (aq) + r4H ' (aq) + 6e 
-2cr 

G4+7H1O0)i re = +lrrv

bblu.v io le lTogikashlTqod'od,a
yrmine shhomr n added Pdssitrn

di.hrcnlr(vr) ii add sordion !!n b. u$d b cnind{ ilsoD qr':. dhinednares,
jdrids $,r dhq rcnriq agcdi ar 5.rt rr d be u*d ii rhe prhe df

cL.(s) + 2e = 2cr (aq)

' 
ordned by pohsiuf dichronaeryr)

rh? ilqt tin aJ Pdas\lnnesanrr(vr), KrMnor, r a dek grEo sijd rood who mosaudrv)
z434uk(/4 didc is ncrr.d siri

chlorar(la or pou$rum nirde:

Mno:(s) :2KoH(s) + tol r KzMdo!() + H1O0)

m.qdar(vr) nD di\popod!{naks in eid 3oturtoi inro lne fdsauleryn)

rMtror: (aq) ,4H.(aq) r 2MnOr (aq) + M.o?ls) + 2H:o(,/

Po'as'um mmsrnrt(vll). ofteo crr
rcid \orutioD !\ 0 dri'lniis 4c in

MnOr ( !q) :$H'( !q)+5€ =Mnz (4):4H,o(L) i  !e= +rsrv

f+l5lv, i l f lmoieeovedu|didhi ig

0rnsande(!rr) canDor rre usd $ s



: 'o59'e(oUo'o

mn l \an,  hyJmsine6.des^dehrrcdosrc\br | l  r t

.,. f*l ,""1H.64r- F-l M"s,.)

I
I
I

i3

I

,1

N*i:'.,

I



24. t1 HALTDES

gds'rltrdr]'.bijiesNihilhdrddF!{dcs

ihe rjr{ rfsirioo $nes, bur do6 ioi ahvrF bnns od ttu hlchcn oxdrroD nr@:
m' rdgmse(ll)chlo dc, Mncrr, who.rs

yrh nNnru n rorms mDsan$dro) Jluonde. Mirr Brodiic dd iodre aho
ds.n\ , rL 'hotruhthcnda|sm4reedbe

heaEd io 5p*d up thek readions qdr odi.e.

Ilydnred chhnJd !d bc nrde b! reaciiog ihe m*al or the netal oiidc *ith

flbydrcus chbndc hy h.ninc a hydrre Esuxs in hydrolysn rid 6e rormdjoi or !
bsicchhnd. Ir ircr(ll) chlorid€ .rynds G hed€d. non(ll) .hloride hydroxide n

F€clz 6H:O(s) = Fe(oH)cl(t + HcQ) + sHroc)

Anhydr.us iron(Il) chbnd.lo b.obhiDed, holqq. jf r srcm ordry hydrcsen
$lsEqui l ibnumi5dnEnoElbdcH

Anhydrous chlondd ,n rslly mad
hydmlpn chlodde r chlonre. rhc amaraius shom in Fisua re q. i rs I l, .rn hc
usd for rh. pepmlior ofdhydrous non(ll)chl..id, $c product strblir.s ovd
as morccul.J .r F.:c16. If *ftr is add.d, FC'(att) rnd cl Gq) ions de torDed
rr dry hydrogen chlondcis pr*{doqhcdsd non, anlrydreu ireo(rl) ch[lndc n

son.rmsnion maalchlonds d. moh.uLn Gc, rlcll)irh. rc" N
!n ihe macromohcular chlond( u! .nhd

re copper(I) chbndc, sillc. chbnde 
'nd 

ncrcq(l) .hloride. rhe ios e nabirise(r
in soLulio! by bydnlon wnh $c ror
F(Hro)6r . Inihe eE*ic. orcl'lo
soluble chlondc conpl.x nns. es, cucL.l

24.t2 SULPHIDES

strrphide ore5, rnr examph. Fes:. cuFes..

bcilldcbr heatinglbendllr wirh sulphu. surrh(do$ d rr;os dd th{ hlBhci

(nr) orid.. Fqor



24.13 COMPLEX COMPOUNDS

*i1h a n.ur,t m.r.!t., es.

or vnh an opposir.ly lhargcd ion. e e

cce irdion nunh.r is rhc iumHor
rbms romiiB qiordinar bo s wtrh $c ccird on or ionr ?, 4 rd b arc connon

q'ld ' " :'

dhaoer., diahinc H:iicHzcHlii'H:

rn {hi.h lhe to'e pri* on rhc rwo n

, \  c,e[  r r  dd.r t  . .
Ier  p e) i  r .  l , t . ,  h ' rm

cHr co:

rntionasaNrr$turioD of edht{lr.r 1?t.

dan]d|ov.|16'rgqd\nlofutredbr'|h{.niootr|ig!ndsxl

lcoclr(NH.),1'

Thc mhe ofrh..omplcr stves rhc n
cdio4 ee..obr(u). pftded b) 1
.s. hBi.mmiieob,r(rn) n



de u$d b show rLe nunb* of ligmd
ii alphabdicrl ord6. dd dre prcfii$, di, in, 4., .rc noL dlowcd io eltr rhis

Tehrquadnhblochnniun(lll) ion

la rhe cofpl.r h .n dion, rhe sdnr -rE fono{s ihe nrns or dt nd,l . e , zincat
md chrcma&. ltrbe m$l hti a Ldin ihq rh.i itr rhc.ompler anion the Lrdn
nan. or $c n.i.l n $ed, fonov.d by

Hdacydor.ftr.([)

E\upl* F sjvd ii Trblc ,1.5.

Aqur ions c.n b. prc*nt ii the slid sbt,. e. Feso. ?H2O and CoC! 6H:O.

rmBition ne61 ions m ofbn colouEd [s vaoadiud, FisrE 2a al In an isolatd
rdsition mei,l rbn. 6e fivc d orb
sm. eory lcwl ld r 6mphr ion, !h. d orbitals difs iEllly in cdcJsy rs r Guh
olovslappine dil|€gtly wnn the Is
junp trom oi. d odirsi ro hotb( il they absorb .trsE/. For md{ tusidd nd:r
complex6, rb. rrequmcy of lich! rbsoib.n ii ft.s. od.rsy tmsi.ioos n io $e visibk
rcdon orrh. spsldn. rd th. ion appffi coloucd. The colour ol thc ift i!
conDlmnld to rhc coloM absolbed fte Sc" (aq) ion h$ no d d-tons, sd
is coloul.s. In rhc ions Ctr' sd znr'. wirh r dro .onfisurarioo, no d-d tans ion
is Fsiblq and th*. jons {. colourles. D r$.nr ligmds alTe! $. cn.4y lNds

"r'h. do bl'€l l.u Hro'!

i



Ir
I
I
Fb

I

Ftrt
I
1l
t l

t l
I
t
t l
l l
f
I
I

t
E:.
f.
H"
Fr

\

d

:

8,

IL*=*11*
.,,.1'1"01 , @ u"o.ro*"r

*Jh-_--lT 
-vo'r1nq) l*r vo,(-phok,k)

,# * ",.4#-"o,-("")-@-="#i*)

OF COMPf,EX IONS

cobrnD€tn mc.hods rrc ,l$ u!.n fo! findins rhe composniod ordnplex ions.
h! Nn blrt/l theJamh whd.olurids olnickd(ll) sulphare sd edu arc mn€d, cotoued.ondd ions

aJocahpktb... ee forned. rf rhe fomu|l of lhe ion is

rho rhe nr:imum intmity or .olour rd1 b€ obraincd yhcn rhe lwo e'u'ons arc
nnrd b sirc a molar r.lio of



Trble 24,6, Tncr m put into r

Fisus 249. Th. ia.nmdt sie

is proDonion.l to rhe @imtr tjon
of ln. ${id L\d absorbs ijgn!
pbvid€d l ruit.de fid i! s.d.
Tl'e lbsihmc. h roud for ach

|&t i { f tMe(I@3{/)

c
.:

24,'3' STAA|L|rY OF COMPLEX IONS

Ilre dis.iarjon .on.bnb of @phi iors d covq.d in | 12.7-17.

Ibn h. ligrd! ra rbe eorral Jbm o on
dcFodr on tlE iddti.y of thE .hic odib]s wd by t!. qbd {tom or ion. Th.
oridbrio. or b.nd orbibis hls b€n @rcr.n ir { 5. r, sullrlui€d in 05.1.6 8nd
.i&nd.d in ! 5.2 Il ir inhring ro lek at a $rdijon of ihc mdy coipler iotr



I

24.r3.6 .coMPLExrs oF cHuoMruM0i

" ."',1 :::;;,.""1.h* *T"ll',::;t".,;:n::,_i-i,"3:1 "Tit.l,"'
;"tr"T:;;:**::#"1,;'jil';:i';,i:;"1;:.i;1;;;1i."'.".
h*a.,*ii..h"^jmlrD ios, cr(Nn,t",;. n 

" 
*d,"a,a *.-ci..;i"r rie_a.

t\'

I
nH,

r r 'he. :  t4m ".  no dm kr .F

{qbnF,g4nds 
'dr@L{\ 'q

'$t+".'t.

I
ns.



o) Ic(Eo)rqr' ,cl- H,o
G) IC(Ii]O)]O:I' cl rH'o

Isdd (o) di.b6.n_$d lzc s@ftieli.orm se IigN 2413 and
Qdiotr l,4.nd lq chEtpoint xa.

Bddehslndi uct s rhe.*D.Jide ad

-o:c co?

E,iics.Gr,iiH,
tht dttuflinsnn romcmtlde{bich shw olli.oraoffiis lisw 2414shos hN1he so

ft .,,p&s Bd, chdlt conpld6, ti,(dnm.dioato)chrdim0r! rd tis(.thecl,nidiD.)_
,rr'eraE ,?drdr cbluiM(nD ions, .ns $ mirur im{c. foms c flf'offi

I



z.!3.7 coMpLExEs oF cosALT(rD aND coBAl.r(rn)

cabaharD tuJm c.baqnD ids foh comptq jons vjrh rbe rsDds H,o, NHr. ct ,c,or,.
H,NCH:CH:NH:,cN ,NO:- odnsy o$si Th. conptd ions ae similr b

/iedr rhose of chroniunoD. c.bd(D jonr are more sabrc lhatr cobd(rrr) ions_ virh
rh. Eluh lhar Coi ions uc powrrut ondnins rgeoh sonc.obah(rr) compl.r

I6n(lI) md iron@I) ions dptoy six hyhnd botrds ro rom rhe complcxcr
hdeymofdic(rD, tFe(cN)6t4 , and hdx.y&or€mr(nr). IF.(CN)6 | tse
Fisde ?4 r 51. so sbbre rft 6e conpbG .har rhe hydoxids Fe(oH), xnd

Nc-"tz-D

2a,r3.a moN coMPLEXEs



ldoH)r * not pHipitrted vb4 hrn6rid. io f. rdded b tolutids ofln.
emdd ions. Bodr nongD od nD.qID ions ft hydrded in tolatd 6
tF4l:o)6lh ad IF.(lLo),l" ir F cuE 2a lq

Iid(IID id. fom ! blood-ftd @mpkx airh thi.tyo* i6,
IFe(scNXHp)rF" (.d, No $.h 6mphr b rom.d by ircn0D bn,, r'l'. r{rdiod
of thjs Uood{qi conDLx is rbd.fofr ur€<l b dirtirusi$ i@(III) ttm ircnor).

Hadodobi, cotli's non in lne diddim
Ficw 24.16 shos hd or]$n mlEuLs e ftm mdjnrb bm& ro dF iM
tuns. Thr tonitir€ is miblq od drbl6 haenoslobin !o ouy orygn 

'und!h. hody od rela! it vh@ ir is ...d.d. c,Jh.n norcxidc md cyoidc ids
md-dind. Doe sMsly rhe qyga b lom v€rr *ablc @plN. Th.y pftm1
hadoglobin ftutr r.*ing up oxr€.o. thu. edns u poiso.s.

2:LI3.9 COMPLE)(ES OF COPP€R(D A|{D COPPEB(ID IONS

T!. .lerron ontludjons oroppd

|mmm
minlfinfll
liltiiEltrlr I
l r !Lrrr [ ! r  r

tr
tr
tr

F,m rhe debo confsu,tidq n nigit ten lilely th4 Cx' sould b€ no. rbbL
$m Cu:r. In rrc! shd *od.rd rcduolio! pd.Duois rd rhe p.slible @rids

ola(d9) +. +cr+(aq); 13= +o.15v

ch+ (aq) +. =crrG)r r-= +0,52v

ft forrom tftd s l3.r.21 tr)it th. @djo, rhsr trl6 pl8e is

2c!'(,q)=c\G) + cr:'(aq)! ta- +0.r7v

Ire coppa(I) io k usbble 
'nn 

6pEt b dispoponion.rj@ ro .appd md rtre



copptr(ID ion coppd0) 
'ons 

.d b€ $$r*d by rh. fomdren or dddq6 as

tctrc!t Ic(cN),1, tcu(NHl):1'
comcor) iods usc ror boid\ in co
rhebods in rhehydmrd lcu(rr,o)rr.ionn squre plmar. r. sdluton, 

'wo 
qds

foreflLs ar Lmrry .oordi.Gd rr rieh' mgt.s 15( Fisu( 24 r 1a)1 iD a risbricd
isplafts {atd nok.utes fron rhe pile blue

Grraquacoppenrl) 
'ons, 

convdinc 
'h@ 

inio rhe deep btue baamin.lorJod1t0
ions,lcu(NH.).17' l*eFisurc2a.17(b)l

h mmsrd.d hldnchroi. rrd, lah molsnlcs n lculH,o)rP' irc Eprac€d

(aq)=lctrcl1' (a,l) + 4H?o(l)

rn norc dirure hydrocNorn add. the sotuiion n grccn duc ro rhc rrc5@.1 of borh
bLu.lc(H:o)!r. ions a.d yelow lcucilr ion! coppeor) ioos srso roft
.omplcxcs wid, dhdcl,2 dieine Dd *i'n edh. coppf0t)n ih€ mon 

"rcnslycomprexing or ar rhe tus ro|e pdiod diposiiive cariotr:

)

\ru dr! lonph iq lcr.i{HiN.H:cHlNni)r1.

, r.r{rnmrdeorobdnlr)

rsrb \*! dch Icb(H:Ncrr:c!:NH?),1, 
-nr

d coppdrt sulohlE ftsurd ii o. idmdd d e pd€

dsodn$!.dr6h.hydrcsbft : . ]dbsiE.odc
bb.so|u'iodaidhsrtoh{dh}drcchht&]dh3]w

t. r{o nonqs qir d 6!Eda crdilNo:)(NH.L. oi!

:& Nanc 
'hc 

rcnpbr b! trlcjj(N3j)rr" skrh od

., rhoc {c hrc nonos d Pr{NHj )3: whr' do4 sD



24.t4 tRON

dkli/ftri.r- r/4 I' r obrriDd
ibeory,$1r0,  r l :

Fc:o,ls) - rco(g) +:Fe(t r 3co:(rr dr: = :ikrmor '

^t t lEbotomof ih. iunj t . .okefclr)+o.(g)-corc) i
5abu' l900.cmdjnrceionHighelupibc

fundq cflbon dioride reetr sirh .

cons)+c{sl-zco(g)!

cacorG)= cao(r) + co,G)i
(Iv) oxide md alunrnnn onde, rhe 

'mpunftsin rrc dro, ro rorn r noli{ \hg orcakium silLdt(Iv) and cakNn aruninaG(rrr).

caoc)+sior( t rcasior0)
caoG) + Arror(s): calr?or0)

.i b. h,lved The quanri\ or!L4 r

r'tl' l



@
U



cirlcd pigr rhn z! ,idi or 6r 
'd

dwl|ly. srEryrh jn!tuss up b li; crbor and rrren dsre66 Ifrhe carbon

11 is sled u,4r 
'D' 

tse F g"r ,4 re].

S.mc of thc iron l.avirs d. blrn tu

c.dain Lcs rlM 1 51 cubo4 r c
(eLs re made. qith dirqcd pror.



l

l

I



qi!urd.trmed iiin rhc 
^rtitri 

{osn
{ orncLir in bour 'r't (rrd. Pm!c$ !!ld

tsr i :1 I j turn{ i {D{rd '  ar i ! I

^ 
Lxr!. tadd rirQrLhL anDuruK trrduon lf

$-l (l0nilLion hnnct i\ n!{lld !j
n hydntd toqrrr) dridc.ltro.

re(n.  rc t rq i  :2.

o?1!O:2rl:o(lr + 4e -.roll (xql

precipndnr d;on(ll) hr-drolde, Ferol t).(\), .!a$ 
^;orjdj5$ 

ur o,6!.

2Fe(oH)rG) + jO:lrq) + Hrolr) i F.:or rri:oG)



, , '^ i : '  u-" : fc, : ] .  
. . .  q.obF . .  s. , . ! , .ob\  -11:( i l  1 {  lE do

trir Ii Phor rnvr si,h rnr ruj
(b) 

^ 
coarofF.a$oroili3 usrd ao

'" .""- . ] ' . , "" 'r3| ]c ' .ds ' .e jKn] '3|e

t ' "s " * ,,

d' lunh' i rnc ' I
.hod, fd,o . , r 'Dgt.*  t  

"u 
c.  q 1



Tne add.d mehh producc r srface

rfr hk,.r dfi mer!il'ightrin I hc El( trochcdl.xL ssrcs lse rr brt 13 llt.onn.d!d
de and tr N.oriodc'l {l'iL non re riDs;hcr

Arcrhs ndhod of orhodic prckdioi is 10 mke ;on $e cathode by conisr[g I

$c posn;c end T'c n{g ive poieo

mda|lic elcncd5 dx}gel ilrog.n, lhe hog..s.
Er and ,ir ro rorm ru{, F.:or'JH:O' md

nh rbd ro fom nondl) mn(ll!

rFd, + lH?o(g) - 
4IIrl9 | Ierol{s)

This oride s rr!, fon.d vhei Lon L head n atr.

lrcn Eads *ith diluE sulphuac eid and hldro.hlon. acid b ro.n non(Il) J s
rod hydrosen. ft is rnack.d by dilurc nitri. xqd h r.m nonorl) Diat md tr

nickd and chrniun C.g,lri', Ni,39i cn
iln orfrdxlondes vhich n jnp.dious b

:

l rrio+ lo:lar -,oE 
(4)



F

,

L

'"-fr*:;:



I

(b) Add s: (aq) ro a solurion of onhd an FC+

2Fd-(aq) + S2 14)+ 2FC+(4 + S(s)

F.:'(xq) + s, (xq) 
- 

FesG)

P.$ HFG)orHcl(c) ovsh.ad non.

prcvctr6 !h. lomarion of FeBq.
Hear non vi'n iodihe. (No Fe! en$s.)

Addcorr Go bFd'(4.
on nandin!. ir chanes ro Fe(oH)rG)

wh.i hcatd, g,v$ the anhydroB san Oi tunhq
hsrins,fomsiroioDo de:

,Fcsolc)r Fc'orG)r sor@ + sortg)

romarion oiihe bmM complex ion,

titinedc lidyris rc r.31. Ir b nor



-1

ic) AddoH (q)roFer.(4.
hydntd Fg:or is |jKipnsl.d

(b) Hcdnoiinaildn.m:

3reG) + 4H2O(g), F.rO1G) + 4H,(9
I. r.&b 6 I Diilurc of Feo .Fc?or:

rcrolc) + 3H+(nq) : Fc'+(atl + 2F a{aq) + 4E:o(t)

PA, Cl, rBr,iglstr heEd rM Tb. soDaatu! in
FEUrc te.e, S to r. i en b. Nd. Foo! d F,t 816

lTh. rdiotr bdw F. ud t:pr6 Fd: b&u. Fa-

l 'ml I .da. l . . ] ishl \st lm.o

i l f" l , l t j t t t : ' " ' "s.", .1 t : :n,,r.h.br s, ludr.
a8r D.Qfd dmuhrrctS te24t. ttu ads rohydmtysie:

rFe(H2oUJ" + H:o = IFe(oHXH?o)5r. +r'oa
IFe(oH)(H:O)rl'. + H,o + IF.{oH):(H,O)41' + H3O'

tudysj3 rho*s rhrt Turnbuft blue
KaFeltFon(c$6r . rnis b ht oru..onpouid is u*d as a picn.Dt.

Pota.sium hdacrmofdsh(U).

Pobsium hq'cyrot@ac0ll)_



4.15

E
STEEL

f  1 l reL G,h$.nJh,bnnMs bdo tk
rrbL! 2a r, Sla la.rl tLey arc lonnr

rordk n u*d txe Filue ra 261.111
sp{rrum orr sm,ck or mc'ri tiz rl (

-J

o
o @

i 'w.|ks cor!truousrylse FisuE ra.:?t.rr,. procs istu' rh. ftrydrorhGof



A^oirorpr, ;v 'uoar i



I
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24.16 COPPER

rsr. ri'l qrr.xlrtr{. cus CoPro n obmi.ed



r \e\ ig l | .n. |coid '

.n.  .  .oor i ,or t  , . "

,linc. {irlj vrich n fonN o,Dp{o iodide. 
^rm .opFo didr



I



I - - - :

24.".3 COPFEROD COMPOUNDS

coppfl0 Conpounds

24.ra.4 coPDERttTcoMPOUNDS

ut]; ifjtoo "-o*tr "*n."'0" and cdnprd ios h's bq din.rd in

24.17

lfIs.oc":" 
(.q) ,. 

"rk"r* -'"""" " 
, 
- 

,rd.r,yd.

2cu,.  (4)  + 2oH (q)+2.- ,Curocl+H:o0)

ffi,ffi*;::ig lxi:w "Jrrd'hvle I! 31 6 31

ztNc

Add oH (aq) b c!:+ (aq). A geta6o$ bluc

Itadjsslvs itr NH3(rq) b foh cvNHs)i}(aq).

wam Crlo qlb 
' 

dil*. ed.

Hee Cu s$ hato€lo ld..pr j:).

Add s, !qr ro, studooors Cu?r sdt

l'3 ft fl1,3:,*1lt:",3,r&."3*)'io icucLr - (q)
cu?r(aq) + 4ct (aq) + cuG) + 2tcucl,t (aq)
tcucr:i (aq)+cucl(9 + cr (aq)

Fqcmbr!! coppn(tr.htonde



u{d o el,a"mg neland in rhc prodldi"i orrrs rcu. zii.

zinc n iol . t$snion neral hh3s
zi:'. shi.h rl$ hdec r rull d subshdl, arc colourl*6 1]lo imbiliry of ih. d ddons
ro rak. pan in $c m.b0ic bonding s
boilins rdperaturc 6d thc tmsition ndals zinc rtsenbles tssirion md8ls in
roming :ome c@plex ions and dos no! rcsdbh rhc m&ls or Group 2.

zin. r*ds rvirh lcids ro tom salrs or.he hydrarcd zidc(r! ion, ztr(H:o)62+ n
slso Eads wiln ,lkali b fon ssla or th. r.ftnydrcxozincde $n (or hcac 

'on),zn(oltrr , *itb d. dolntior or hydrogen :

znlr + 2oH (aqr + rH:olrr - lzn(oH).]: Lro + H:Lg)

H*r zioc e'boMrq 
'ilEk 

d hydrcridc

Ii bcoms y.[ow wheo hot. It loses son. of its oxEen
.ooietr! !hi.h E.onbins on 6oli4
iiom the cry$l todurc hads. h.E nd ii otbd cass,

AddoH' Gq)ior$luddof!zil s,lt Agelatinous

^ljowhydrcchlodcridbEetryilhArcnp6 !o 6ale {hs rhydrtrs $li trcm 6e hydratc lced

(r) Heat zncl:. 2H:O in dry Cl,(s) or dry Hc(g
(b) Hed zD in d4 cl,(g) or dry HcrG)

AddHco. (aq) !o a sorution or s zo! salt (addirion ot
CO.'? (sq) l.ads ro thc pEcipnadd ofth. b$j. cebonaE,



, is

-" i  
*""-EI- . r , ,€

,",i.'.,"" lo-t-i



r,ir rli LJr!.si rrsc fdu o{ d rloL | lrtri{\

tculH.NcH-cH.NH-).1



1 .lf '." ;1"': "T :.liil j,:;,: ",t 1, I j,i.,lll "
,,,,i.', ; ]:i;;. j l;: ilJl.". ),;".11 "..'::
ll 1ll, I t;, l' " t;,1:r i.it.i:,1 i.ut:.r,1.:. "

,d. . , i  - -  '

l:: llriii'"H;1.::i:l:,T-'---. -* . "*,t i  ""  ""*, ," ,
l i ; l ; ] i ] l l ] l ;1" ."1. ' -p. l - . .1. ' . "
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25.1 ORGANIC CHEMISTRY
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25.2 HYDROCARBONS

sho{n .boy., nedruq e'n$e and prcpme, re rlkrms lhdy posss on9 siigl.
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25.3 ISOMERISM AMONG ALKANES
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SYSTEM OF NAMING HYDROCARBONS
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r. Nanelhc Lo.psr unhrrn.bed cjibon chdn.

aH. cHr cHz cH cHr
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cHr cH?-cH clr-clrr

cHr cH? cH?-cI{-gH CHr

HrC C:H5

cH:-lH cH,-clr cHr

cH.-cH2 cH?-cH cH cH3

Br Cl

In spire ofd. wty ir h w tctr,

longsr uobnnch€n chiin has $vetr

alpbab.tjcal ordc, oor in the

To coosh4 &c ronuh dl a conpound non i$ nane. c.g.. 2i dndtro.
4-n.&ylhcrme, ard *it rh. crbo
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c c c-c-c-c
I
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cHr-c{ cH-cH clt, cHr

cr cl cH.

Thc dkm6 E nor ihe only btdrocrbons. Tbcrc ec also .lk4s dd dkvd*
Alkancs de srid ro be 3 lnd hydnalbons as 6cy .ot.ii only sinsle bondj
bdw.m cabon doms. 

^lkeo$ 
dd albics !e mrh d hyd@dboirr rh':v

fomsly .,xed erhyldc I1 is lhe ftrst m.Dbq of 6e bonologo$ $nca o I arkcn.s,
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Thc nrmes of Ihe o$q fr {nb.n ol ihe sns ue siver in T"ble 25 1 All lhe.
hydro.dbons rE clrsified s 
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hydro.fbons. alipbatic nerns fdrv' ii

6rcek. rh. codncrioo beins L{at rat
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25.5 ALtCYCLtC HYDROCARBONS



25.6 AROMATICHYDROCARBONS

A tnid grcup ofbydrocarbons is rhc rrcmric hydnubons Thcy @ rclat d ro
ds ro b. hola&d hnd ptcrsan! aromas. and

gNe rhis group ofhydro.adds rhci
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The sub3* orhydicdbons n snbdansd in Fi@ 25.3.
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25.7 FUNCTIONAL GROUPS
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25-A REAGTIONS OF ORGANIC COMPOUNOS

Thc Hdions oforeni! lonpouods illl inlo four clxses ThAe de listed belo\r.
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On. molccuh reads ro sive r difi{.nt nokctrtc

CH.-CH CH:CH. =€H,-c

TYPES OF BOND FISSION
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hFro3ln Iotu ro rorn c6Hrcl,. rhEe dillc(d snlomds c. bc rorM I her

" 1..
l )

''l-'-.,

.':\

L!-r
Y

(,) An sr.ohor aDd ad dh(_ e.g,

(r) An rrdehldernd i keronq e.g..
propdx| cHicH?cHo. and.ropmoDq cn,cocHr.
(.1 

^ 
cr.b.ryLic dd fir onc.. more cn{s os.

kHl^.H' ! ' lH'



r. rh.E &. h @nPqds vrh th, romuh qrta:

1. rh. ndtroki r.muk qHNo 0d qs@o sd
ehih hea rh. noreoh' ro'nde (4) cjH rcq ud

T$o nomenc loms of . .onrJond m ry dirl in dynamic !! uilibnun Aldchld4
dd kdois .xlibit ldlHd rautom

cHr-g-CH3 = CH-C-CHr

o oH
6c kd, rotr of propsooc rhc e,ol roft of plopdioic

The..nonds dirfr ii re posiiion o

tom (ror thc ,c:o so$ in kdons) did 
'h. 

.idl rom GE ror c:c md

,r ldr lhs {H gour). rnc p.rcnrc
boiyl .mp.bds L$ 14 r I rid rl 3.r1.

Therc aE niet ,.F! ol ld romda rnd dso ihe sme *rurural formuh
v4.dra,./r' Tte difls.ncc b4sen dicm is rhc ermsms L oi ![e bor d s ]i spx.c. s rrcoi$mdisn'

dmbD(t).^ td,risomedsm,(2).dtomdionzri:omdsnor(r) opticarnom€nsm.

ic=cR2 sd dinsei in g 5.r.7. rhe
group6 rE noi fEc to orrt ahoui the double b.nd. ln a conpound

I ihe double bond (he .li isomd) or on
sid6 (rhe tr ,lisomtr) ct fd r4A'btrrdcdidic dd aa shovi in Fisurr

I



od chmicar pbpsrici They dir{ in ndring
hrq4uc (.ii r35'c. r,6 :37'O, io sorubiriry (ci beiic r00lim* oorc sotubte
dm ,!d Md ii dipore ronmt5. The.n rcid (forndly crtkd n,tci. eid) forms

[\anv14 t? buhEtitu rid fons rhe anhydnde of.l:Fbucnediolc
a.id . . acid, shdsins tha! btdion hisbn hpddhr

cyclohcxane,c6H'''*n6 jorworomsvhichdifiqhcootomarionsdmdcac bcn
.s rl1. bor. dd cl'rlr forts Ise Fiee 2r rl



lf r bem ol right is ps$d rhrcDgh
polaroid, th. mss.nt lighr vi6rarcs

1 Nhkc { nodd orqdorsl!rc. qs@. sov noy v4s
myoui idofrcphciAlHh!,c|bejwthcnnLdkaj

r Nicol plnm (of .a/.r., CaCO, or r pide or
ii i ridglc prdc rr is eid b bc dmFpohrbcd

c.nain subsf.es, eirhs in c4$ll
th. pllnc of polm$ti.n or planepolari$d hgh. Th.y arc $id to bc opri..lly rdirc
The efied is ndsund Ln a innrun
ofplDErolrisedrsntlh dg[ r solutio tr oi rh. s ub{aice. lf the pLans or polris3rioi

cd fmm thc di@ion or thc mcrgetri berm,
rhe mrrrion is dcsund€d ( + )r s mriclmkwise robrio' B dsisat{d ( )

comPndnds whlch rre oplildly active arc .hlrr|Ineir noleculc. hdr i. phrc or
riis or .e rc of syndcty Is 5 1..11. ch
mohcules I hcy rrc eomrio'6, i c . nnror ina!6 ofonc anorher [F Fisde j 10,
{ 5. r 4 aid Qustion r. ch{rrpoid 2sD1. rhe (. )-mdionr rtqes $. prm of
polsnsalon orpldtupolnsd [gnt dock{is n]e (-).cMntioner produos aD
roticlockwis ioration. An cqdinohr rirtN or (+) nd (-)-emnrioEm is opriGlly
in{crivc and r all€d a rRnlc nixtorc or rmmrc

rheE !e thrc. tomr or 2-hydoxypropMoic acid (lrc'ic acid), cHrcH(oH)cozH
rh. nc.Dic mnNr k lound in sdr milk; !h. ( + ).dutiond is prc$oi in
mu$re. Tre ( - ) datrnomd doA not o.cft nxtorslly md hrs ro b. obtaind fron'

are rbe sam€ chemicd prcrdjs. Tl'e ph$ical
prcpdis or 

'hc 
(+) sd ( - )-cnd!io66s aro th. sm. rley d'n{ rrom rho$ or

lhe re.mtu b*ue n is x nixrurc, nd a purc compound.



I

I
r

..l+)'ddl-ltm Enanliom3 ftact in lh. sm ury in chemicsl readions witt achiral rea3.ns.
M edledaatuNs ds Enzyn6@cat y$s fouid in plant

ard minal& An dzrn. ud ib subtub (rb. $bshe wbjch rcquifts rl'c mzymc
ii ods ro rcrd) rtr rogdbd likc a kcy h a ldc* . Thc g@ncB of rlr $bsbare is
imponan! md .nzyn* cu dtring!
(a noDu) r..ds on ( + )'2-hydroiypropaoic acid (lactic acid) but not otr it

opnd i:onEis amoDg inot€fic .!'rpouds is nd i! t2413.6.

i

r. 1,) co8hd odkof dc rudoE$ d2.hydry.
p@p@dc add, crrc{oH)coI. @d dEv rhq
(6) r$d oa rhd h4p.fl *hd yo! subiiluc . hydrc$n

HINcts(cFncqs. cr.tfu a Ed.r oi d. @ddb

cgrbyq'mLisli.rdddaoflh.mjnoscid,3lycin.'
Do lou rhiik .h4 slycirc should b. oldcdt m'iwl

3'whdbq&,/@d,!ffwcouldFudlloErdc

lbmul, k) qH"o,. (r) c.H-o.

dFoDds. sEt rhc dmddcs lir D, h phy.td sd

G) ctri! ca cN (3) qs6B!?

oR o) c,s,o
(, c"HIHtH(NHr)coJr

tomnu,ciqlGnPduldIglaintrcfomsbul

addi.ionldbdM'hgBr'ogi*aco@udcwhich

(/) G,-tqo

r. (d) (D Exrlahahetkns*byr[ehcttu n&d&.
(it IE @m@md cHrcn(oH)colH 4kc 4 tu oelial

(r) cmFutre^,ndrborhhaEthe!1trnotdtar

L

p.



26
THE ALKANES

PETROLEUM OIL

rkanes is rhci usc * tueL1 
^ 

huge llerion or
bunion ordk$cs Thc crs h our .mkoi

sdqab*-al | lhdclucLs'cfr i r lh
s. Dadsns ofcrude oil ind nnur.t exs uMlty

rdsd| lhcvol |d 'Fi€m26rsho{s0oi j ig

26.1

N ruels. fudc oiL n tdionany dnlled Thc

h fEdi!'nis I mnn,rcofhydnmrbois
.sdue Isr l xbrc r rl



c, c6

-

i l

I *sir),. usd m
I ldi.$rersirs.

whs. n is jnjed

lbfrakei , iFhE
t /
i l
I nbd@d as ane

I misibhdr rhe o,l
ibNo

Pualji, \a\ solidiiies c.._c., potishi

_!-

solidi|e.

llt I pc n,Lu;reny



D6il6 b.idg tr$d A ftr.ls.3lLrhcs(
r'h.j de the lrundarion or lhe Pdro.

26.2 PHYSICALPROPERTIES

Sjn.c rhe eLed.dncla viries or crbo

L i u,.4,

ir mighbounns nole.ules na 7 rl. !tu1 vln ds wrds rores l\4 7 ,1t$ come in'o

,. e liquiir\. \hjLc rhose uh lrgFmoLccul{5
r.dLr* d! ndc sJ)hsi.Lh $!P. rm

lhseol lbci i$nigtr ' .d l jo i5mrnT
l] [ ! lcsnp|o(edxg] i inmolalnsl inFjgun]6]

Thedilctud.en bo ingluipdduFs bdven thcC,
\hilc lb! c, rnd c,o dkm6 dilrq bt.ily lj'c Ir

The rLquld rlkm* rrc ks\ dcn* than {d{ olfld( m Rd* The higru mcmbs

rD rj\!ous lqujds. rhe lis.osiiy iDo



^rkans 
ftonry sLjghr\ Jolubtcji {

norlldes. Dnsotu$n is rhd.fore ro

26.3 REACTIONS OF ALKANEsi

Thc m.n impoftdr ndion oa rhL a
hrmles pmduc6. cdbon riqide bd warr, ttr,D exorhftmj.;ed,oo

cH1(e) + 2o.(g): co.@ + 2x,o(L)j 
^re 

= se0ufol

crHL!e) + Lr lork) :3cqc) +eH?o(r) ;  I re= 5510kJmor,

h' ' ' \esi '01' lsyn| ' . '3muJ

pdroL ( r.und br coflp,ring ns pnro
r.2,4 

'im'hlLFrrmc 
r{rc or?5t hqloe

and xi,, 11+dmdhytrohnq rrc



Nnd'ha' rh.rhlLrLld. pqc,H,!,rEr.

Td rnrcd iL!d(ir) ordc Jron coarin
$r ltso beaddeJ wNc tlrd is.!n€L4 uro

i

h4eno'{i 'B'{!.t,i strIqmdcq,bs

c3 rcHrcH:cnr(g - cllrrst + cHlcH cH:(J + cHr:cH:(c) | Il](g)

]whehrNINn{rbgsrhn{i! jgh' '!h.' jn

(cH,r,cH + ctsiaH cHcH:cH, -



'^{anrhE .dretu rs rc d*iled rrom benzene one sou.cc ol
b arkn: kb a-,u:t bdzcnd is pdrolch. Ud

'  : '  
' .H"r '  "J r

'Ptu(dnhc 
^^ 

d Much work has goo. itrb rhc cnkriv
//c/ter lcralr' n sql. rbc pro.c

ns, a nme dsived ftof lbe Ldin for ri,/a
:- /*t& imrlyiq lhar lhjs cla* of .o,npounds hd Liiit€ tikins ror rhe usud .hcdical

A! high bmperalr$ rhry rcacr wirl' nnric acid vrpour A[ de redions of alkanes,

.onGinine hdu. sd r drop or liqu

de6 h,o4qrir 
'hGdrordals 

rf 
'hc 

srdion is *pd.d b snrid

Phdod'dJ.a|ly

h4ll|th)'thhnwhn
lJ cH. nE <-H.d,

.B:cl: .B.l' .c\

clllcj : clr(s) r csict(s). Hct(g)

(chboiiio), cHcrr. md rerx.htoro
/rtu{2 i^4/ solltdc. 3id tbe n



Mrch so& ha b*d done d th. $bj!d of bN rhb @cijor t'res plec vhon
6.1hmc i3 e sfficlive towtrds oths @946. Tn m6bmisn gopo$d ror $e
c ond.iio' oftube.i,kes inb @ lbc ronodng dp.'im'nt'l ot6ntlids

Exp.timht aieNtum r. R.aotion trk$ pl$. npidlv in smligni d 3tore 100'C bd od in lhr ddk d
n kr ErtiaL rcan tdp.rattc

ct'*Q z, rho*-a" or 
-or^b 

of chl(ltmdhdc 
'. 

ron.d ld .tch photod ol lighl

1 A lid. ahd. is f'm€d

{, lr i f@ or ttu.lnvn*4 PbacH:)4' is odded the E.dim vin lal(c placc in
tI. d,rt or at rod hDlcrm Tbis subsbne i knoM to disGiac i'to ndhvl
radicrlq cHr'
A mshhism whicb lib the& ob&3dio$ i3 as ft)llowc



I

25,3-A AHE MECHANISM O

Photo.t'enial hMohEk Honolysis of &. cl c1 bcdd. Ile ns*sry mflsy coma lrom rhe lish! a6:orbed
a/c4 oi rhc he. $ppried. u r asid ro spl in.o clbondrhsthcc H botrd.

(Bondm.rgyremsorcl cL2a2HroF'ic H,4r5kl ml i Iil0.q.)

TheE M lw pTthh Th. chlodn. dors rom.d @ very Eactive. Sbe ih.y ae smuod.d by ndbsc
rttbN a! d. wrh cE4 nolules, tbft ae so posibl. rcactionsl

Cl +CH1,CH:CI+ H.

Cl +CH4+HCI+ CHr

Th. sond po$ibility is morc likely
or. C Clbond (Bond enss/ hs ft

H-CL 431kJ mol-ri C CL350kJml r.)

Th. ncthyl ndicrls fomed oltde wi

.c4 + cH4 J cit + .cH3

.Cgr + C1: r  CB:Ci+.c l

kads ro a chain rc&don b@ause lhe chbnne rhs totucd rcact in stp 2

'ftosmds of mol.olls or rl oDneibme arc romcd lor Ray phoion or lich!
absorbcd. Tnc hish yi.ld is du.lo the.hain reerid - Stp! 2 and 3. The rcasn
*hy rhe yidd is not high.i n that radiqls cm conbine *irb .ach odft md bnns
lhe ch.in ro s edd. fte redids

Cl.+.CHr,CHrCl

I

To sbFdi*, !h. ftps in the chbnnadon of

chtktubtb ctz Pi 1c1.

chdrpalasanan ct. + CH1 
- 

He\ + .aH!
.cHr +clz i  cHicl+ O.

chdhE|hfui ln2c| ' .c |2

?.cH] 'c,H6



srp 3 di Bir $brh.chaid:

cH.C! + cl 'Hcl+ CH.cl
.cHrcl + cl' cH:cl: + cl'

cHrc! cm unddeo runhq chbniaiion b cHc\ rtrd ccl1.

lhe yicld ps phoion js les fd! bmm

Br + cH{ '  HBr+ CHl

is moE cidol])dmic ihan th?.onapdiding *a in chlodnxrion.

Iodinarion h slow md rdqsibl.:

Iodoalkanes .r be reduced ro alkans by HI

Fimiindioo is dangqotrJy cxorhm
Gtrdgy) ol tuonn. md the hish enlhalpy (ener!y) of c-F bonds

S ulphur dnhbndc d idida so:c12. i
or r soure ol ric. r&di.,ls Guch 6 b.nzoyl p€rcide) n lill chlonmt dklncs xr



THE CAR26.4

H
]L .t

mo'or vehnles. i 26.r I grv. x brd

s6* erprod lnd.oolii l.s thm r

ndideBnfmed'0d$mehydrmsbos



edrecn$bns /rheefgne \sc runDhs d {

l*elrl la.rhe buor! o nixr oro

ioo orc,d n,tj{{ r,luhd,r!I)q'd, on 
'h.

You !{D 5( rrl i ri.b DtruE i\rir

i |bdo|oIsalsdgl idpd|on[
lrrc fLdru B'jo sLlltror sol!3rb. o

r sPrk EDifm sns ur 4s cus rors vhed



ir is ompres.d, hish coDpr$ion r ios h.d rhe fueLrn nyrrc bcro- conbudioni
md rh.nrorc produce more Dirosen did.. Tne hiebd rnD.Erure Eprevb @Fre
elr ! im. ' 'g j \ incloi . t i rokle 'D'

e or 3.5 k rrvolEd ro rcdur rh. .ni.sidn or

The Gkrc Nnbd of a fuel ls* $ 16.r.lt .{n bd i@rc6cd by ih. sddiiion or
0r r00 0 rrd pe

aon 3 b r L Hish-odan. hydroarbons &c dp.trsiv.. blr TEL is ueap \aFur
0 lp ptr lift of pdrcl) rEL hss bcn an impons insslidL or pdot for 10
yerc. Dumg combuston, TEL reacb $trh orh{ ddnivs ro form vol4ritc lcrd
ompomds $bih 6apc 

'hbucb 
Ge qhaun pDe Lcrd dd n! compouds hrvc

hcn tcrd n iq6cd i' ody nodde quanriii4

$y dwdrcA r. bemg arsrd by rhe lead comint of rbc N xnd rhri ves.blnr is
b€ing .onhi'ded by lcd. cotr.tr
conpounds ha l€d to rhe brmiig ol
ronosd sui! fd fbh r990 r[ rs .'n have ben dsigtrd ro rutr oi hld-tre
petror rrry D 1e3e rhe auh dsided ro hlvc rLt thc v.hidN in 

'he 
royal houshotd



ibtr.$ {dr s'ar{tr .onysGr tre bdovl

in o\nt! ,, r DonoBN! gs t\.r \ 14 !r 3l Hydo4rhoa hJ, 
'hsi{rvs 

ese hrc

fhdolhsui E!di@r) Tl'{\. ro:

drmbq (r mdor or.on${d) qlr

r{o llps ofEidor OielrFn x I

(.d5 lrr.otuiclrysl$srr 5l hde,
.haii.arsnogt*.\r Llt 0d roidi*d b

or 
'he 

retunio( ,,.rlj,L roi! t\!! \ r r ul



1k) rprii rhy 6e.omeodim oiqreo lotro c
i nhasr ss ; (i) hrshq duitq c.
cnLnDs od (r, hiebo dud!3 idi4 rho h cdnr&
(r) teleh v6y s. in.{rirotr d b}dlqeboc h

(.J trpilr why s..oNorErbtr d q6 orid. ir

3 'c ic lhreedsd4*ojruqBcFo]! !dr l t

sru$Fm oiohds dnnrcs{^ $odd b! ded by {%

k) whr vu d! us Lfl b rcduc ft wisson d djd4

1r) sov sr rh s eoi,phhcd h us Ehhb!?

henosrobu rhe o4Fo isz lse {24 8.3 I

! ] rd| ! j r .4di4dhjhcPbls,

/i d [!!( 1nd (]n cr ouu!

5. ts!! cd hrdc 6e preFld eom k) p{uoor a!rd,
r!) soplnoc &Ld ud l.) 6rcnord{nc1

k)c.s," o) c,s.cr, r.)c.sr (a)qfflcLi

wMr !!ns ft tki 
'o 

thsc nePsr

(!) {hhu dnhqrde dhritr skr ihc rcod 
'ior 

uidq

n. r4) h coNid'ir th! !!!!oDjc! onh!,fii i i{ oiqud!
tsrdan (&r is Frdldnn). qphr vM' s mqN by rht



o) whi r. rE 44o ird{s {irri h[ENc Lhr doQ d

() rsrvo mqqDtuss*5sedi,h!,orirtft iud
lodDdrtunu!(Lr f irctroELdNtrLhfor( )sddn!
xd./! dc$ib! 6! pr&lrE orcNh pacs. I t 0DLD

14 sont d rhL !!,"o!ods 6u^d f .ndc Frdun
sibn{]!hsPdrc|rob'ihdh'rctNggudc

(() o(hc 6e oijor dMdsd46 d 
'h! 

lqu

1trBt,)

D. (,,r BdcfiydBne] rFa$$b]$hdn^tucd
hldrcons^5loiaijhAsb|5!0bl[o0s{.

(t \rh, in{r t! sc ({jdiorud@sboisr(irc!

i ' j |h j !oq.Brcd54i ihJimtrm!N*LqI
pI lLui ! |J!rce\ l

tir $e ful arudrls d dr trofu\ d B {d c

(i ir l ts 4utroo 6 ft qrEs oD orB 0,!..

quritri!d rtrrchrrL .1rrj ). r 'h(.,H,) d4r!

lhihd tro!, F, dan (qurc o0.

tLt$h,cnbduld{u1iorkscconptc $N'bn

r.) r.L sdr !r ritr fditr bdld idMm ud

rit wrirr iq-o 11'! iidlonLn fq rh r{idi strrQn

(ii) suesL,ur4I biloadiqrnLoi.foqhrdrEL

I ) susd Lo! i,r llhLrn n atr(rd bJ o^of ig
( ) s'!!1id*prxii\rils'hcaL! fs udrcsM$L



27
ATKENES AND ALKYNES

27.I  ALKENES

Alketrs re x homologous sfti* of at
c,,H,, rlpicarmmbss oflhe sc.i.

fh! Mn6 tl4k4!

27.2 SOURCE OF ALKENES

rdBty by rlE pfGs of.Rdiie t{ 16 r :l

' l j !Jdhyr| lddo.u,$horFjsf ic ' ' l

27.3 PHYSICAL PROPERTIES OF ALKENES

27.4 STRUCTURALISOMEFISM

l\ran tl ht t\thk hanl



lo erhqe Is* FistrE 27.2(Ol, lnc rou' hrdrcg{ do'ns su ric in rhc sm. prsc.
,bol ,  f  . -ch. .d nhb.hd q.h. 'equ. 'eneni .

ror thc romr'ioi of{ enng n bond Ilj 2 ?l ]iic(*ricrionorro'arioris'hLrcaron
ch ,s sho{n in Fisu.e 17.])(b) ad k). rhc

l$ner-y olthc mo1*u1* b difseo!. Th. hofd virtr boln cFr- groupr d rhc
sm. sidc or &. doubr. b.nd is cslcd rho .ifisomq, md .he isomd {irh the

(fd' Btmdq.ntrid i6
rr.i&Feqr.d'sd
rl.h.h@dc!drqF





27.5 REACTIVITY OF ALKENES

ar joined by a 
' 

bo'd and als by { 
' 

boid I$ 5 2.?1. Trro doud or.lfods
which loms lhc tr bond lls above a
bonds rom€d by eeh ofthe msrtoir

N b dhck by m cr<rophilic E4mr IFe
Fiqure 27.31 Tnis n {hy alkmq dc ao hu.h iort re&rivc rbb alkais

I

27.6 COMBUSTTON

All.nes burD ro fm crbon dioxidc sd *ab. Tlcy sho$ a cr.aer hdency dib
alkrn* to uidelgo inmopletc conb
Itr my .6c, rlkeoes a'e io( Dsd a tu.li The double bond na}* dd Mrive
compoun&. dd lhcy sc ft. ndin

27.7 ADDITIONREACTIONS

aldonsh slkd4 sn fdm $bnnution prcducb. qih chbnn. in lunllcht ror cbmplq
rh.y more lr€qcdly r,tc pd tn sddniotr readids.

Inthcprc*rccolad'rys'.hydrcg4ldd:rcrcsr

{o fod a $turded cmnoNd Plllrd
h tr$d iodunnany bm$s ir is les *pensive

R:c-cRts) + HrG) +r*ffi R:cH-cHRi



card}1ic hydrcgemrion, usidg iicket po{dtr, h s mpond ptuds in rhc fmd
indudry plad oits, such d sunnawd s.rd oil and pflnur o , re .pot an$ruftf:
dey ft cnss or .rboxyti. eids vhi

s such $ butrer AniDat G$ arc sr6 0r
Eyl.qaa|mah"fl:

ft or de dorbre bonds Emrhr ih. d.gre of
t& &it?/zr $nres cm be mnron.d by r4ldins rhe mdd or hydmscndidD

rertiary alkans {ilt rom rdducs 
'hatkcnct!26.3rl

orjonne 96 will read {nh dn.ne ar rcon rnp.ilruq dho( sblysis by [shr

H,c:cH?(s) + ctr(g) J ctcHrcH:c(r)

in. Nill stso add rrcs rh. doubL bq
i,r''t ihrough bromin. in 3 solved, such 6 ktu.hlorondhmc, lhe bromine.otour

drapp.rs as bloninc dds &rcs lnc double bodl
) Ea tat a ntnipk band cu,:cH1c) + Br:(ccl4) _ BrcB:cHrBr(ccl,)

" .wh,ii,i ftc dEolo;srion ol b.omin. sotu$on5 wirhour rhc .vdtdi(,n ot hydrose, brodidc
. {r r0ning, punsmr 96) n a b$ for I m

y a&eoes ro give r d r'edr prcdudj a hronorkobol:

€H_cH:(9 + Br,(4) + H?oOr BrcHzcH.OH(aq) + HBdaq)

hrdrocd bronjdc 8l& 1o erh.nej b

,,,i/l Nhen hydng.i h,lids xdd

cHrcH:cH:(g) I HBIG) 
- CHrcHcHrlt)

o/cHrcHlcHiBr(D



".! i",
H(g) 

- 
cHr c-c H(l)

ln I&!, rhc prcdrd G almo* dit ly 2'broroDropue. ftc Rusim chemN,
Mekowikov. fodultud a rule for p
fomed Mr*oniko}'s Ruh can bo sktd in 6n fm: ]t3!$ql 9|319U!!!!4!
HX ro -n undr-'ied
.J Fn 4r l  s\  \ . r fu Je |a 'ga omof l  o|0{ 'oge 'on]
ofhydnsd iodide b ln.lnylhutl{

virh hydnsen rdding 1o lhc cdhotr non $hi.h alrerdy hd dic hydmcd alon
bondcd io il. rhc i! in rd $e mjo
2 iodcr-norhylburs. 3r3o bdng romed:

(ft. yicld ol BICH:CH,oH h roo grcd b bc spkined by hydrctsi: ol

At fiN sisbi ir nisht $cd 
'nd 

$e r
bnnine molc.dc appsachs rhe alke& from the nght diErion:

H.I{ f
C\ Br scBr

C.\-& l{ c-tr

A nmbd or*orkss h eromdd
rdion Only tr. of these Pieces o

(r) Erhm. reacb {i'h bronii. in a sorv.trlsu.b 6 tt!.hloionahme b give
d, ir gives a mixlu'c or 2.6onodhfol,

I,2.diblomdhaoeand hydiogen brcmidc:

cHz-cH' + Br: i!c. BrcH:CH)Br
\-B (H.cH.oH B(H,cH,B'  HBr

Erh.ne dd bnnide *dtr cotrrdnilg $dirm chlorid. siw tk@ prodEs.
2-bronodh mol, l-bFno'2{h locthane an d L2.dibronoetlme l

cH,:cH, + Br: + H:o + Nacl' HocH$AzBt lnajat rto'ttn
+ clcH,cHrBr n,,/bf ,no,r4
+ BfH:cH?Br (a !E.r)



!!
s

nd ii (b) nerrs v,hc

I posnivdl chrryed sp<ns whnh *[ r.&r qirh ch]onde

r/

l, Erh.n. has boln L bond bd a 
' 

bond bd**r lne rso caboi aroms Bromn€
is an detophil.. whcr a brcmin. mol..uL. rppro.chB m erh.i. motRut!.. th{ tr
ddion croud i,ten c wnn rhe approaching bo'niic molcldlc. causi,s r pohftsrioo

\ rn
t:Fi'i i,;

r. }c n d@rds bdne EadMny noic itrrh{d ro rhe ,+ Br aron, md 1bc
ek.rons or lne nFBr b.dd bso e Erdurlly uort polsis.d !{itdrc asocidion

d inr, r Dornivs lon, crtted a 6b,,,r' b,j

The po ive.hdg. n $ablisd by delocrlsarion Tnc rcedivc chssc rqids on
Ad rado^ nabitiNc ihc rxnsirion nate rhd

pftds rhe brononinf ioi in&mednr 0 11 e.?.

rrr prodod. r.2dibrof erh0e:

\ /

4. rn ro.dDn (b). , c , uh B!Gq) + NrcL(rq), 
'h€ 

cdjon rcads in rhR M$:

trl

_d 
cH.cH.B. !.q- HocH.cH,B. + H.o'

H t:l

t i l



l

'i
trl

cofllmtion ordis n4hsnm

bur 2{ne, (cHJ:c:c(cHt,,
The rcNon i thar r.$yl grouPs

Hl

i! *cD ir lhc crd of alkyl groups or rhc mt

rtac6 14.in* lanq rhD dh.ic do$.
d clcdron-ELasrs t$ I 2.7. ?l Tney tnd to

A culy src{ reprsd$ lne novmenr or 3 pan of dehns ftom rh. rail of dre
sro* ro irs lip. Thc addilion ol d cl
ol a clriod sbich cd a.c.t1 dshtrs lrom r orcloph e $ch $ Br , cl ,

\i1'n

The noa shblc x ctrbdtioo is, rhc lows s rhc orc8y or dt Innsiiion shre .har
pR&da it S 14 e.21, asuming rb"r rhe
inrm€di1b. Th. ra& or romdion or
ndbyl grcups. Propmoic acid, cHr:cHco:H, idds boninc slowly Th. rcason
is $d th. csboxyl Eoup, by *ithdGwiig cl-tods, d*tr$s ihe {abJity orrhc

cH.:ur{ -x: cHr-cHi + x-

Thi. i. th. dos $ep i! rtu trction.

  frcchanisn sinilar to rhal rtr th. ad

orhldrcgetrhalilqH X is pcmaenrly poldred as H X

an:cH. + x , xcH,cH,

(r) Tts te of sd,lition ilcmss jd rh. ordcr

HF < HCI < HE!< I{I

To ,mms h.sadrono hJ"B

cH,=ar{,- xli, iH.+H. * x , x-cHlcH: x



Fl rhn is d'e ordn or iDcrcrsing {id qmEhs, i e., rhe oid{ or rc.dhBs ro

4onEd b|  
'h.amubl tk4 

$)

cHrcH:cH2 + HCL r cnjcHc cHr(lir,t ) | cHrcH.cHrc(t 0% )
c'bocarions arc produftd during 1l
csr cH:cH:+Hcr:cHr alr  cHr+(r  I1 l
cH. cH:cH: + Hcr- cHr cH: as, + ct ttl

s ti t2.?.r1. rbey ind ro dclEas flE charee

r.  . iHr . r r  I .

cHr+cHl+aH, {r l
Thc n'orc nrbk rbc.db.cdroi, rhc

crbedjon I I I n rho do,c 1rr. sarr, md
rrc'io. trlerLdooind$

mk atdttditia 
cs.:ctsr< Rclr-cH: < R:c=cH,

(*herRn ,lkrtsoup)
mlioilhsry!n.clltalkylgdF

R.acr,.> R6Hcrr, > nH.cH,
e odc. (a di5a5!d Ln (b) rboE)

,,ttih" al@r E:so.
!/r./tr r/i. hlrjde Markouikov! Ru

/4r'sfl{r&rar. surJ)bu . ki,i d

cH::cH:(c) 
' 

H,soi(L) 1' x:c cH.{rl

Lr'tt d r{, T|r erodd. dhyt trydram$lptklc. yb idded b wdq lnir rrmcl jr hydnr\sd
h'lre|s!|]bjl 'cfuara|bdhna\:

cx, -crr. + H.solr c'H'so'H ::i c,r"or' + H:so.

o|alo,nlr|nhilglhNNdtcdd}1ic

cHr cHr(s) + Hroig) ,,',r=:+ crH5oHG)



ruM MANGANATE(VII)

Porasrum mangmxr(Vll) in slkline soluiior n r veit oiidisi* asdt. whd
dhene h bubbl€d inro al[a]ift porssium nrgbat(vll) solurion, the puele

A diol is ! tmpoud co.taining Mo hydroxyl cioups K 30 Lrl. a brcM $speaion
of ndcdese(Iv) ddq MnO:, appers Th. d*4p.dmce of the purpL cotou ot
icHold. diluc lrkeline manganaE(vlD lolulion i. ! tn ror r csbon-crboo mlliipl.
boid * rcv oqmic @oPoudds d.

ozon., or doiygcn. or, sdds &ross ihe double bond b lom d oanid.. sin.e
rhe ozonide tomed n u dplddvc .ompound. n h prp,J$d bdou 20'c in r

):'1 ." -*-
oi hydrclysis, ii sp|ns up jnto r*o cdon)l mmpunds ts*
hydrqm p.mxidq shich nry ond'

.dsronbincdhydrclysingmdftducjq
aFt, the rosibiLty otoriddior j. ivoided. Tlre clbonyl conpouids rom.d in
the hydmlysis ofrbe ozonidE ce be i
i.e.. ih. fomatioi or m ozmide folowd by ib hydrolysb uds miLdly GdEins
co nimi is rhai it can be dsd to ldcat rhc ndlnidD or rhc doublc bcnd ii r
,rk.ie. Ir ihe o?onolysh or h*me si

eivesd'e 'onulaof lh.onginhdcd.:

H Ctsl5',
cHr-c:C CH:CH!

io ntrd ih. numbd ordoublc bonds in r compoud.



RfHcHl

i " - '

I

___E------*_r*",

RfH-fH:

dd.!dd}&drfu6md
te6qFed&il#d



EnnFb Hor lluy double hdds
thd 0.032s ol!h. ooDpo$d lbslb.

e. pro$dt h . mol.cul. ofqHr, gih
43 d of om.c ar roon 6pdrtu.?

G$ molu volno. = 24 dn3 a! dp
MoLs or ozor. - 43/24000 - 2.0 x ro-rmol
Mol$ of hydrcaton = 0,03rl32 - 1.0 x l0 3mol

2 nol.s of obn. @! virh l ml. of hJ<tseboni qHF bun comain 2 double

is drlEniiu. Mby noled6 of 
'emrrdd r.€e1ld ro flm oE laae ndmL oflorrn4. The polynq nly b*c rboteulr

ni$ of *qrl lhoueld. L lh. @c of dtm.

IcHFcHrG) 
- 

/cHr cH:f"\s'

'n'cpdF fm.d i: D@qt?o/r(raL,a), ofi.o.€n.d,rt t n ror $o€.

The rtr* pory'Gidim oreLrde Ms mdpti.bed in lo.lJ b lhe uc ot v.rr bEh
pG.4 /1040&) ud d}!tu a\ lbr cdr,lyd. A fF. ridicrl Eehejtu opft6
R6trch ba dd.lop.d rb. u& of po*q,\rl ca!ory$!, *hich eoable thc rddnim b
6I(c placc .r Mosphdic plr$ir T}. polylrhm fom.d ud.r high pssw is a
ls d.ciry, tudy i iablc Errd,r. *hft ih. po\rm rom.d d tov pu6e. h
df a hth{ <leNiry d<l tu bulhE Polreth@ is a !ir.dc: it M be hold.d esily
inlo a nDlitud. or sh6!6. Som. lolyrl*mes e. lisbd in T,bL 27.l. Pldrica e

\ r,,1"



r

L

x A .mpdmd c.I{j2, 
'nr 

dz@dFn, sjv6 rwo ebd(r,
@coNtudr ! prcpod., (cHJro Mrh d.[c robwhs

ld
{"

f",
\1"*J"
t"-:lI



(r) (cHr)rc:cHr + Brr + NaoE 
-

(.) lctsr):c-or: + erso! l

(/) chbnE in d!tuhrmndf.

k) (ctrr)rc:cHr + Brl+ Hp + HNo! -
(r) GrcH-cH: + EiPOI 

-
{.) G.cH$H:c4+ 

- 
G,cs?GoscH.oH

(/) (cE rcucH:cHcs. + - (cHJ:cqcqo

1M.dl4rei!hubbhd'hfuwn.dofu!*rtI

cHrcH:clc| cH,cB-cHqF., crcs-csE! @d

sja h C,Hb - :. Th.y ee nmed by
srk rr b .Dd in -yg. Sone nmbs. d.:

27.A ALKYNES

Arqnd @ oirphltic bydrccebotu wiln
Thc s6dsi fomula ofrhi! hmolosous
chmging lhe nd. ofrh. ordponditrg

cHj-CH:CIt c=cH Pcnl2d 4 yn.

'rh. nodcl or .thyne in FiglE 27.5 shNs tnd &. tur dads lie i' a dnighr lin.



27.9 SOUBCE OF ETHYNE

ru .Mh6lior at Erhync <tarcly can.d aerls.) is r valu.bl. compound. rr bun. in oiygm i s

cH=cH(s) +2jO:(9,2cO:G) + Hlooi 
^r€ 

= sooumd r

o+erlr,? dch.r d. !rcd for cuniry bd w.rdjDc n4rls. EthFc js allo klued
b*au& ns un:atuated ndue mkd ir a sdins-poiot ftr rh. nouf&@ of,
wi.ty of orgmic dmpounds I! n, houffi, b.ing !!D!G€ded by dn.bc a3 a
sdbrp.inl in o4bic syn!h*6 a .rhde js a cheaDd stdjnp-tuqd.

EfJbr n nulf"cried rduuiaLy frm orut su Tnl pd,l comwllon rL
bisb rdrnrur or m.'n* k* Pise )? bl Ln. noD .dpotrror oi !,njrl ss,

,cH,Gr+ rlo:(sr- crH!4 r rHroo)

wolt *iih dby.. i: difrut1 6 it
calton od hldrogm. Ii is noRn

b& b udeao b dploliv. 
'tdid 

r. rotu
itr slurid in pspmo.. undd preNrc.

27., I0 }REACTIONS OF ALKYNES

rt.unsddaed6rbm aromsid.h-c=c bondft joh.dbyLbond
,nd two r bonds D r.2.4. Th. tk tr bonds lie in Dururlty p.rFndioulai ptan6.
'II. *pos.d posiiior of rhe r delron clouds n*.s md @*s])le b alrrck b!
el@tuphilic Egmb lse Figu. 27.61_ Albne! kd *ith .ldophilic ll@b
such rs hydFs.Ilj halog.nr bd hrntur h'iid6, @ fm addds. Ine @lions
e sidira b rhoe of,rk.i$ (s Fise 27.?).

"j:
. , f f i .-z-i tul
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- - '

- . -



! i
I

/ / - \ \  5
\ \ - / /  i

- ; a

a
!

E

-3

c
:b{ :gi: i
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,. sur! ro\ dhyr!.!n b. nide non k) nnsd !r !d

r. whr i 6c Eljor prudw1 bdrd rh{ prcprrc rcldl
\6 k) hldrusL^ didd! ![h ] n{fl,o-ur) or& ahrri.
ojhrdoco lhbod. i iuarbh rrhr (.)dh!^orrd

27,11 PHOTOCHEMICAL SMOG

tr e!u'j romi trodi 
'Ii/, 

or'hebkr,b'(

j\ seldtuLogii.ts*tr6.4l IrcinudFn

I orild,r (djdni"g rsrn6 prcdurtd b' phoro

sdlracd hydrcc{hdis Lirhein lrt
t or 1b! itrtml.dnie oldlrjoi produds r.

erclldiLdn t /PAN)

I
t



I

uoi! lsers sf t*. $ n t sDlrin

s d{r*d i. i x I

rt rvu, hid d geognlfiaL ha'bi5 & prce 
'o

rr lrp !h rhl $4 .oidrbr ru ncdb! r @) lDd o)

r. e u1 tr 
'hc 

oiLjtr odEr d sr r6dh. eMo

r. whd i foflicd ,i4 ooFre EeR eih (4) brumf!

o)!Di{Ns,hcneM irotftf nF €&tro,r,



lGcndrda$\.du'A}odn].{  ooi i t iF{ iu()

?. c) ( ) D$qib! Lhc nnw. d 6. hoid4 n lnrtr

1L') srde se no! @nn!^ 
']D! 

d rldFn u^d{gou )r

(,) saklh!ryp6d6oos$ Nh lini 'sinpr!

rr) rh! ndl drdF !hi^s rnr 
'h. 

hrdrcndfl d

( , r i ( r r  r r :1g)-c,H!tc)

(i)1h!Ddrdur nush! drhc tryo ho 15 or r3!p1h!

3 k)  Losorhd r  dE.c,H!.q{q 'G! 'd l rhuqcc\d



q @ o er i de cenic, BruE orc'ud. oill
(i) wly d ii dad o i rci rud,
(d) er !c 6e od<roh {osil fEls,!
(i, ky Lld d de h6 fit.ls suibbh fof ddBric
h4rii8,Dd jd drcd d [qd ptutu s for mbr

(r) P@e* s nucb mc ustu 
'i)uc 

drw oor{urar
nBo@ic.l'diPk&6d@paft'wlylhofi6E1
(.) whlr ir uE iidutid sNc orpldp.cl
(d) utrdd{hd@idniomNp@hc@oddib
pdr{p4*t and phlr h 

'lf 
shdm o.eorytrcro?

G) Pdry(prcpm) 6n b. rud. i o fibd, {hi.h isr<

iefumd6d.idI'fuD[ur.fuofdolhi4'
sued{idll*tr'ddna&ptPdiara'

(os1, s)

r0. (.) 
^ 

g:gus, uNtuetn h}dreEbm x ms.omd b

(rJ crn rbr 
'tu 

Eridw norE!&r ro ofrt'.
n nlttbi L 54 rhdv rbr ib nokrdlr fmula is aH..
(.) 5 4s orx w idtrd td ftd frrh 

' 
g orB!, cd.!r'b

(/) (i) AquDs !n. uNrdid .iH oiry rbn dbh
bddr d.du rrcn (.) rbe,mrq of dotrc bd. p@i'

@ wtu e 4@'iod ror de Hijon wirb 3rr.
(d er wodd yr s *h.n x u& wnb bbbid
G) Dnw & sdu, ronul:s of M FosibL ibtu6

(oer,as)
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28
BENZENE AND OTHER

ARENES
24.1 BENZENE

cHr c aH cH c cH.

[. h*dncncrrudrq wncn rn fulLin (a) md

{rddur dyed rh. pmbhn' l*e auenLoie,cblirFhr 2|^t

I



rei3ih, 0 renn Thf i3lnbm.dilrc

oo 0€o()

a;
& 6l

Y

I
a,=\'j
\l\

.3rkd qrtl groups somc d.nvrive! ot benzetre de:

Bfl 'ssu|phmi.PhenoL

()
...-'-,

ri-ir
!'--,

Isoftrs RirI r{o s$in&ft in rh.1,2, r.l-. ad r+po$rjons ae often.dcd

28.2 SOME MORE NAMES
COMPOUNDS

l



rrmes {hich & nili itr sidcspreid u
d*ivxrivcs conhii i.s rvo o! mor rtrhdu.n t soups ; doDc 6y siyi.s rhc ssup

nng O'hd goups ec numb€Ed by
givs them rhe bw6' lkaib (iumbdt son. *mrLcs d. srhi bdow:

ltc -colH Eoup n higho up rhe lisr

The CHo snup. bebg hishd up tbe

Th. irn{ /t a6jdob$,,rdch}dc cdurd

:cl





i

24.3 PHYSICAL PROPERTIES OF BENZENE

rdissolvs DdJ rb$ails aodn lrtubrcin

n'ide aid Rlrcr. lid rh* plnictes make rh.
h t*lc, inhaLarion ovd a pcriod or rioc hdr

ro r cni! ldd lctrk nir O.hsar

24.4 SOURCES OF BENZENE

28.5 REACTIVITY OF BENZENE

q'nhadoudoldde] inLLetonsly ing
shNcodbcro{lhe.inetFieuersrt thecrcronsorbeftneNurLr}inhrvolhc

28.6 ADDITION FEACTIONS OT BENZENE



- l
,i .icj"( I,

"-.{-i--t
".a. 

-\

i*,,1..
l,l,r,l.l.6.H.xehlorocyclohexane

___LldFl+c + co +H"o

\

la-) l
\:2



24.7 SUBSTITUTIONREAC:TIONS

H sron by r NO:8rcup is caled Dirr ior To ob6jd
nnobmzcic. c!HrNo.. 6o?.de is reftuxed d r vrEr bdh ri 60 .c viih r ,nihiidg

diougtr conc.nfarcd niric rid wir no{N dhic
b€rzeoe, a rirrule ot concenrded mic fd rrphunc rcids n much norc efetive:

l r r  + HNo,L j f f i ,

Nitobenzeoeisap:leydlo*liqoidwhjchmbesepd edftof bci4ncbydkrirrriion

benzene ;ng fte -No: soup cs bc ledu.cd ro NHz' ro rom phenytmitre,

d funng iird. r.id k tr$d. I,r.dinrobenze'e

d '.""', '-".*,- dl'".',



ivhs ne'hyrbr-ne tolu.ic), c6Hrcx.. is nnrared, 2J,6.tnnnroncuN$7e0e
(2.46irinnroblucnc) js ioned.

neInioDFrrcidrhaDtuf i .s. ,canrosom.

l r -SO, + rJNo = Hso. +

Nnixdon oa iromric .o,iPou.ds h i

ch.nnb yqe urrisod by ihe puz

sEh vork hrs goie i,.o rbc una!.r|in! or
rx mynery, ,id onjy a slimp\L ot rhjs dcnjis trm or !ud, qn be givd here

Ad&ry{(he'hrceslessj ts



rhc $h nitryr cbrorare(vll), Nor crol , has b€n prcrisnd {in sho$ h n raG
bei4nc. The nitql catioo nun be a nhrin! rgmr.

Oic rotr.d, rhc iitrylcdion rlR
or.hobenzn. ng Fe Figu€ 23 2, { 23 t.

IX. NO:' clrion adds ro rhe ri's ro forn I shodiv€d inEm.diac, itr which horh
.rving H dom *c boidcd b rhc rins. Ttre

.h,4. .oidbuid by rh. NO:. ion n disributed oEr 6e nns. The htem.diar

proron k inm€di&Ly picked up by a hydrosmstrlphd. ion:

o]-'"",.*6^l
cminedbylhes|owsin€pIllrc*qu6c.

This is (he mb ar which rhe c No, b.nd is formd ii rhc i qncdirE.

d

.^.'

!Lr_J(r) 
+ H.sonD

'rheinp.dsceof$nrt&ioniiharrhc sorH srcup csn be reptx.od by hydrclysis
b gi!. m oH grcup. Bs,ctr*'llphdiic scid is .onyen€d ioio phcnot. c6H5oH
This b d. casicn way ofprcpMns phedot in ihe tabordory. sulphonaion is ztso
impond in ln. nmuftdur ordders.or. Ii ir bbausc dddsents codaid

sOrH groups th.t they lnhd .v ii b d warr, rs rhc.,tcjuo and m4snsjum
s,rb of surphonic Rids ,c ,oLubLc

dd. c.H5so3H, k oblriicd by E uxiog hcn4ne Nirtr corc.nrdcd sdrnunc rcid



n.ud. BFoodhoc !lhvlb@.

,llktardn u.d o The Hcrid laLs Dla.e unds the idrRnc. of a dtalvn such as uminim chldide
.,r4tr + nx or isn(Ill) brcmid? M@ inm on. db4 sroup dtB lhe nng 6 rh' dkvlbctrzeoe

lom.d is moE Edivc 0h bmd.. Th. af@tivd*s ofde.,tdvns vas discovs.(t
by c Fn.nd sd J M crins, md Imtions ol thh t)Pc @ ca!.d Fnldi-Grrb
r.tcliG nre nehanism is disflsen in ! 23 7 7.

tlk?hs aE atkldtks Alkylriion cm also b€.ile&d bry rh. tr$ oru alkd' ed a Fri€nd-Cmns cair\st
L4.$o qrh s scid qcb $ HclorH.?o

@ 
rrr* cr=*r,er +*g' (r)

/-a\
(u_]" '-c.H.r.r 'r* ' (l) 

-,,8,G) - 
F"'l*;',,",

uyn b tuk2 atrer. Thkisth.isthodwdindu$na vrobrkcdhvlbda.Theprodudis
ad c!'?,' dehydrocemtd ro give Phdvlcsme (nlrm.), tFm which polistyJaE is nado tse

Tlble 27. l, ! 27.7.l0l Anothu Fri.del-Cans fldion u*d in indusL-v B the mdmn
bdtrgb€izft aodro*n.ronlkccm.nerdrhdephenolI$30II ll

Dindhyl lulphft, (CHrotso,, is a popula mseo. for lne intududid of methvl

Eoups li is toii., dd mui be u.d ii r fme cupboiJd md p'med inn
buchiog the skin

t 1ff ol * <"n,or,so,cl - t
\--)

Diddhyl Mdhylb.n4n.

Acylaton, rhe inbddion or s acyl smuD

is eorhd Fdedel-CFns rolcriod:

() Lr,+ cH,coa,r) i,.i-
\--l



An eid chbnd. or acid hhydndq in lne p6ene of, Fricdet-cntu carsly*,
willloylat b.nz6. rd i6 ddivotiEs t:e F,guc 23.51. Only on. loyt croup d&6

n l6s mcriv. rhd bcoz.ne. Tris sivd ,cytrion
o .dvdt|€e o{r.lkylrtioq *lich yicld! polya&lt ddivarivcs. a nelhod ofpEpriog
pm dn9bmza. n to ifuodlcc .n grcup cOCHr hy &yldio bd rh6 r.db

o-.",-"*dL6'"'
Giv.s $ne poly.rny'bozmr b dd idn.

23.7.' 'HAfOGENATION

Thc.ddibotr oI6a o€s 'o m b.ffi. nglS)3.61hre.paeud-condaon!
*hiLf f'voq rh. folmdd! or rr Bdien i... "Dir'isti or h*h hFsrG. Th.
fitsr rbp 

'r 
rhe ad.4r or ! ihe b(rmly!. of rtn nito@ ndnle. *

A dilEEd q'p. of dcridn ta*er plac. !r rcon hpdrtoe ii the Dc&oe or a
Fncdel-G:fts cd:lFt subsijtulid rh.! mr.. In ftcogonion of tn. hy in which
th.y .e th. palh of hrlogds inb rh. bazfl. nns rh. Fric{rt-cr,ft c.ritFb ft
rcl.ft.n b 4 hrottunid. arMinium ud nd et $ sr,]r!b t!€N. dndng



hcn!hl{,nd$ or bffids. {hi.h sr as

o .",-,,*.
.l-'l

or?dionofFridc|-cmis.reLy$s

E) ." --;+-.

ru.cfo. a Luvis Kd5 ti t2 r rl sine
Aluminnnncr ori...xD !!!epr r Pan

l "
c|  , \ |  c | ]c l  -  c l  A|  c

c, tcL l

explrin rhc cMrllh cfld or rhrse hilids.

{r.HjBf I Atnr. : CrH5 - AtBf.



(ql.

Rcadn{ ir'dn.dixt &hnb.iz..c

?t. n4*us,,/ Agin, thc Fi.dd cmnsmkLFlebasataLlrid h thc rcktion Firh $ ac)l

Rkba + Rficl l',n ( RcocL + 
^Lct. 

= Rbo AlcL,

D."-'..

drmorrrt ringl\( I'igor r3 r.ix r1. As 
'he ' 

dedrn doi ;ruadt vtrh dc

c c bondjn rLkeds lS2? ? 5l Ecn?
e$s kid i..s, reBn) pftsft rhis raept a

patr olddtoN ftom rhc t- Br do

t



Th. brnonium ion rapidry los.s aporotr b ron bromob.nz.nci wirh uq @ftuon

8.4.\ F.B.. H- -Br i
--J >< -j.gJ :(ur""* '(o) * *'

Iodinatioi ofb.nza. does nor o.cur, but sme b.nzcn. d6jvariv6, corrdnins
mrivaring sublnudh, ft iodinaed.

Rcox + Alxr + Rao Ax!

P.X+AiXr+R'AtX,

HRI

(11 n ^x.- '- j:l 
^,,,. " t\ Hr {x

v t:, \?

o.- o
r, :Er



(,) r nob or b.@d. ra* vi$ I mor$ or chtsii. :i
,hc EB.m. or okuobr rish!, firh@r dc ron.io of

(r) | ndc of bcd{c rc!* pirh r moL of cr'bnie in
rh. pr6d& oi itu(rtr) chbnd. lirh rhe fom'rion of

, / \

vtub uc invorved io G) de db,io or b6kq (r) tu
dkyhrbtr or bszn., lnd G) s! 4rhdo or beu.tr .

ii^i!'[i z5A: ;EtrzErE

I I
\ - /

Rd( b 6c b@' lBn.han rms orslohm. tFF

HNnmyi$nd!E$dEofha$t|oN.yddh.sd

I



rrcdNr k) qHix. o).;Brx', G) c.Hrxrl nov nlij

28.8 METHYLBENZENE
PROPERTIES

(TOLUENE): PHYSICAL

/.

Mdhylbmz&trblumqc.H5cH..
rc5obh,|]cDme'Ilspbysic]lprcpenns
c sini|I: d]e boiling tnpfdfe n
high{(111'c) md rhe mdttrg rcmpedurc

24.9 INDUSTRIAL SOURCE AND USES

Lrkc b.D.m. mdhyrb.Mmr n obhimd fton perotdn oit and riom od * Is*

Mdhylbeizd. iss.dsrslve[ ] ,$
(rNr), ard rs s ddriv. ro p.rol,

2A.10 REACTIONS OF THE RING

d inlolving th€ .iondic nng in subiiution

*hich subnitt in th. b.i-De ntrg. Ths is b€ds the mdhyl srcup pushs deuoN
itu 

'bcinc{ir3.rr.lt. 
Mirdd ondi'i.nr 4c oproyd thh in rh{ radios or

c hk tu di n I b I M tn t ti d :.1, I B4 e ;l

rrDro,4/ia,: romi4 H:so, (codainins sor) 0 .c

,/*!arrn Rcr, ArcL. a' 20 .c

I'ka,: Rcoclor (Rco!o, 
^1c1., 

wd'



lMdhyl,ni'rcb€o4re mdlM!11!l.lntob.dme

r,4+ubniided mdhylberzci.r is obGjtr.d id $ch crs.,c.g

& i'"
t=i
\/

or or 6cnzem Is& Fig!rc 23 6l

24,11 REACTIONS OF THE SIDE CHATN

wrd chldie n bubbkd thrcugh boiting mdhylbeizoe in *rcls sunlisbr dr utrlioter
rthi, subnidion e.us h ih. side chdn:

dt'o'=5'-d
(Dichtorondhyt)betrz.dc

(Chlorcmdhyl)bdzene Gnchbrc dhyDbd,oc

Brom'mro' o.ces ndds rhe sme c
f fre ndicnls, md rlr udton prce,ns in a
ai6l{r6.r.q Nor rhe diffehs FRen rft

pfldu4 ot free rad,cl h,los!fuiion in th. sidc crrain od hatoFmrion ii rlr nEFnce
of I hdose! QEjtr, Nh€n rhc hJoc.
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d

rhc po*qftrr orrdisiig asci6 *id id pob$iun mogmft(vrr) Md @idin.d
porasium dEhrcmar(vr) wjl oridn. $c side chain, cHr. io rh. cuboxylic acid
siup, co?H. Th€ Eerion miilorc nur bc rlrurd ror !d.ol houn. A mirdq
didisi.s r8Ei, nmsams(r'9 oxide, Mno:. or chonium djchlonde dionde,
Clozor,oridhs CH: b Lnc rldchyde soup, cHo:

r. Exrkli lhy dkdli. poa$iun nmsii!6(vrl) {b.rs

ctrEcrcor I 233. MT1HVLsENZENE

lL) bc@iqe ud (iD Edhybr@4 id

rd .hrodh4hs. dd lntrrn .hbnd.
1r) dhlDyrchrqrd! ed irc,(xr) chLo d.

(6) d 
'hr 

hbqdory. $rrti4 fton

2a.72 ' fHE EFFECT OF SUBSTITUENT GROUPS ON
FUFTHER SUBSTITUTION IN THE BENZENE
RING

htrl\attur i[a d btrt rc chdrdcgriive etendr x rh. et-roi ddud
gi t \  nr , ,  ar inaudle r lb.dcnsqarrhcIddof lhc6onddrmdlncc€.Th.bondispot$is.d.

4i?d n'is poldsjrg eltd orx h Irx is mor dlcdroncs*ive
ihm cffbon (e.g., F, cl. B4, x is said to barc r nqarjvc jndudlve ( -r) en{r

d arc sdd ro hxvc a posntve inducnve ( +r)
elre' ti rr.7 7j:

i
O-m-Op1(. ' r " l ' | i

r chLord.Edtb{&ie sd khto'omc.hyr)b.d6.. EN

i. Ho{ do k) .hronE ad (6) nnnc eid rcad srh bsri.



N

h a nuxipreboid. rhe rdNrotrs shin
bondd aroms to r.{bdnyt group. rh.

d
lnftd li addiiion 10 ils r dJd, slrhdrNing

3,

aNO,') fior. of rhc brdDsen ddms r llc boloc nng n lepLaed q r loNuor
Eoup. rhc conP.und roD.d wil dr

nog l i\ s d ro'cd elhenu. A $bjito.nl lih a I cncd. such as No,.

'l.T/__\'l(Y_,



!1

d

d; -f'"T/-)t

Pr.nr.: K:d|rFn ron:d.r. (rs@ig7ll

l€Ere is the ch.deturic pd of aI romrio cmpdndr rdnriltns ib:tuctrE
w d$Ffom ! n01l!r of som i@tu. Trc ceftd 

'hmisr 
Kclul hld

doubl. boni,s, B.oaq hdng a fiquid, v6 Dol suilabh fd oysllogiphic tu*.
Pof.&r Ingold orlrndd Uoiqlily lrpdrd lm. crysids orbdm.dylb.Etre
and snr rhd b rh. flttrallosapleiu in thc itniEsit ofr-eeds for anaiysis. Th.
sihtirt{ho{sdhstedsithrhejob*6rr lymiri.dyoungwonaneU.d
krnk.n LoDd,ia To .v.ryoie\ sureri€ h* nartrcudc.i a'lrysis ofbd x {y
dilhedon ldhs $olrd rhar the b.ffi. molecuL *a plamr.

Katbk€n b@ . pbfeM h UniwBig colLs., Lodon. In eoenirion ofns

h. fi6r so vmn @ bE .rerd F.Uo{ ofihc

Karblensalylife*$hrd.Kdnl! YffdLy u6 th. y!uns6. olh childM in a

uniudtyir London- w'ire w.rkiD! ror hd PhD, Kathleetr nmied a' .lgrffiins
ludcd elled Txora l-on.dai. Th(tl6 Dffi ftir.d ro suppod bjr wjfc id hd work,
mgnisiDg th. prcbr.ms which sh. hrd io .ope witb 3s *ife, mfttr md $jdri.t and
shinngrhfr wirb hd. Trie kasdalG wm adiv. llhbq6 of 1te seidy of frimds.
Dujrg thc S@nd wond wr, &cy }w pacirisrs. Kdhtc.n wj &nr !o prisn td a
nonln for rcfNiDg ro rcgi!.r for civil D.fhe. ana tbc wr, sbe Ms nad. r Drnc
cmna er ol rhc odd of r]lc Bntish rnpir.. shc radkn *idely in suppor of

t



0dh!d d@rit4 rhc Prcdd

(dsonnc. (r)ihbrcdfio!. r.) di.mv d dide 1
(.r) $r ureidr

\ii (t H:. i )cr- ud ri ) n.sb_

n) rfund ofr:q'hhrnrcgor ! ruon LcmFdue d
|rcsRnlh!FeiQornDdde[|y! ! i !$rA\n|0

(ii) rrri4 dtqroi$\ donhr 4drr bd rc trljor d

(!1) Rddjor d hvqc I di DBr r rc p6{& of^rDli

(r) chFurd L a'cisrdrrrdNr!n.r Jddtror
dqs$b sbtrrr( ! , i faLF;dr6r

3. r) B{^i.q^bc areJ brrrcrisir}rh! otr1!(

(') MErL$corn.rs nihvdldhr'ri^onis

(, t  wi!  rqdFn otrd , ios {c ! !e$,{!  b ssE: !o!d

( i :)  odrhe th! ldhDqu ad thlor d!. !o d$njoi
(dr rhr rrrcoord.N f{hi1t b']L6o d

(,) DruN s! nrudlBr 600[ d cerof[,rrqo]sm,!

1^Lur)

( i) Bdi toftftmidhoer44lih hruniq h{ th!

iii
!'--,



2g
HALOGENOALKANES AND

HALOGENOARENES
29.t  HALOGENOALKANES

rhe homol,sor sies c.lhd hlhstoorlkrm lor hablrkan$) hrc thc rundiJdx!

\,4o r'/Jo,E c'H.c]

2 Chkrohulair
Thcnx'neBtakenl lqnlbdo|$cI

aroo qMdngfio lhcmd {h'rb 8vd the ro}d

cH:crcHrcl
Tnlbbnnidhrie rcbLqdrofl J

cH. I



29.I.I PRIMARY. SECONO
HAfOGENOALKANES

Pinat!, et@dq Md $.rc ar rhre typ.. of tutosdoalkm*:

29,2 PHYSICAL PROPERTIES

rnntaotrtQt otu L.dta(s, t,ir
| . ldror.  t  ano c- ct  bord.  9v4 n. f

-,k.rs.. 
ncighbofinsmoleutcs:

= 2.3, r = 2.5, C - 2.5 the rrons
ro,(rdd b4vm rh. dipoles in

h

f,m,$ rh, be L p!r"d m fpmr

oth€.mc 40k.rr nar A v r,fl vo.-h.

s dd,mo, kr6 m o;e. $i,h@co. d[M$

up m oor s srong a rhe hydbcd boods prcsr in r,@. HaloF,o kaoes
rhsdorc, ,Ih.qn drey dissoLve mon lhu slkm4, aE onty srghdt mhblc ii wdd.



OJos'ildes &. ld; d*e thm vrldr lfdoalknB dnd iodorl*dd d. d.nb

29.3 LABORATORY METHODS OF PREPABING
HALOGENOALKANES

Prptrrriv. d..hod! d. rums*d in Figu$ 29.1 ud 29.2.



29.4 INDUSTBIAL MANUFACTUBE

Th. addition olhydrosd chloridr ro

Indu*i3ny, cblroat^dB n rb. mon Eadjtyornre,rcd $ chloru r n dvfltabk
r !o h. dddJsi. or briD. Thl cbltri.rrid or dke6 Ftd" , mituro of mono
cdor,bs md eo 

'thloo'n5e, 
frcr whik $. cod@ne0b .e b. ob.mdt

by distiljdin. If .h. prTdud B ro b. tr(d r. s .otvrnq lb. rscr hd r co r{inr of a
tu@ or(hlomrilinei dos noi ddbr

c,H6G) + cLo r\ qH5cl(d + HclG)

Ortocrhue

Prcpene

Aikd* @ obtaioed rrom 6c pdodhemi.,ts iidu*ry.
Arl.marirly, d dohol cD be wlori$d ud p$€d {nh hydlos.n chtdde or

cHroH(9 + HcjG) r!!- cE.c(c) + H,o(sl



Tdrchldondhoc @1,, is nrdc bv plsing chbnde inb dboo {tisulptile in

rho pres€ of allnjnih cl dd. as catdYn:

cs,0) + sclrc) ige! ccLC) + s:c120)

29.5 USES OF HALOGENOALKANES

hlocnoalkees dissolve on dd gEa* Thev ac usd in th' drvdeaninc indurtl

md ;$ ld ddins miJA *hich carrv i filI oJ oJ d glge rior rh' me\dd-v
s.d r uei mmufdr' lm*bldomeLh"n. w$ oi( rhe ptriG MlocrosiLue
n hB ,g. x is b{! 3 . {h6 drl.d m quoti J i oisFl€s fd fmd the li}q

rd kidicy! t+.blc r dilhlorcmdlrq ( H:q:. richloF ds'
cd^ cict. cal..d lriLhlo id sdurEl, md EraJrlorc.$de ccl.-'cL

Hsloleoorl*od vhich hlE boilhg hpdabd jud b€rde $d hpedtua cm
.,,,h-b€ liolefred b! r slsh, inc€k.n p(sur' Tbrr pop.nv makd rh'T su;Lbi

rd ;$ * th. uq"d f 
'.r,is*do ' 

rbe mi su'tlbL .mgeru liouids !'
[mc.o@o !,crn.d nlorc.dooos for shd o- r'st DichlmdifLoro
ndh@ clolr:' md l'2.dicbldo-l,lr),r.ft1lorc.tuq coF:cqr,, @ u*d'

B.i.a.arly liqEfed b' PBsL'r' .\
o=i,* i".a-.a 

-a 
*,-*t o nes prcEnur lqlios 

'n.oo$r 'pmis
rh* * 

"* -.*.* ""*" 
..{ aas.ok lt.t @b rh. uppf 

'morPh'6
ua,i- ure n'a 

-r.t'.g ",.t' "t 
r"t' 

'te) 
qdr @ L Hft rh$ nnd.rgo 3 pbo'aLhdild

*dim ;rh oFDe cdddac tr @ orvcci rne 
'me 

ht6 Frrdr' 3 6.rur

fumon i! so.o' b'n€ ulRvioLr Er3 rrcm tltr sb l€ !21 t wirbou| h'

160 Foo, * rhDuld rs bo much 
'll' 

Bqod ddr,tioo and djs $ ould onc

"ri".i*' 
cu..nuo-hvt*t.

'he 
6r lsE. ud fldstrFnns u Gom ulm\ ol{ dd.tud lq ! ro el

-fl,lnmble vol&k bd ds* m u*d ,n liF
*;-i,;' r.@tr.-..'hs., c.r.,** u"cd * artr..ti"8lhhe bu' ,.

hd i6DdK!, rbm 3 , dbgd ol irt o'ks otdB€d @ rh. pdsonou'cs pb6sd q

L6a . i, ,r- h"' i @", .tr*, 
- 'e 

Lv., Md kidnq\ ud !s b*n rcpl'c'd bv

'hr 
.;d e& di,@ochbFnmrcm?Lhue, cBrz(lF, calkd BcF

29.6 REACTIONS

Th. Easm of halossoalkrs n 3hoM m FicJic 2s 3
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cHtct(Fot T 2sA: hAtoctNoarxA

29.7 REACTIVITY

(,) Grcsr9sqGt, (r) {csJlcEr

G) (orr):cHoH : (Gr)r@r
3 uda wh.t €ndiio, do6 Hc(g) nid rid
(4) lbpeor dd (t) DreFo.? ciE rl! mm @d ro!!d&

(srd. vhlr dhd r4d lur be pa4r)

NHnaq, e!!!e!+ c.H.Nfi.td + nck!)

asbtrouhddnds6of'hchrI.Bdodrs!'My

H8lo€marilnd uddgo sbsritoiian radio$. Tt. ddon.slriviry vitG
C = 2.5,I - 2.5, Br = 1.3, Cl = 1.0, F = 4,0 lhow tha! dc?!t for c-I, rhc

Th. positiv.ly ch&s.d cah@ dod i. ssclptibl. to .n.ct by nd.ophikE
torDohds vith ldc DaiF dt ddon

seh s :N4 ud n"H . rno hdid.6", x-,.**. r"tr. r."*g e'.,p.
md .Db.duiid (didor of rh. ry!.

. . .  Nk|orht lu tuuklh,  \4,  /
wbornc.  x Y. ,  -C-X Y-C- -X

Ites subsdrudo r.cbi! * not very fasr To subsdur. x by -NH:, th.
hriog.nodko. m{ b. b.d.d uiln 0.330 dndia io a .bonb , a seeted n.id

To 3ub*nub -x by -oH, a primary haroeaosrkrc nun be nfiued with
,qmns ,lkrri rd,boDt f bou:

crHrcl(g) + oH - (4 -g!- crH5oH(!) + cl (id



'nid od. ol Eadion depdds on thc crs ofbfcakiie ihe c x botru. 
^vqasn$dtrdbodddlhrtpi* iokJmot, f tc F = a34c cl=133,

c r>c Br>c ct>c_F

F (4>cl  (d>Br (aq)>r ( lq)

Th wo racrois re ii opposnion. Tne c F boid k 50 sbng djd nuoroatkms

q osendrff r\o, ,dego rdd.

Gs,oH,cN )  hrc b$ic pope
lbm frcm a haro€em,rkfe. qhilc rhc hato!.n h dpcLted r hrtidc ioi. Thus, rvo

RcH.CH?x + ou Gq)3RcH{H:oH+x {aq);srrMa@{

RCH:CH:X + oH ho : RcH:cH, + H,o + x (rq)i,r, dia,

r t"voudo o. seJtJ b,.
4ni ' ionb' 'T 'c ' )bd
non a,uous sdNcrr (e.9., pora$im hydrcxidc in dhanol) d r rtnur hpslur

The rtrarive d16b rd whlch subsLir4ion dd didiD.lidn rak. ptre q!F! on uc
nru.turo or rhe mol..uk. xs *e[ as on rh. baln jftneln ofrhe nud.ophjl.. Etini,arior
b{ones p|osE$idy mor jmpodrnl in dr ord4

wben a Edirry h,ldg.noilka. ieac

(cHr)rcc(D + oH cq): (cHj):c:cH:O + Hro0 + cl (rq)

{cn.).cc\L) + Hro(l) r'!a:!\ (cH.):coHO + Hc(aq)

r{,ddr rzrsn@/k': subiirdion/Eliminarjon
I i. i u. h o lo p h o t ktv : Etimin 

^kn.



o) (c,q.)jcots 
- 

(c.ts,),ca

rqdreN k) oof {diy 
'hrL 

dkuq a^d (r) mnt novt

Eoulsion bdwen Rx md oH , oH

29.8 THE MECHANISM OF HYDROLYSIS OF
HALOGENOALKANES

r/,/rpr ,/ ne h)drc\s* of I h:rog.do,tue is a surxrihrion md
halopnatkaE: dre sf n I Du.lcophire. Hydroryses arc ih.Eforc d.sijb.d as s! dcdoor. A s.ar deel of

hc nebhlshs of hrdrolrsh rcacrio's

Rx(r) + oH (rq)rRoH(att+x (aq)

Rrrc = ttRxIoH l
{heF trxl = lon€nrarion of Rx aDd I k a onernl

olc dli drnu.c ftoft rhis cvid.ncc rhar a motecule or Lx xid ,i oH ion run

md oH .olud{ oDty a !E r fradion of ihe
corlhiois rcsuh in tu.lioi. Ii fun b!
ml l id.bura]sbmnide{ i lhenNsh
thc hydbxidc lon d rhc hJogcdodkane $ol.culc.

' l  
I  H Hl

L CH.
A\ d bond fonr bd$.d o rd c.

idrd bolh b o and x one rhe rmllotr

hls a monmhry disric Ii ra.e.4. r



rrc sov!m.n! ofrhc bdding er(roi! i3 ofts shoM by I Nrud mw

H6'fu,q,Eo-cH.*r-

29.4.2 HYDFOLYSIS OF TEBIIARY HALOCENOALKANES

An dafrDb or $e hydolysh ot a htury balocaoalkdo is the hydro\sis or
l,riiDefiylchld.dh.i. in aqumN.rhanol:

(cH.)trco(r) + Hzo(r), (cnr)3coHo + Hct(aq)

Erpdind&l 6uus shd rhar rhe mcdon is 6d odq rh rcspe! !o rhe

Rore - [(cH3)3cctl

It i! infef€d rhd.hc slow, rdcddermidns ncp mun i'votv. rhc hatosdoatkrne
done.lr is 3uscned dd fiis iep is the dissocidioo ofrhc hrloseno,trb. inro a
cebmarioo bd r haridc ion:

(cH3)3ccl '{.&-fiq'a (cHr)rc. + cl

Th. cfbelrio fdm€i ftrds rapidty wirh wak noredql

(cH,),c'+ H"o !1L (cH.),coH + H. (a)

11 s $ep n fasi ud rh. n& ofrbe ovmll lediotr n d.Frined by ,ne rac ar
whih {n. cdbocrlions m fomql.

Tne prcpo$d nehoism fd th. hydmlr.is of 6iuy tulocmoltkbss r

&cx !!1qer!\ R:c. + x

aollwed by Rrc+ + H?o ir RrcoH + H , (aq)

29.43 HYDROLYSISOFSECONDARY HALOGENOALKANES

s..orr'4rr The bchwiour ol scond,r, hitogmoetk{n6 n inhediac bdva Drind md
hohs.tuolrlB Entty lljoc.rcllkde.. depfldiig on rhe narur. of rhe hatosadlkue ed lhe

The pFposed nehdkD for ibc slkdine hydblysis

' r  t  q,sT
" .-.'r- -lI cH' I



'rhc hyd61y$ ofhalosenoalkmes * SN aciions, ud.ophilic slrumn
ry 13nd som. {cddrq) halogmo*ms, nv.

, de invorv.d in 6e tormarion ofrhc resnion *&: the
rdsdcrmi.ins !.p n bidol*ul . Th. ndion is desrib€n 6 m s-2 reitridn.
rn 

'he 
hydrcrysn ofrnbry (md sone seondri, hlosmo,rkans. mty om

sp*ies n Equned ror lhe lomariotr or rhc tansnion darr the de dd€tujnins
srf  r f r  onq:c deJs,.d. .  \ '  m\, ioN

j 'sL4!h$ermi. ionnl . th ihnsolghlbbq
6@cd h $c,rksrie hrdrctsk of r-brdoeroFn, wh'

29.9

H
CHLOROFLUOROCARBONsi
During ln. S{dd Wond wd. .bus bonbs, wdc nru€d ro us
ponaue a{osol bscncides made rm

sN2Gr'ioi?hP]'Dhwdch}drc|ysisorlbimo.l,l.



v( chroroirud arboDi (crcr. I

,nuo.dhx,e, cctF.ccjF: Thc) {r
.i. chtorofluorortkd* 4L nifubk ror

ds. Thc5{ {sc fono\r.d by rq\oail produ!.

weLopedn'hc|9?05i i r rseIrcf t igdml
fluids rhcy h e rhe sane rhemal po

.ompounds, crcs b<mc bis bu,n
beins phr$d our Th6c {abk, lao qE

$e Ficue21 5, !21 5).rhdrclhcyK.i!csurfioenr ulrtuvioldtishrb6sr
rhotolysis. rhc chlddDc radi.alr romen Li phdolysis rake pd i; rsclons {hrh

(a) c l .  .  or  + c lo+ol
(r) clo + o. - cL. or
o oo+oj-croz+or

N.'jcc 
'hd 

readio.s (,) bd 1r) for
dsro), lnousdds of ozonc moLccurej

ln'orkf !//r."/.P t\DDsr 5l

'sft$otrs. cr'rcd Bhlch tr?trr rhe erd ti 2r et cFcs ile r0 orxr rinN! ror!
crTcdnc Lhan.rlboi didide itr!b$

dn0nnue ou us. df cfcs  kqluryc



' " . . . " .ot" . l " .Lul t to

e g asal:cr. Nd ilrPlriic ntF'

. iyd-n,-*."b,.'. HFc. r'rd-
s5L(]  l  l i rcond Li tJ ids I rdnsio]  lqujnnHl

@(o|doi t ' l . tor 'urhtcFcsHlrs '*m

^^, . . "* ' . " . ,nt ' '

-;"d " 
,". *d,'di,. i',r"*..

: i%h,.d Lar-d b!  50% h!- ,
*b-; 

"h" 
h",r 

"a.d 
,r" ,"dt a

a*".di.; "- 
f"rd 

'!-*

oiohL.ui i \ l l jc lc l jndidN{|b

!rttrNhcrd<!at ro r sril!!!Lrr

nclnor l iLr  Thi .n$dF.rs i rc1

29.10 HALOGENOALKENES

. . ' '

.hkN nofr rD tun. nbord lse F,su( le jL ft 
' 

olks rhe c cL boDlt



t€

IIIII

N,! Arkatr.s,.d lrkcn$ 3reobh
f,on qh.. i  d . , r .J o

appropriare arcohor is rvdir.blc. jt n



Th. chenicar $bi ry ol ohLroalkd6 md 6.ir elmr p6pdG! qplaio deir us
tr d€ser.idg asdb. "Tric or, tichloberhm., CHCI:CCI,, is nuch tr&d 6 a

tuiosddltdB eolrndis to sie v.luble phsti6, ror 6mptq PvC and
Naplw lrade 27.1, $ 27.7.Iq.

29.11 HALOGENOARENES

Compoud!;i vhich hatosds e sbs{tuab in de bu.o. dn. uc cithn
rd,remuur b3lot*o'm6. an d.dll'. n chioob.uae

(6\-.
\:/

29.I2 PREPARATION

29.I3 REACTIVITY OF HALOGENOARENES

Tne h3rosa ,bm in r halosmadme is q nEh lc$ GcliK tho 6ar m a
h.logdoalkda fte ffid is simild !o th. ilron lor rhe Irk of r.ertviy of th!
hrlosqoilk tr6. T]j. p dbi!.1! of rb. h,los6 tu idhd wnn dr. D orbir,is or

dns ro fon I d.locltis.d cloud of n.lshtrs
Ie Fig4 29.31. Tti: r tdd adds b lhc ahngrh ofrh. rbood b.fu fi. hatogf,
don sd rh. dns. hd m*q ln. halosfl arom ve'y dirrmh.o disDlae.

t-



29.14 REACTIONS OF HALOGENOARENES

rai!! c6H.oN(4 + Nrcr(4)+ H-o(r)

ptx.d.d or rhe hdoler dom rd s$dnu$o,

nruf&rutu of phenol, C.HroH. oi. iidrriat me&od n b hcd ch'oroo@7coL

I aerions t* Fjguc a.r. s1 rr.rt xarogs
dcdndrng rhcb.Erriig g2r r2.3tand rre

'J !  's  r  ' : ' r l
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uft of rhe 2, lnd 4.i$mqs i5 fomed.
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I

MPLACEMENI OF H^IOGEN



i 29-15 COMPARISON OF HALOGENOALKANES AND
HALOGENOAFENES

\

J)
T

I
I

wldd[sR.io|a'you!Elol.|trditrercie]

1 {Mr s4pk id i@ ind d @ntsNdr qErx

c^s^rc^B5o-qs.x

HALOG'NOARENES

c!s,B,, vnh qHrBr od frih cHrcH:cHBr. 6Nq a

Rx + NoH(.q) + ROH + Nd
-oNa rcpiac -x: NloHGoic.)

R,x+u+Na!1j9! iRR'+2N.x

s + R'cods: R'oa+ A3x

Rc4caI + Kor(dd - RcH:cfi :

Niui?ii @nc sNor/H2so1. Rr,
slt r@,6: frtu4 s,sq. R a
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ANAESTHETICS
r nlri.{.ndhxic (lbhorimr. cHc

b D. snpso, r EdLibLtrgh Lrhorrdturc idbs)
,urcr. Dnniostr oride oaushitrsg!r. N:o,

knd rnL$rr$r.. r rurgeon adoprld

rlh,eernienhsir.maLsc5utdierof pro)andn$!! rlif FouDryiDs$,8e4.

r6o\!err ne ie'hd), c:l5oqH'. i

t; dhc. rlt dnad!.mrsc 0f dhq n rhd n s

Td!hLqomdh.n. (.lJDbfdrml. cHc

Dfn.ogdi qirD f ehrnggA). Nro

. , ' ' '  ' ' ' ' '  ,  ' "*  
' ;  

,

Ihercshou|db!Jg.odlfdin'alg]n



r. ft, Q..hi4 oi d'minaring llcior HB. (s'rbl! ro sod! umr
4. 

'ro{ 
pd.dqe.rbydro8.i (o utuccjr.lrorbrit)

5. r L'pn $iun'ioi uror. !c$ue (d pori.t

Nfi .  1(

l ir nrti I ikiL rrh rhc Fodd! rr (!). (!) ur(./)
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I

3, (4) tudb. d yd 
-urd 

mrr. lbrcFobdac tu

(r) G1v. rh srud@8 od nans oi d. *onrs or

O shc $. midnioB uds which 
'bNnob!@!

funlbtlrElrye'Foladstrhshs6€h3is

(ND$ qus)

6 @l wnb oEnlt brhcd.cudm roi tu.dbvidg

(0 doine ed n.rr'a.0 : I mor- nrio), in r!.pG6e or

(iD brd& ed eq h tu &*
(mJ botu ad kn4 h rb p€{a orFeB4
(r) (t Gi. ! srtuadc Dft ror @n0oud r.

r-T'/cH'1Br
.\".2

(i) c@Fud r c sd is i4'rd udd aoB wi'r 4ueB
$dih hrdd& srdh (.omrdr 1,25@).

(l.omde r) ldd roreueedhcds

(or)

bdw4lfun.nb6o.d.rondidgp.hoi

{a) cHrcHlcHzcsrcr dd cqrcsrcao
or 

- 
f -\ .H

€) "*  \ - /*

5, (4 DndDs,&h bclrym botriF,b bd erdla
Ji a, ura,hg idur d.w by ifui oros *bpL in

(t) D6db 6. dsdm by whid trrhstrc t4 vi0'
.dofu.id'bprc$mofligh..ndstowtNlv3E.yor

(,) Disss d. m.chdish by q[id1 rbrcnoprepae ud
s'hwfl416d@h,dqidg
(r') show hN ri. fdrde c@Fud€! & sFdid

t
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30.t  ALCOHOLS

30.I.I NOMENCLATURE

Arioatic d.ohols m a homolqpus sncs. Thcy all posc$ rbc sm. ruoctional
group, { hydrcryl Eoup an@hsd 10

Tbey ell hrve rhd rdrmuk RoH. whdc R k s rlrJl Eodp

'nrey can be nx,rd.d s :lkaos ir which oDe H ,ron is ieplac.d by r -oH
groDp, dd m otrd cal.d ihe riLroli Thc nmcs rc atrived at by drprine rhe
mme ofrhe p@r slkse by ch,nshg the imiial -,,. ro'!,'r Thc fiBr nembss

ALCOHOLS, PHENOLS
AND ETHERS

r$ rhe mon inpodmr ncnbd or'he rrc,l( Fign. r0 rl, rd n



uh crH,oH. !E:

{dhylcno srydl, 6.d xr rtr nM:)

.,:

\-r_.1

mdb.hN*si ldcsi i3 lphdjc, ]6hohl f the h}td}1l loupi l i i l l j l ing. I

30.2 PHYSICAL PBOPERTIES

' tr 
hnlt hrN'ru' ,t/

. rrls (. g, rrrc5 .
rNo.r crx r = lt6.j Tl'e r.mtr is rt' i 

'tr 
l 'tghry



o H do te,o.
orrmhor! t$ Fisrt0 2t

/i

Moletrtes ot atcoh.l can dkpt@ mob.trhs ol

Akohols oaiigh moldular mas ron rc*ff hydrog.o bd0ds rhs rh! , uu(rusqd*odcd!\ lhq dispkc. Ensey.onsidtrxrions rh.rforc make rbe hishtr *ohok

F 
' , l ro 'm| 

o,r ' ' r .mrnL--  
" , , .  hs.r4_ |  a.n\

s atciun didc orhtr xrohor; d$ bm



30.3 INDUSTRIAL souRcEs oF ALCOHOLS

ordhm.t!r71 H)-dtu'idD dfr kscs

cH,Ls + tsrou " ' ]1 i ! ]*LoG IrHre)

dher *Grrsr n h€b prq$re md mdsdc

rHrq ,  co,s . lT- js " ,T_ cH.o )

ake armhoric d.iiks. Foi'jui.a {di s
sap€ iuEe conrain the 3qe srucos. c.Hj]o. whco ychl n added. rhe $g!i
'fsocdr b ft, triic (! sor ioD l,rdhrnot) md srboi dioxidc

clH :o.(4) r" 
' ?qH)oH(3q) + 

'co.(-!)

Yea* n. rivins pknr. onhinmg ih
Juilc5 dr dlr'd fruns FLum5. lpprcs, !can. dc ) .s b. f.nrfu{ ri sNe one.
{1nes cotrhrn abour 121; erh or !vh.d rhc 4hinotconrenl mdrcs rhii t{vd n
k]I5iheye!! . ! f lmedrt iddnops'

lirnhidro|Fe!szFicr[ybgi(gl
r4j , ,  ofdhanolbr votudr BBrmdciderarc? 31;

dhrnor. md !in$ rcabdr I2l; e
ethxnDr .odrd whnkl, sji Dd br
mrdc br fftdiqar dndr {jo of Gm

b dhanolb siE irdunrhr mdhlldcd Jpnir" qni.h is utrfir b d.iit iJ lbsdaR

hLTlchighf! | -hdseuP]c$dhnmc
riquidr drno,r.turcrdricily sc!ro.



'D4k5P|@I'uI1^.rh. .d.grc5Iro|( . r ru|) 'Theme

',bd 
{drd jun aLro{ gutrl)dldd b bri wa

30.4 LABORATORY METHODS OF PREPARATION

siss rhe rlohol RolI $re.6l

dd,/.yer, whcdrncss. Rco atjNn.lr 1l, r urboxrtr

cnicorcrnr(l) + Nrotslaq) +cHlcorNx(rq) + crHror (L)

... rr,.d,('dr /t The rcduron olitdehyds d kcrna ir qircEd ir' {
.n ht rcdud.asdsorb.d rn$rr.s 6. rr L

ArrLti&hd\cin b!,n{rD non ryri,rdeh}ds by rhe c,anzro r{.oitsrL6 rl

h| ! r]tdb\ |,|
4/raA hldrcseNuLplIr. {'ben $nis djLdld lirh \d{and dislned. D lt.ohdLir

cH^ cHr(g) + H/SO,(l) - CniCrr:llsoru)
.rr ,cxrxso4(t)+H-oiDrcHrcH:orr( t )+ H.so.t l l



ALCOHOL

dflg lgcd lqally by dul$ and ill.sally by yobc Fople. Ii r a d.prcssr or rhc
crhanol is rh. grc cn n.dicalprobkm resuxng

fron the use ol drugs: theE G 30000 slcohollcs in rhe UK etore. Alcobol

^ddicrion 
ro h{o,r sd

: ir cr bc absorbed inro rh. blood srern
d inrenine cdb.n dioride,elaxes rbc proic
n,ll iniesibe, md so sp!*ting wins have e

30.5



of uD ; sone.onnoi dank n s

blood rlcohol hveLs or up ro 0.01% bl

n dnnk 5 u \ or arq'hol bcri( h( rc&h$ rhn
l4el^] igbudmouLdd|kks.nd,womdol 'hesneweightmDldddik

.03l" mcidensc result tron huhr judgened
.\sivdss Ar 0.15l; drcwsitrss i'dvomiring

o..r.sda'0'30-":"hr{j'hngdimc



^r!rol ismisph$n]rJdpsycho|ogi

dd Jisqr.4$ the;drlrduil tom d

,) rvr'r ,'{idiq tri rldDr (r !u ${s5r rx shnie

r@br coq yo' $rc!, $ vrsq s! $ ra.h ir D

30.6 REACTIVITY OF ALCOHOLS

' ; i

r, dj$oci3r in 
'|t 

pNDeor! bN lt l2 r.rl Ad

nh{"=l0F$Dldmr

sonrm rnd unh qrborlLrrcrds t30r tl

or rdrlsi, i, olhq rcdioN iDvorr



30.7 REACTIONS OF ALCOHOLS

Alohoh red wir.b rodium ro sjw hydrocd and a sodjum atkuidc. Th. readiad
k fuch d@q drm ine @non of *ds sd 3odium:

zcrH5oHo+2NaG)r2qH5o Nr+G) + H,G)

lods (/r b pks6. Th.Idmtjoi,l srups ol ndr

Eddmcdioi 6t6 plre mch f6b in
chloride or concdhkd rillphuh acil.
Fd wirh alohok b eivc 66:

lnE presmc. at a cakrys, srh s hydrogci
Acid mhydrida md acid chtortds ds

cHrco,Ho) + c:4,oH0 +i||ts cHscorcrH5o + lr?oc)
E6hol Elhyr dhatrddc

FISSION OF R_OH BONO

Dry hr4iragd chlodd. n bubbkd dnoush rhe mhydroN itcohot in lhc prcsbcc of
ehydoB zi.c chrondc a3 cn,tyn. whm ft. stu.ion is sarulacd, n is rdluxcd on
r wftr barh. For sondeJr dd rni,ry .tcohols .onc4rmrd hydrochlodc ejd
.rn bc usd. For rdiary alcohot! no zitrc cblo,ide cadyy is n4ded:

crH,OHlD + Hcrtgr _rL. CJt.ct | + H:Ort)

Tbe ordd of m&s of.orc.ion h



qH.oH(r) + H(g) r!5 crn5(D r H:o(l)

(c) H.rod.n!{on urind Phetphotq! H.r.de3

RB.atd Rt oE ltn,fr Ifirnavdrblc.phdrrl'd S(III) bron
h) rt&|tun PR\a)d rnd blonine tre usd ro senndc PBlr 

'n 
the rerctior nnturc Phosphorus(rrrl

?rJ iodideisgenf i .edby.headd
.rh. and rh rhc halos.noalkaoe is dhriled

3c?HioH(L) + PB!o) !5 3crHrB(l) + HrPo.{l)

Phospho nv) chlo.de rcac'r i thc Phosphoru lr) chlonde

c:H,oH1r) + Pcr50) '-"4"_, c.q5c(rl + Pocrro) + HoG)

t k!tutu? oH rcac'ron \ li phdlpr'orunu .hLdndc n a

(d) chrodo.{on wnh surphqr

Rtd P t l.EtlT or a a *urc{ orh}dregm ioriro ((i€da'd
,r/ suLphuric acid.mdor be used b<rus ondres Hlro l):

c6HrcHroH0 + soc!(L) rq+s. c6HtcHrc\0 , !tcl(g) | sozter

" , \  " , \sdplMicr idEl [ } lhJJr.gs$Llhrt



170'C. watri\ Elimii4ed, qirh rhero

c,H,Hso,{) ;-;e:-- crHi(3) + H:so]0l

Phosphori.(\,) *id dd duninium oxide d r00.c ts.c Fjgrc r0 71atso ac. as

They crn be funrs.iidiscd rd Qrborylic rcids:

.'1.,n c/ tr!- n c/
\ r .



s. oxidised b kdoncc ! $ri6 of .ompmds p.sdsing in

Taiqa]cakk|el
ori{,rbn then inlo . ninue orctrboxvlic {ids.

A nMb{ ol ondhing as6B cu b. Bcd. Acidificd $dim dichotute 3oludon at
m@ ldp. win oxidisc pdnury dconot b 8id*rd* Md s.ddry rrcoholr
b kchs. At iigi{ llmpsdue pdmary al@noh e. didis.d nrnt* b acids:

TXe dicbonft slulion rums ftar ihe oBosE olou ofCDO': {aq) b tne dw
@lour ofcfl (ql. This colour cbang. w$ U! ba.i! fd !h. origiml b@tndysr

erhre'brdgh'|ubeoohinng'ome
onrsp crysuls. If lhc crysds inned blue, it sholrd ih?i the bE.1h obin€i a
@$id.$blc lmout or dnadol vapoui

Asidmed pob$ium mdgd.&(vll) .olu!id. Ihis i3 loo po@fll u oxidkitrs
agmr b rq, ai th. 

'idenyd.: 
ft ondh

Atl ieondrry rlohoh and one plinary almbol. dnmol, sjk a psitiE €dt d
rhe n8roforn Rctio! {$ 3l.6.tl

The Eactidns of slcohols ffi summ&i$d i. Fi€urc 30.3 md Table r0. L



1!1!llril\!!!l
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a.idic oxldsirrs asn6, rhey tum x

tr- ;,,,",, I,.,,,,.

..",",*----lH:'*.1--
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RCHTCHTOH- R ON,

cHo+RcH,corH

Nddh' sc s4p -GrtsrH h & Ni



$qdiiy i id a.nh !|erd, {d qdaji h;rcu

ctHocl | t \pJl [ ! [ ! ! .q5!h)h<n$bs-d

foo0iiciE,o A qds pih rcdiln. ; ih nE itrhihi

A'D.c.Dald| i '0dPriEqu' io[56.,1d.

crjcH(BncHi , c 
- 

cH,.ocri
csjcH=cH, 

- 
D- oricH(oE)cEi

3O.8 POLYHYDRICALCOHOLS

Erhndr,rdjot. Hocll?crr:oH. h !

Ld lhc mr Lrrac'ur dr solp h rr r:r.rl clyorol s u*d ror rhc mantrrldu( ofthe
sbvl'ichnJ'o.nsRnLiilnc&4.

TrN *rq n ate c'rhd,n/s4?n e rr n .rrJlosivs ryhi.h n ddoulq q
shock. wh.i .nqlycdne r absorbcd dr ki$etguhi G rype ofddy), ir is crled
duu r. Ir ir $il a pow{ri,l cxDL\
hrrdkd \rirh slGry Dlnmn. wA irldcd by rhc swcdxh.hcmisl. A9Nob.l.



Benzlt.kohol n an d'!I ftc @dio$ ofphmylndhuol (ben4l
d/c,t I diphadc rl.ohol!. (SE FiguR 30.10.)

3O.g ARYL ALCOHOLS

dcohol) m vsy similu b dro$ orprindy

L-
l@
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] ,^Liqu]!P.o| ln| i i ic .H' . 'o 'Qdcd\r ihsdfuob

Lqud a. rhNsso(ned bjdtn0*6o whqr
r!!r !f bmzoi p{oide (e nuc! d re tudi.dt }$

id<1. o lnh ! no( n6 dtleod ,!n.oof{.d

'ox$ldl i&\n.nlh!u '6uhndeo$Id{t [yr.o!r r. d4!rri ft arfoislhid dNi*{

r--::
!.::,

"fid@'it a, B. c ud D. $dr 
'hc 

rssoh dd .oidrio6

30.10 PHENOLS

d'incrhtdrc!]so+dhdrd

,r:i
\-.',-,

o

iir
!: ,,

e.

niiginj'ededbollduriig||to!{dif.nd



30.11

aqueous sodium hydroiidc Nill
phenoiidq is coi ldcd imo phcnol

cJ.oNx(a)+Nrcl{ lq)+I l ro

SOURCES OF PHENOL

c6H! + cHscH:cH' ;!1!+i+. c!H'cH(cHr)1
lililt'" o.uaryr+rrrrr*-*

I

cH.oH+lcH.r .co 3!q4j  cH i  o oH

Cff,
.cufidchydrepqddl

sodium hydEridc is us{J 1o n,h. sodilm phooridc. Tnn n dissorved jn {ds

cJrrsorNr + zNroHG) !r:- c6l{5oNr(r) + N4sorG) + lr?o(g)

2c6HroNa(sq) + co:G) + H?o(l) 
-2c6H5oH(l) 

+ N&cor(lq)

uidddra$iccondnions. 400.c rnd r50nm.
hydrolys chl.robhz.d.. The producr, sodiur

cJ5cl(l) + 2NeoH(q) !n'trq'



hilU*dDdunng y;
r, ob'riD jn 

'hcrahqdory 
(You $iu

orbrloeemams r so d'ff ctrlt )

30.12 REACTIONS OF PHENOL

irds kt rhL rucuotu of dr hrdro\ytsroup
.nd (b)subnrulon 

'n 
rl'c rrondjc nns

clHlots(aq): H:o(li=c.H'o lao I Hro.ta{r)
Dn$. i , ' id i {u6bonryasl igb' l

c6HsoHlJ + NaOH(d: Cirr'ONxGq) + H.O )

$itarotuheringcarboi ro,ns t!EFigurer0.11l.
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Ite Edaqent of-OH by s hrlolcn
srsobors. Hydrcscn h.ridcs do noi mci
giee a poor yield ofrhe hdogaodod

kk$plaemrchlesHdjlythMNilh
md phosphoq<v) halides ftac' slowly b

c"Il5oH(rJ + Pcrrlt - C6HrCr(tr +

3Ci2.2 SUESYITUTION IN THE RING

Dilute niric acid a1 roon lnpm@.
.DrL! 

'n'oJ 
d// $rhcn@nc.!lr.!.dnfui.&nti.u$d.2d6linnmph.nolislom.d.Thhkapo*.rfur

,r/akd.,ir... .xplosive *.ow. rs pisris rid.

Ph.nol n nore Eaclive rbe bdac bsards .ldrophjlic rca€.nb. The mer is
rh,r n\c idrdacLi.n bd'*n de 1on. pois on tne oryF aron jj orr or -o-
aid rhe dnc iocre the amnabiliry ot.lcronr in rhe aDDaric rins Ig 23.12.31.
Mildd @ndirids e dploy.d in ebsddion redio.s rbs uo n..dcd tor bmH.

Con.dhi.n lulphudc eid d rcom lenpqaruft.

c!/Br:, no inros.Harner, at ioon Gnpsnrlc.
Chlo n.. in Inc.b3dccofrolv.d! giEs 2- md 4chrorcphdot. Brcmin.,in, id-pote
elvmr sucb ,s ctrbon dhulphide or r4i@hloiom.&mc, elrcs 2- and 4boroph.not.
Bbnine ft sives 3 pRip aE .f 2j46rib6fophenol. Thc r6d reuon m
uds k due !o rh. pG$nc. olphmond. ion s. rn nod potu .otvci 6. phmol naleuls

arkyr.don: Alcohol or dk.trc h rhe pEsdcc of sulphudc rcid as .sratysr. on

A row yierd is obrain.d. H,rasqoa0(

?" r .  i "
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mhyddd. rh Fri{dct-crlrr c ,tyn

'.r/drr?,,/ 
h soltr'ior, phmol remb lirh ionlllr) chtolide ro f.m x viotci ompl.i orjq
ph{ols givc dind. coloK. and rhh ridion is urd rj { rn for phools.
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Ev.ry dc ol ilE produds of the.e rer.iois may bc n$d .: a *di!g poitr1
|ot sI $c rcaclios .hom bclow.
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THE EXPLOSION AT SEVESO

prcdud'oi ot :J,5ti.hlorophmdL n

:.4.rridhophsdl\LL Freuer0llt r.4.trridrqhetu
richroorhcror)drrdr ! alid (r.4.j.T). rn
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Bis(2.3,5 ri.hrdo-6.hydroxyph.nyl)mdho. 2,4,lTnchbrorhenoxydhboic

Dioxin n *lbb b heat, acids md €rk,rir. is atno* insoluble in N'r.i bor sdluble
jn ehc orrdic solvefu. Ir i! 500 !im* norc roisoios !h.n srvclDinc bd

Dideiotr wh.n !pdson kcx@.sd bdioitr
wq a lon! rine, dioxin residu$ acmdarc ii rhc tiycr and rar cells. symprorj
ec cirhosis of rhc livcr, dm€c b 6c h6r! kldney. splc.i. cedEl nnous syd.n.

ncdhriotr distoIbmc* md dorcssion. ri.

tdxrFll, N@R (6 d!o0
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rsfredof l .a iderDlnsdcbded|o! \ t .h! |E

rnd pLanling for$q ntl 'er rhm 60
orms! 1.0s. Lqris of topsoil wc

he hrn peoF e b r[a' f.om th€ d]eds ol

gu$lLa fisbcL \ins in \an b xnb
N ue bJ rhd rlsA a x derohmr in
2,,1 d i.h lorophmoxydh anoic acid (r:.4, D), r qa s kooq n 6 4dt onar 

^men.anplmes ralsr 4or oads{ oro rhc jungr( B} d$torins rlr Lav$ di rl '{ trs,
n cnoved dre covd of rbe vd cor

drerdlul efreds ili.xdr dennhrd bo

mid.fuLly corhruiilr \ih 61. h

pe.ncommuDi'! (rc)ro bnie DUrx *' of
sujddir$ Mrd il pfurcdriig slmirr
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30.14 ETHERS

{hf l .RmdR'mJky|$otrp, 'Elmp|src:

o-" o
'nrc ro*ft driphdi. dhen ae srses

M.'hoxFdb0e (or dife'hyl dbtr)

M.rholeihane (or dlyr m4nyl dhd)

Erlioxy.danc (or djerhyl .&d)

Mdhorrb.n4r (ff mdhyl pkiyr dhd)

Ph.noxyb{iz@e (or diphciyt crhd)

r dc rwo rrkyr @ups de lhe smq dc dhq is d.sdnh€d rs smbicrl: ir R
ad R' re dird.m, rho 4hn n 3aid

.d as ,lkoxy ddjvauves or,tkses. EL!.ry.rharc
n wel knom a r s.lvor ad m m maedhdic, sd ir is onen rcGrtd b $
simply ttber. Aliphdic crh.r hlE lhe g.br.t formuh

'Ilcy rc irom.ic qith dcohok.

hmyt or iub$nucd phmyt o! nryhihyl, sd R
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lhcdipolainneighbounryhd<u|c
mke ibe bolljng rmp(aroa of dhds r lhrlc hthtr rhm 

'hGe 
of dhres

Phcddrlblnzcft is a solid Nhich me

The lorq dh€^ rc slicbrly lnubG

nolecule incrcars. solubili{ydc{cb

d.nsc..hm ir, l ingss !r 6sch lBel i.d is rh{eroE erljlr igditd. This is shy

Trrc rcbniqu{ dr dh*.rrrdior i5 usd ro obhin

(,) colared $bnancs e more $rubk

(r) lrhorj€'hrnc and w&r N innNibre

a spanrns funncrt{c FBure 30151. rh.

lbis ir ssy b eomprish Irtr th.,h6!-.

Thc iidun.ial mdhod .fnmuhcru

,. 11 orkPr eit=L c,H,oc:H t' + Hro,s)
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This B.Llod *in giv. uo:'merdc, .th6, RoR', as mn rs sllm.tic,l.rh6,
Roxa+n'xsE ROR. Tne rodiM ddivdiv. or m ricohol.r phdol is boiled *ith a halogeooal*aoe

Mtnndncal .thlt Mtil sodiun h,lidc cry*'h app.a. ftm rb. mixd. i! dktilLd io giv. d dha:

c2HroN{dc) + qH,Br(6lc), cd5ocjHr(g) + N,r(9

E!hor)9opm.

Eth-, aE @if . . . Eth.* de ui.e.iv., In.] bm udily,
crbad dionde md wrb.

on nort or rr'en bigb vo|ajhl, b fom

3O.TA5 FEACIIONS OF ETHERS

b rhe pft6.e or,rr md sutishr,
uni5}l. md splode ifbatd. To



r. Erorrir vhy €dorydhinc n k) nor wohriE ,lni
dM0or,1r)L$ &rse rhatr eds md k). bdtr eN{t

k) cH,car!:ocH:cH1.sj .. \!hd prc*uriom nrcdd bc hhr oq (4) no4 lrEr
1'rd (r) us4 dher 4 si{tl

qih G) conedru.d srphun {id ad (t} dhMoic .cid!

didd vnh (ii cdi.t*(i.d $rphunc 4id. (6) dhtro.
&id 1.) dho.lr .ibr d!, (d) tron(rrr) .hbodc soru,ror

G) ctsjcH,ots 'N!l

(4 crrcrr ic:cH:+H,Po4-

c Hov !a ahad br n!d. Iron k) de& ad
1r) brcnqrharcr sop rid !id$ eid oidiiois dcs
dhdd rt&r 

' ih 
rl)dhdon {rd rd (ir) $rrbut eidl

kr sodiln rhooridc. (r) lntophlnol, (.) 2,a.6d6Eno

lo'irouods.s!soiysdlEh]drcl&'h}dn 6.

L!t]I Ac4 3 cJ]",)

qdi k) &trzoyr dbnd.. (r) .$:iotr ohydndc,
((J.oN{flcd lDhft erd, (d)brcouL vd(]

6) crr ,cHOH)cH,+H,sor-
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Aldehydesh*exhydrcgalom

(In th. li6r mcmbe of

31
ALDEHYDES AND KETONES

31.1 THE FUNCTIONAL GFIOUP

Da|Fopn'heslbo|y lg ldp

3I.2 NOMENGLATURE FOR ALDEHYDES AND
KETONES

th!:r*D alMutuR 
^ldrhyds 

xnd kdons rc iamed i

4c Ise rabbI.ft)l

(R bd R mar be alipharic

'flre geoqrr romu|l of sdurftd itiphdn ,rdehydes md k{ores is qH:,o tn
ddiioi, rh6c de cltli. kdons or ro
Tiesinple$Ionr'jcald.bydcmd

l.9l19
ll

!-l
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MdbmJ (lomdry fornsrd.bydc)
Erhrnar (fomdLy ac4atdebtde)

BozsEaturdehydc (or bszard(

THE CARBONYL GROUP

ron ovqlrps $lh oic of rh. hrs{d I orbiri,ts
oi rhe oxys€n ar.n b nn uoaikrIse FEmcr| ,t.

I Prcprhc (om*tr tudmd

cHrco(cH)rcHl
cHrcHzcocH:cHr PflLm l onc
qH c9(Hr Ph.nytehaooie
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Thc J.uble bdnd i dacked by

md kcbn6 t$15 e rl ri lroprmre.'rr!ruon6k

Tru. h orrr r fracron ol a ps rdr ol rhe enor prer.r The eml has a d rdenr
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cubonyl sNp 
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k) buhi.r (/) rmorcr,1nlnc
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'.!rbdj{nr(/) cydohcrsoi! (,

(4) r ndhyhqani (r) khrorcb{zddch}d!

, --lar\ ."."

(r) (cEj)icHcEo /,=\
,  oNlul  Go

-. 
Prupoooc coiuios o'ry 0 !r i; d sc {d hdonq.

\1r&ki.l.€ioie srilh! 301: $d DG\61iao
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31.4 INDUSTRIAL MANUFACTUFE AND USES

a].ii'r
\t,

Mer[rxl (r'Dl/e]rd.,) n ohdd{d rl

Mdho.Li5i3$(7u= 2r.c) . r ' t rusedxse40p; iqueoussoldsn,.dt .dr?et.
r0 tbe prc$slor of b$loel*l spNinens. Thc soljd bjlrdhanil (rau@,,/d.hr.).
(cH)o)i. n r conEnient source ofi

h rr!ri6, Ddritr& t!31.6 41ud Blkrln0r'
$ r r.6 11. the rnri*rric hLrmdhyten

E h,n,r k Drd. fiof dhDor (a) bl
ca'aly* or (r) by catlF. dd'ydroe

qd rid ltrlqsL ahrkour drops').

$rhrhigherbo,hngEmp{dreisreeded.bduoneBusd(r! 
- !0.c).Fop!n.i{

o
Bo?rdehlderPhenj |p.opena|
1A df!div. (Ii ciinlnoD)



r4!_ aH,cHortr +H oLlt

r:!!!- (cH.r,colLr + H.LrLLr

31.5 LABORATORYPREPARATIONS

ordalon ofpimrty dshol! giH ardehydd. provided rhir condirions m (rtolrcd
r.lvoid junhso\idalionro a.arboryticacidFr0.? 2t orid,'ioi orsoMary
ar.ohok givs rdoDcs 

^cid 
ied sodium dichromarc(v! n ofid .mrrur4 ,!t

rinc agem n &il.d dorly io rhe rkotrt Is.{
Frsu. ri 41 rhcrmncEurf k.e' beto*ihe boilingrempmrucof thcahohol

thh 
'h{ 

erspooding rlol'ols ) Ar.anEng for ar exlK ofrL.ohotover oxm rnd
disdniie orrrbc rrdchyJc 4 n is fomtd rvoid tu { oxidd$n. Kd.is 4; l]c

s .di b. 6.d in rh. llboraroD N wdr as 
'r



by s. Fn€der cnfts 3.yrati.D udjoN 0x r.st.

o Jq",r]_,s;tr. lttgfi ,.,
td. w|el

E\Al9r
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lne oiiddion or r mdhyt smtrp lrhcd ro
de dioxidc k ond oproycd 6 rhe ondisine

c.q.cH. !1!! clq5cHo

Bcmnliubrtdehyde (bdz3rdehyd.)

.d 'o ' . ' .or  r . .a d I  d,01 " ,no



dimqlg d$ h rhr n.'!d or e@'iidDl Hoy ir i'

CHECXPOINI 318: Pfl EPA8AIIVE MET

(r) p,o@d. @Peo@ ud bu.s.did
G) m6Dd 5d F.dnc2adde

Dnwft.nruddfomdmo'l}.d|ffilhi}n|d
6now4 rmdrcG od o:onoryri!:

3I.€ REACTIONS OF CARBONYL COMPOUNDS

,1td.hrd?s ee ndueed b Hydrcg.tr ad& a.o$ tne srbanyl grep, reducins atd.hyd.s b pdn ry alcohok
r,tuD ahanat b! E, ar snd k.boa ro s{dd"r .rconoh. Th. rcedd is mof dimcun rha artcnion b I
br LrtlH. h dtEr d b! cfbon-.altotr doubl. botrd, sd Bualy ftqujG ha! p6suc bd . i.ral crlrlyrr,

x,rdiod (Pr d NDI

" i ts" *]rE5 zcr

In rhc hborabry, ftdEtion n usoaly eil.ded by rhc us of a nd'j hydrjde. Lirhim
lermhJdridsruminar, LiarHf is us.d h lolution in erhory.rhD.. *trih nui b!
&y be.re rhe hy&id. Eacb wiln Mrtr. ri ret6.s hlddd. ions *hi.h aorc* rhe
crbo.yl crbotr .ron. Tl. rcadim Mlh ald.hyd* n vdy vigomus, md fic te$

moE corvoicdr Figdr as n cs b. 6.d io rqn.ous or netnmotic earcn:

,, *o 
"l*#iliiiffi

/H toR-c:oc)+ o,(g) n;+t;4r R,ci G)

A6mnic ard.hyd* ee l.s a.ily oxidis.d rhu rtipharic dd.hydes

H

Ri Ri /oI|
/_ ' - -  , ' .

H

@.errlr 4,?J. . . dicbbnak(\r) d a.idified p.h$i!m nmsmtu(vlr) At!.morively, rhc dtd.hvde
hpor can bc prsed wirh ri ws I hra!.n c*zjy* or ovd silq oxid.:
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ftd,ld.hydcr vnh a pole uloridisils
igflt, in acid coddnioi., rh?y @ oxidis€d to a nixrurc orctrboxllic ridr.

is atb*.d by nrcleophiLs. As ncnrion d in $3l.3.l, tbccru'ide ion, ol . is$ch
a nslophile. whm hyddseo cyanidc n added to s cold 00-20 !C) slurid of !
cdbonyl .ompound, ir adds lcros lhc dotrth bond. Tne rerdioi occuc rapidly i.
lhep6meofab6.mdninhibi l .db!eids:

I
rh. dillew k r\e 6e Th.rcldiv.ac*i!hwhichald.hyds.reondisrdgv6anmsordndngdshins

{ ditdtb phrtl* t neesenbBen€nidrEsedandfebtings

'nea 
of djskeuhhiis soluiio!,mnrainondsoppe(Dios.They!Er.du..d!oacddkhpEipibE

b4eah au,hlde! and ofcoplqq) oxid., CD,O. by ald.hydes but nor by ketorer Tous esfli, a

amDd wirh au.hrd. b. r nor b/ trbne ..

2-H jdrory-z metlriburmoniLilc
(rh. .ymohydrin of bD6oe)

n. prodnd inlr is rom.d is d.sdb.d a !h. .yrtrohrdrin of thc c&bonyr
6mp.uod r is a hydFrynirdr.. nre iftirc sroup

cd b. hyd6lF.n !. l]le csnoiyl sotrp

ft. hJdrolysis or hydorynnr s n r D$fDl qy ol fraking hydrorycarhoryljc

!-Hydrory-2-mdnyL 2-Hydrcrf2-methyrburooic&id

To awid rh. dlr8lrofrotung vnn !h. ponooous gd bydro€.d cyfidq ir b g.nfaled



he q'btrn sdo n $diun hydremrlphire:

^ldcblds 
ud moF redily rhan ke

scdr o,Lnd by $o alkrl soups. The .erction
trcujtdoolbysh]klngbAah{Ihe

ion on t*rmeni vitr rcid or aLkxli. ir Libdates

mnpond!r.hchydrccem''lphil.c

ncq]mFMdl.gdb]rirehydDxFnriles

c:o + NxHso, r=+P

lr a nidion or 
'ndhrnrr 

is cvuotutd. rory(Ddrrlnal). lclr:o).. is brmed. rh*
odlyD{(Dekin!) is r rouer plNic n



ADD'T'ON-EL'M'NAT'ON (OF CONDENSATION)

cfboiyr.ompoundsro edducG {iih fdy dcivniv6 of.nnoiiq xN H,. adddds
whrch innediftly clinina@ a dol6

'hcudio**rd'hydruiiqlheprc
R fR oH lR

.  o 'HN\H j |  .  | '  .  N ! r j .  H'o

R tR NHNH:|  R

im dintmrid Eadions arc d6cnb.d N

siniru tsdlions m l(d in Trbrc I 2.

F,thahat tnmn$ Etnn?JrtiM (tanderri) h ! liquid vhich n made by addins a fry drops ol
con.6ht d sulphu c Kid b dhaol. h hs boi u*d 6 d hypioti. (for inducine

I
\ /r^\

c:N-N l (  ) )+H:o

H.N N f I  IJ NO.' \v/
c:N N 11 l \  No.+H.o



a ,o d od o 2,Ld'n'rophmJ.hJrM" ,. 
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.rrt-. ..'" 
' ';*Bmdy s rugmt, whd jt is dd.d b a slutiotr ol r crbonyl conpoud. rb.

r,a.dinihph.nylhydrzoner€'dab npidly. aliphdlccebonylompolnd. giv.
oruse or ydlo* ddivarivcs. whil. lhosc or somlic crbooyl @dpotrdds $ deker
in orour Bndts rugmr cln rhdefo
corpoutrds. Th. fterian is qod&arjve, Dd th. pEcipitac can hc dn.d rd
w.igh.d 10 i.Eal rhc moft ofcebonyl compond pdsdt

A nsbcr or wrll platie e lm.d by addtiion+linimtioo ddios Th.
oa /'u,rr'.rryr'e Bins Grch s nebnire rnd Fomi€') arc poly?mid* nlde
bm 6bmid. (UE) and ndbanal fod,ldchrde):

IHCHO'4HN .  \Hr cH. NH.ONH) 
"  

Ho

Mdhod cdbmidc uru-fomaldshyde'rcsir

BakelirE kfom.dbycddlErrimpoDmedprioDftonphonol.ndnah{ial Iiis
s r\ffio{n nsErlti5 | I

Mdhssl 
fr\

cH"-\FcH" t6f cH,

r"Y

Phosphoru(v) chlodde i.rds wnn cdbodyl .onpounds, E?lacins lhe oDrs abn

R,co + Pcrr : &cclz + Pocrr
Chbnic rc&6 h crbonyl compouds. Th. hydtusd ofs cd de a erbm
rrons (hosc adjacm' ro th.dbonyl domt 4 esily sb*iided by cblorine
domr TNs is bsausc rhc el*bn-withdnwins slf@. of the cdboiyl srcup wcrkcn s
lhc c H botrds. wh.i cnbnnc n bubblcd thnush ctnmal hchlorcdMmr,
ccLCHO. is rormcd. Fropaoom foms a mntue ofproducc. and bcizrld.hyd.



cHrcoclrr !r:- cHrcocH,cl q, CHrcocHcl:, dc.

tn /tt
C.H5C:O + Cl,- c6H5c:O + Hcl

Tricbrorethssi is 3 colourres riquid caled .r/o/ n cofbi,.s with sals 10 lorm
a colouG$ cq!,Irn solid, .,t/ozl ,tla's, corcH(oHl. onoBl hydrarc vrs

rr condeiss wirh chlorob€nzme in rhe prc$rc.

.  / ,o,  ,  r -cs- la) \  .
\:_/ \:_/ -. \Y/ | \Y/ + H,o

9H acr.

rheprcdd, 1,r,r richroro:,2bis(a{ o,ophcnyr).rbanc@Dr)isapw4fut

Mahyl .dbmyl .onrouids, ie. co

give chlororom. cHclr, {h$ *ocd with an aqu.ous solutiob orsodium .blosrc(I).
NrclO (or wnn cbbiin. md Brk,ri):

/c:o 
+ oH r cHcrr + Rcol



to&fml@ cEjcoR Il pok*ium bbnide d pobssiDf iodide i: dissolv.d itr rb. udinc miru.,

...anll6, Akoholr ol fmuh cHjcH(oH)R ac ondi$d by sodiM iodrt (I) !o cH:coR
cr,cr(or)x hd rh.rtrd. dE a positive iodorom ks:

cH3cfiroH -!!g cHlcrao !!!- crjcHo !!:- cHrr
Erb3nsl Tri-iodo-

3i.6.4 'ALDOL REACTION

Ald.tsd.t ad ktua In th. pGm. of i dittr alkat, 3ome aldcbtdG md kftod dimds. b fod a
hydbx}labdyl ompound can.d r .liol. The cubooyl onpoud mu* posss

ir.\e alLrl t di.n,,. o d hydmsa a@ (d rhc ca6o arom adj&.Dr !o rh. osbonyl sioDp):

* ' f " r

2cHrcHo "_H cH3cHcH:cHo

oll
ErhMd r-Hynio:yburu,r

Merhnd md bftdd.hyd. do nd hlw c hy&oe6 rbms dd do not dim*ise.

31.G9 ICANNIZZAROFEACTION

Ctrbmyl ompoDnds wbicn mbjn io 2-hydrccco abis ecl diffenrry vfth
ab6 ndzEo ka atksti.'rbqvdeqo tne Crnizro Eaction, in *hich

CMdrc EtdM r.dsron b an lkohol @u:

2C6H5CHO+N,OH 
- 

CJTTCO'Na+C5H5CHrOH
Bmza]d.hyd.

zHcHo+ NloHi HCO:Nr+cfiroH



R_caN x FEI

cHrcHo, cH.cH(oH)cHrcHo

R caoH

R-c/ cl

12.2-tj.+tu dJwzr \ct h tul ) :

.Ii + OI.I ](aq) or wirh NaIq

TlE fotu'on ot i.dofm is

romda cHrcH(oH)R, vhi.h
e ondis.d by I: b cHrcoR.

:Ho'sc"4*.
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:i€ cHECrOOrm 31C: nEACTDNS OF CARBONYT CoMPOUI{DS re

(n p@me ph.dyrhldrudc
{.) pdtd.2ircphqltDdruq!
1r') bubrcrc 2+ddbdph.iysyddme
G) th. hyes.'6ddn& aDpood of b@dddr&

(.) rh!FodudoidudiEddoly'isorcycloh{c .

k) c,rrroo4 + qurNr rL

G) czHrcuo + I&Ns!)rl1aO l

14 qHlo{:cHclro + 4 1-

G) q&cq-ccso +NdEi +

4s6EMHdd3df'td.h}d6{mbe.&
ct@ri'o,o'Ldm.d.m*hi.h{.m.shedby

7.whi.hofthe'ol|wii83ive.'$i' jEiodd@kn?
k) orjcoq4 G) GrcHlH(oH)cH,
(r) cdrclrcao @)rcH.cxo
{. m! rddiid oidd b,hd &d b b.Edd.bdc

9'oflhe6@dsl'B,cedD'*r)ilh€n'dod
(a) urdqes rhc ridol Erdim, (r) 3i€s.poljtw ioddbm
rqr. (.) 4&@d d'. cmizuo E.dn @d (d) i.

^,cHro{,cocHrsr 
B,cHrcnrcrLclrlcso

31.7 'THE MECHANTSMS OF THE'REACTIONS OF
ALDEHYDES AND KETONES

'n wbid dd. rtuwi4s obeobds ru6 tsb vd
$dim iod (r): GrcH(o{)cH,cH?os s
cHjclr,cocl,,'1E&|sjnplcbdedluk&pNdd

alThsnpddzrdml{i.dyldilmrcb.eMdu|
l&irynMl'wrn.lulhdujfoddr'!dryhit

Ald.byd.i 6d ktus pors* &. Dolq c&torl Edp

cdhoyl conponds unl.4o ddjrid iecdons md 6nd;ird;i i@dd!. Ihqc
@lwo posraiii.! 6 b. mndddEd: di. t ox'€ i &n !qln_i!!bonr{ srop
nrJ re.cl vjtn s .ldtllhilq or rtc t+ crbon dm ol thc ceboryl srcup nry

3I.'.I THE ADDITION OF HYDFOGEN CYANIDE TO FORM A
CYANOHYDFIN

CN



t

'rhc nr. of lwrid k inc6.d bry rhe preMc or a ba. md d*6d by hydos.o
ions. Tni. ir whr! suld happd f lnc .ooHrarion ol cymid. ions w a crucial
frcrd. Hydrosd clmid. di.sociars:

HcNlaq) + H2o0) + Hro'(&, + cN- (lq)

r dfusiation, vhit. addition of hyi,D;de iod
ttfu kftnc tuA.t rcmov6 hyd6€.n ions od iideases inc degre ordi*eidiotr ed .he mnc.nrdi@

ed.hining n.p B.D.s,) invorvoE cN - ions.
Th.E re lvo po$ibilitis:

c:o + cN (30- !:
o8

Ir l

FI

cN - is ih. ,1t@* d a podiive iotr. Ttis qpe of €.ri6n
b. lbc d€{.h'Dins sbp. rn t2t. cN - b ilvolv.d 

'n

|do bdla H 1 (4 bd r n.gltjv.ry chdcld
[2] i.rclv., cN in !h. ribdecmining sep, md is

Tr. propos.d robsism for !h. add ion EctioN or 
'ld.hydc 'd 

Lehres
fu irrurhr.d by &E romarion of 

' 
cyfo[tnin:

scN(rq)=Hr(aq) + cN (aq)

A COMPARISON OF ALKE
COMFOUI\IDS

'Ine addirion mctions ot crbonyl cupouds cdb.Jr *i.n 60$ ol rl*.nes. Thc



t r$.rdd onoran(koph14Ntr GB cN )rr im

ihe tisL s.p is ln. addi.ion of o clstrophilc {..g. Br"' Ba I
do4 nor ldd ro r ceboHarbon double boid b(o& it k rcpel.d

/ t  \

Cdbod is le$ derone,sabvc than oiygm, and this ti?? of sDei6 is atrcb lcs

/ l

,. lh.lomaijotrdbd dieoodb'diibsodcdup

f (i) skdd rh. sllv&d lonpcx 
'h 

n 6ncd h 
'hc

(i) srerh rhc inrmcdi{r h r& rce'bD
HCN r CHTCHO -G!CH(OH)N

G) whi[ ofr]E ilo sp*i.s, rie r'i&d cooph h
k) q sc hrn€dnb h 0), 4tsd3 b rou b be ti!
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31.4 'CARBOHYDRATES

c,bohrniaEs e. m imp.noi .du,ny @cuitrg gup ot omponDds whkh
cdkin cabonyl gidps. This groDp iocludcs sugs md.@[ cc[u]os. dd s

hydft@ is d6iv€d fon d'c moreuir rmohe
of rh.* coftpounds, *hi.h in doy cs* cm b. Mifeo c,(H:o),i e.&, slEcq

Cai$ohyd66 e polyfscdoial. Gluco& so rins riv. bydnxyr goupr 4 we[ s
m ,ldehyde soup. Iflds. .dsbs a k4one stup, Botn gwo$ hd tuG.
hare lhe fomda q ,:O. dd de nooslehtrid.s:



hdop tE diwd'ri{s ud by szJnes b mondaccheides. srcF$ (cm. or b*. $sd), nrbr. (in
n.lo sd 1.c16. (in Nlk) e !h. c

&e4 , d@e i4 nqbqk riM br ,he !b6h d

s!pw|!!l!seoddd1n!fucfu.|huIb

ffi
ffi

3r.4.2 POTYSACCHAA|DES

sbt l ii tud. by S@ch ha cdjllo* e 9oly$€b&ids. They m polynds ord@R Srzrh is
l,rd),'r.ib... fomed 3s Ircsuu ofpboto,y hei! in E4n ptmh:

6.o?.s) 
' 
6H^o.r :?i;:*, cJ".o","q *"o ..s,

nc5H,zo6(aq) + (c6H,ior),G) + ,H:o(t)

...a kllt tht lb tk srmb is tound in porsrocs, ccr.ik dd nce. w h iodinq ir siws m inros blue
hnnoid 4 a bhr ekw corour, vhich ir uscd a! a 6r for iodbc or for ddch. Skrch do$ nor redc

'lJoliI.Fchll'c,s$hdadtrTonds'fjged'

". 'nd 
hvod.oo.m. tJrce

';^;; 
,,;;: .::,

*hich hvd6lF. c.llulos.



d r.1dii(fE!!

5. s!.tr! dtr Grtroo . rturrNa! \u, , t) audli
rdxr uD DaEr^rc(r r rr. Ltrhru,

rdrc$r;L0rln ()...H o r!$ i4^i 03.!*r

rL.!r( ( ri r.1o{ o.hsr rrdr(r! orrdcda

$d Diu! !  6rrd!^,nr d P.ha

!!i ! i  un i iosf(ihorr $6 !i!d rd{L fi I R

.:  H O \  PrL$!po( i ! !  l rduut i . i lLuw-r

f 0. oituid!..H,,o.. rur5 \iL dh o! {i i jc,ire
r ' . inn R.. 'ou!c,H.o.  a !o{ndian !d

Nhrc Lfdh! rrd Dcdrc! sc rdq(r o: a. od



Nine re 
'F 

d Qdh 
'tu' 

t hlug phe r (6)r )

.rnradoy|@npands{di[^'

I in 
'drhrlndoruid!(lrr) 

o der
nd! lhd ry4 otuadioi s b!h8 pkr n (.)(i) {bow

nne dd ryF d etdnu 
^ 

kk4 rha u (ir)( )

\ 1.6!irilofdrcrend tro6 hr 6c rodlr i (rr0

twrEc {l

(rrq!r[.r)(Pvc) no dr NoD Dq

. in D red! yrh 3 dunnh$irdl) s[troo k] s!!

r I dc snDoune 
^ 

h E 6r mnc q (rloddrdJ

(wAc{)

r. k) Lru^d.6r r c si r nad! nom dhud 6r

(D D.rv ! Ltdrd disu b iN' tu 4rilrs ufd h,

(ilJ wn'r { bdr4d ln|1{d'i.tr 10 srN]
(r) {& orrru d dt"'or o d[!m

(iil) wl'y is il r&!$dt s ire6Ll b dniL otr drc prcdNir
(r) (j) wtudsn11L!4D1lor riddneft Dd&nDft!
ft rdd lioi of Hc! (h d. D6$e d a s@r anoud d
(.N) b eduEr. &d {ddD yhy rhe pr6us d(cN b

(u) rhc ddiu prcdld ton (r)(r) ui be ucd ro n*e

w0b}nrcstradicidFtlg*!!br*.P.cln,No
*nh bdl 4@s &i n ljrs ii add. o. crr r.oi
DnvnrudurbmdRt fdPridardrtu$rrdE,yF

(o ' ! r )

|dsim didDnd{(ar) q eih qrcor ttunne

(ceD

tr G) (r) BiLhrtuFtredFFiduod{eolddroo

@Dpxeftddtriqdh'n@cobrcDidcbPrcpnr{ih

(it Bdh 8{dJ rd pNFrcE iD\' Joft dd,tr4

(rr li) onr N a udro$r 6r shlh q nd r{d] }rh

lii) sqs{ a ndhod by vh$ dcrcduatondrhm

l4drutophL^y|h}d[a&nl}b!!!u(qlqif t

(Atr89'.S)



32
AMINES

32.I  NOMENCLATURE FOR AMINES

himry,sodaqand Amins de orymic d.nv4ivcs of ammonix. They {e clasifi.d s pnr.ry, saond,ry
t aryll',2',3') or or.i&r dire accoding to rh.nubd orstkyl or arytsbuFs dfuhcd 10 rh.

cni ,a ' . . .n i togdalom,Ermp|esre:

6

^r 
annriic minc hs dc nilbgo srod dnedy d$h.n b ftc aomxdc nns. r,

phcnyln.$ylsin he dioed dom n 
'o1dift'ty 

drached ro !h€ rins: ihis i ndr
rn Nmatb uin.i I n a ph4yl subsirded atkytmio.
The syn.m of nming is ilrdrfud b

cHr-N d

6
cH.

-^1\Y



.d 6 alyr,substiiurd mnoni@ s!lb:

O1nd nitoscn conpoEds Fi[ b. c
nfujles. Th.y r. .m.d 6 ddiv.livs of ei&:

cad.,ticcid R c oH

Orha ddivariv6 of eGs *hich uill be

20
teid.htdd,' dd Acd.hhdth R-C-e'

32.2 NATURAL OCCURRENCE

compounds with anino groups are wid.ly dirlriburcd in i.ruc. Amino acids, oa
romda H:NCH(R)Co2H. .c the huildil8 blo.*s lon vhich prbins rE @d..
'Ilren ch.niiry is dsml€d in S 13 t 7. Th. s.y in whicl hydbEln bonding bd*en
anjno cioutt and o!h* sroupt nrin
proreins h inuinr.d in Fieue 439! $4.73. fte bag itr DNA (doxFib.trucleic
acid) aE amin6. Hydrcsetr bddiie baw th. bss nainbil .ho doublc helic,
slrore ofDNA 6 shoM in Fi$B aa{ b a.a3, 1a.7.3.

min6, e.g., nolpbjne (a Doftdul pa'nkIbn
t$ 35.21. dJr.hnine (a pawrrul p.ison) rnd LsD (3 hslminoccnl 035.21.



{

l

32.3 PHYSICALPROPERTIES

! Gp ro crr r. sss d,oom tmptrdure

.n or tl,u norcdr. r! d'ry sprrirg

DDrmr'H4r'{meDb{shNano
q,nF$idLndhylJnnemdtimdhylmtr

v!r..t Merhylxmine n nrde b!

cnrolr(d I NIlr(g) j!5 clr,NH.(g) + H:o s)

nirfudu. or ehm6. ror i.' iu.r dd rlhi 6d

I l [y l l i i idhnxd. in] l id j i r tLuy

32.4 INDUSTFIAL MANUFACTURE ANO USES

I
i

rftc on1!5 ftr2 r0.rl r 
'\ 

dfivar!$ tid us rn

(r) Redud'or of ii '.oberer. c!HiNo:. bt
(i) caraljr,c rrldfugenlfon, or
ljir noo4id l,ydmd,Ld,i. rcd (!imLrl b rhcLhqroryndhod fiI ? t)

n thc prcfnceofoppsir) oridc 6cdrl(.



E
DISASTER AT BHOPAL

hdor' nakjdg I psri.idc .al|!n cub{ryf q ssinr, on $c nishr of rhc &lnror

e compant m€dralo0ics told doceis rld rhe

+ cHrNH?(s) rcHrNco(r) + 4(rG)

. r:lira'o
r.!:_r\r_l

Arfir{d!b^jn Bhopd thoud' th. sa wa rbosgci. (r!3 c) b(rusc phosse'c

' 
mor{nrs rhm mdbi noqredc

(rb re'c) and .k b*Ns! 
'h€ 

srs h
ju{ a phossdt dos. rhe ertcb o

bodr 1o crbdn monoxid. md hrdros

or.ymide as rllLoctanalc, CNs



I

I
I
I
l
I

crrjNco(gi :oH



r k) why do pspt h d*lod4 audnd [* se rhc

(n whd cd b dor b hp!o( th. .ha$ ot rb! rdcd

O whr k Udd ebid..bh roFt iwv$$ 1* stiEd

Th. ntuos.n aron in slrrmoh ha a lore pan of eLrton! *hich drble ii to ad
rs s bas.(!x! = 4.74) I012.7.11. h th.3rn way, uinB rE Pal bas. fteir
$lutions m !|ralift, ard rh.y rd w

! (d) M.t Fsdbtr edd uiioi cribtd. h.€ sktr

(r) Atu 
'he 

sNir.ni iad hippd.d, rbri sskuic.
@uld unio! cdbi& hr. $wtr ro.he injucd?

E uidsl !r sffi h re6 ft r0 cP

32.6 BASICITY OF AMINES

cs.lN: + H.o
\ ,

H

"-i, .H:o--H I H

ft. cas mcrhylmine lds ih hyd
ndhylmmonimchloddqcHrNHiCl . Thc $i. n involatilq oddun*s md elubk
in w&. Tb. addiiion of i nrong ba*, .uch a. .odium h)dnndq lb6abs .he
welk ba$ nethylanin ton ic st]ll

cHrNHj Cr G)+OH (ad ' CHTNHT@ + H1O(1) + Cl (aq)

rnn4hrumincfomstimerhylmmoniunralls.c€.(cHJriIr Br,and!h.salt
of pheoylamin. rre carkd phdylumonium $lts, e g , C.HrNHi I

ltiphdt aniw d! d.n AliDho. amincs e *ronger bas$ th
htlit hh mtia PsniE chaqe in th. alky'{mnoniu

md r carbon aton. This distibution olcharsc nabiltcs rhc.don tumdic mines
wdk! htps heea6. .t arc vcsr$ b66. Ile cleton pai d rhc nnrogen arom n paiilllv dolocaltu.n bv

th? detutitutid al ttt N inrnsdion wid th. nclcdron cloud orrhc bmzme rists@ Fiem3211 As3rc$h
/,Ls et ol deldilisarior, rhe lonc pdn t b$ availabls for coodimton to r prdo!



nt baft\

Suh$hcnr in rhe beoz.ne ias alt(r the baiciry or phmylminc El*tM domriJ'g
sDups,.s. cHjO dd HO , speially ir !h.4.p.sition, inciease th. ba.icny;
deton'silndn*ins erdps, e.s. -No, ud cl. d-rea. rhe bsiciry.

32.5.r NOiE O^l AMTDES

I
l

G not baric Trc cl*ton'rynnd$sing lhuder or re carbonyl soup reduces the

,

L DEp nadwd tomrlr tu k) dhylndhyloopyhmiie,
1r) ( Lndhrrhdll)xniie. k) (2rnbrc ri,hyrhqyD'nhc.
d)did[ldnedyrennoiundbddc, G)rrr.dindh]L

clrhDrc dd (/) 4{rrcPtrtryrmiq

ft,

1 wf ch oa rhr rolode hd 
'hc 

hid$r boihs

rciE.).N (cH,cH:cs,),NH cH,(cH.).Nr{.@r€

\.:



32.7 LABORATORYPREPAFATIONS

rrr r\tr //,r 4 
^'nnorii.nd 

i harogenorLkaDe (itr soruror ii dri$or) rc ricftd roguhfjd a
\^nu?.,1t' , t o, hmb G i'daL Lo xin$ *hi.h \iruhra^d high Dr$nrc):

.  PiH \

. ' , ,  (cts,) .N r

ni.a of atkati b ribede rrre ire xmin$. foLloNd

(.) R.d{cdon or! Nhir€, R (:=N

lgcd rof (.) Dd lb). rbc us! or!n a

lc) ueduciioo or s Nnrc-comeoond

rcdtrtbnd ),ro: rjnor I chloide n d'ade h thc radrm m*rurc r.dn rir a'd h)dr ollit,n ! aljd I5{{
Frgurer:rl.In reduqng rhe mro conpouid. rio00 lhkddcn olrNcd b !trov)

o,c_.cid b rinri 
'r 'e.omerex:od. 

tsicLit:
h4i&,rtutuit:Itrtt rhe Erdnn produd F thsdore (ciu,N tr,)r tsacr.l: rheaddniorot

.4/'tuhn d qrcdrulld eLkri L

B oheDlraDine rio



(?) cHrcq:csr i (cE!)icNtz

FROM AN AMID€ EY THE HOFMANN DEORADA-r|oN

The dior of bsmilc dd @nc.nhLd atk.li k ro convd u mid. or romula
RCONH: idro m mine or Imuld RNH,:

CH,CONH, +'q + 4NaOH 
- 

dITNIL + 2N.* + Nr2cO3 + 2H,o

TbjE ,@ioq rhc Hofn:m d.s€drtion, ftd'4 rh. nmbtr or3rsm in lxc dbon
'cbiin I! 3t31.

cfiEcxPorxr 32e PhEPARA1oTE 0F A lrrrlrFs

k) csrcE?d + cEjcsrNE?
(,) csrcHlg - 

crcrlrcll'}q,

/=\

\:-/

,a-,

,/=\

ollErc.djoiftDdedt!!@hechjIgn.d-dk!in.d

ddeGi d hoF il i' 6!![t ,un[d.
}fupl.olh.roowinsqueoE,futanry4!s46

(d) {cHr) +qsJ -*

(.) qt,oE+ NHr j#ii,
(d) qsrcoNH. r!*Fr c,H,crlNsr

G) qH,Brixr(qHINB,

$lq'id E, udqd orly r.id md dkli &d ed'qanur

,r,O-*, - ""@*,
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32.4 THE BEACTIONS OF AMINES

Acyldior is tb. corwsid of rhe lops

.-/"

H

/ /
-N, hto N ,R

o
Tdri,r, ,njr6, having tu EplaerbL hydrcsm ,hq @ nor ocyl.r.d. Thc
cmpN& fmed * rnrda Tn. .cyhriry rgrd m t! h eid crndidq
RCOCI6, !'ddably, u &id,nnrdrid., (RCO):O:

N
\o. . . -" '

2<Norphdylmino alhdoic

HC

/r-(2-cl orophoyDdhmmidc

B.nro/do b rccorpLsl.n b tu us ol b.DToyl .h orid. ,rd b .r$ d ilk ]i

\d

-\-J+l()  0 ] !e!e-
s/

|  
^  

t  r ' raur\oad
| / \ 4u4ru4 dnmatn
t \

i""ra
=2
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AnidB G $lids. \r6d pN, ttcy havc sh'p r.lhs ldpd.rus. Chdisr ond
pr.pe d eidc *h.n rh.y wmtlo id.nrily an mioe. Afrer puiqins rht ddivdiv.
diay rnd ib n.lsAs rmpqdse. nfl fi.y rmk at bbl6 yhich li:t tb. nettios
tupdNs ol mdy uide!, B] idenlisios drc d.rivoriE, rh.y h.w s@..n.d in

Beozoyl dqivariv* have highd ncltjns tupdrtrG rh4 for exmplq.rJrdoyl
and popeoyl derivdiE, dd they u. ona 6.n lor idmdryiog alm6.

AI.KYLATION

Hdlogsodlkm6 r.rc1 snn mmoni. od virh mio6, ftpllsins rhc hydnxd

NHr !l- RNH: -.::- aaNH !l- R,N \ R.t(rx
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HHfi fl:'tr 
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{CHJ.N l k@e'nylmmo'rud odde

REACTIONS WITH NITROUS ACID

I rd'iont q'll n'hu' "id 
si' t i :s s

.;::;;;. .;;tu"d. .',o'" *d jc.
ora ditr$d,od oDsodium nibGar )-L trrsm )41

Alpnadc pima.v min* dd rd{is piNrv dine' rcac' to lm I calotr

Mpounds roF Dnmrj roL t moe

lll'lti.-*.-r,".i1J1' n*'.o "i"'"-Po"'r''"a*r-";t'ai"
ijr'ro ii;a'".*..*p"-a"'os F,* 'toh'G 

min' dnorF@Io

i"ddbo6, oDs,{irh rh.dididrioo or ur6g6:

RiHr(aq) + I{No,GO+ R-iI=NGO+2H:o0)

R-ft=N(,q) - 
R'(a) + N.G)

I



lunbr or {aF. ro tum ,n ,lk.ie, d
Hcl(aq) pFs( Rcr rDd RNo)

d romat i ! .4!  n i '  d ld( ie. i  Nos.ur
s doduccd) q nnrous acid ro rorn
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ridnhs ohrDJ-rDin! 1lhm.x[.d xn,rn.i. I

i .g jdJdighl l l [dmt!n ' | iLdle]uiLlb| .

$,ci ldpr){ ro ni.kioddh) rE

32.9

H



32. ' , t0 DtAZONtUM COMPOUNDS

rndnnreu\ aci'l Th. rcddtr n!a;

nor unrii ur65 lhrr xcktrlr pd fosa

srs,a!rt#. 6c \hcruE ot ich

n- "l-
^ N:-

?&)ni v* stinllakd cd iitr{ in orsanic chemsra md the
hrren t 484'i. .ommo l possjbilitics shicb n ojts.d ftc oidali

e rd !h. azo dyes rn 1369, Prki riled
t th.ipd ItEfin 

':t 
of'hcr{dd}crizrh

/4, /1c1 patnr r diircdr ro e b,rizani

rhn Me in soflhric rcsirlh. Hs was kDighct
in 1906 rnd dicd ii 1901

md! df (/) sri 3n dd (r) !0mo^d1

' "  
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'{ I O + NaNo.GO +?Hc(a) jr1!

'  
,oo,, 

' F, | "' ' 'n i
gloup.0berelkedbJ'nlunberofd'ff.fu'gops'

REPLACEMENT OF N=N BY OH

n=N By HALoGEN oR cN

mdi.r{. rl-N B rpr""dr h, cr.

aFqmtreigmlmdmk]yn''I]r

n-
r-A,

.h vctDi,c, thet 2i,2 ot lbm.d aftl th( djrbniun .onpoudJ.
,rs,rr g12 m rl$.di.?o umco



32,rO.3 COUPL[\TGREACTTONS

Diadnium ion! & cl*hphil6. fte dtuzonium carid virl d!ac* rcdlyc nucrophiric
!ir6, $ch s rhc +pciiioN in phdols dd emdc mincs Thc Glclan €trus
in rhe lomarion of a -N-N bood bd*.h wo mmdc dnsr, md i3 c,rbd
rro{otrp[ig, Th. compounds fom.n e hichly colourn, dd mmy ft uscn s

*, ' q.€-i-*" *

Sodiun,l-:ulphombtftnedruoniutulid. N3phrbalen-2-ol

\-=H3. Nl qs{oF:x{Q) 
-nxr.cr

16\
'o6Ae I r \Y

(rh? so3- N.' sub$rtod n r.s

'2,IO.t| 
THE IMPOBTANC

Dtomton .orynd: at csibiltly oI rsli.hs a Nmbd or bflb.
6rr'fi rrflrAa d.ddiv$ *hich cdno! be nade di$tly frcn hmae [Se Fuw 32,6. ] You

saw how Mloc.nosikm.s opln.d W &. @r.

Al*lE'PJl.Eohgevor@4R'x.Ry

!h@ Y .s bc sy or a numbm or soups. Haloemoseocs ft not v6y Edivq
sdjti:oftend'ddjmconpound

,l4ne , Nittut2tu - ltttqhc ) aoltu Nthtuud j srb! 
'!4 

nh@

@ "--" .6-* ' -0 '* '+ ' ""-
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o'UATERNARY AMMONIUM COMPOUNOS

s.;r', = dhdolli .rrrh. ir droYi btlo{ ) whm I \ oLu trrv mrye *r n riiul td.

?cd]|ghoLiisEnfwhi.h.anls$t

enuync ud ils srbsbde (c e, adr-kholiDscr.r and aldll.bohne).rc dBnibed

cn.)rNlcHr) !N(cH.),
1.10 D(,niidirllmmooittdc!or (,f d..NdboDium )

\me.xeirlchoLhAtnsetrPrclcdln{in|'i l,n.d

,/_t

(i,) pb!^nini.. (t rrod. ti d qlbqr4q (r) r,r d
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crLr.o:H + H

(r.d1cr add



similar way. rls lho us€d ncdicitrr

^ne.i.$ 
lndians u$ it t, ip $eir p

nblc ecrylcholhe io nructurc rlso irhibn $c
a$s G.s. DFP) work in 

'his 
Yr).Iisn..dcids

like Fararhiori hxv! $. sm..itur oi inkds

,/=\
l . rH.or:P o 1( )F Nol

Dl( rndhylcthoxy)ilrc.ophosphde (DFP)

Prdnion' and simiLar inldicides cm ar@r

r. D$'ibe 
'tu 

pqanNn or k), rnmPrcpanc b@
rNpr€ @d (rl ph{yhhiie fron b{4nc cic o}

14) dro&retr, (r) ptrnyhn,iq k) brcooto4o!,
1r) idob{4nc iid c) r i$d eoonPoutrd

soc!€H.N(cHn,o

Thi6ndagitirboveidrdftniEdld,,.'adli&.

6 s/&tu[i <ir'.4 aohob{4ndrhod! {]d. r Nd

13. A @npound, A (c.H,N) n rcducd by LiArtsr .o !
(..q,,N1 E6uolhtror orB svs c (ciHjrNo). Nid

NroEai4s Dlc.{iiN) Fu6s rqrned or D vnh

(crsioJ rftii.d R.du,badFvnhLi^rqisisc
(cra oor. rid {iaiiaid slso! ioMns c hb B
(crsN) rrcdDor d s pih sBr sis (G,)rc3r
rdo'it 6{ @npNd! 

^ 
b II. lieiia Fu rc66. &d

d

16r
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. ..'1l->"-"1+"'",
lrphooi erd,l HoiscirrLNn:. md reiy {nie

n. 
^ 

N lhm ni. (xiiho a H,NH], I rFsr bddi.
@rcqn d. Nr r. arcup dnedl dkcbd Lo r1'! rha B
n (phiyrnd[]r)Nnn. c!Hrcs.\Hr, *rNh m1] e

{r ' , ( . )  r :0r . / , (H)= 101 1,(N)= L40r)

(rl tL)odrcc6crcsrniotrd
(rj A ron ntroh{4tu. c.H.No.
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33

Ths chaorn is devoiln b crboxyric aci& aDd rhcir drivrrivB Th. o.boxvtc
acids ddived t6m rlkan$ are sond

RcorHlaq) + Hzo(l) = Rco: (aq) + Hro'(xq)

RcozH(aq) +oH (4) 
' Rcor (aq) 

- 
H.o(l)

Th. {1r\ d usodlr solublc in {ate
$hcr ftom ndural $urcs, and G ihe rcason \rhy ln.) sqe 3nons thc [6r orgmic

E' \ ro.  .  
- '  "

burandic (buryic) rcid rnn butq! I hydroxlproPanoi. (lcrk) scid ftom $ur ftrk

^Liphxric 
ctrboxllic xcids wft clllcd rrnv

ehigh{nembd{f16,

jm.ll Pl,oin]! a!iJ)

ORGANIG ACIDS AND THEIR
DERIVATIVES

33.1 INTRODUCTION

acJhd} lg loupoia$|phNic{ iEoup

33.2 NOMENCLATUBE FOR ORGANIC ACIDS AND
THEIF DERIVATIVES

Merhm.jd r.id (tomrr!cntd ftffn ed)



Thc c m the -co:H sroup i3 alwals siven the nunbs 1. id subsdruedt !.

cHrcH:cHcH{orH Pcril{noicadd

Ho:C COrH Erhmcdioic did (fomtrly oMlic acid)

CH:CO.H Butscdioic {id lrom'dl} sudnic acid)

Arcnsiic carboiylic eids m nan.d by lddirs rh. surr utbar!]b atdb the
nam{ or rlic psmi hydrccdon Alknativdy. the sdnx {n ffid cm be N€n:

€ts* "-*"""! 
nd .r b.dz.. r'd,

33.3 PHYSICAL PROPERTIES OF ACIDS AND
THEIR DERIVATIVES

rh. kEr atehdr d* The aliphaiic adds C'-cr rs liquids Arhydros dhdoh x.id ftrtz$ { 17'c,
dE ku* dd n ons mlled sl, tor dbmoic &id Thc boiliig tnp{durcs iocese riih

is a r% solulio! or dnmoic dd Buhioh a.ld isthcaub*mc.you smdl in fmcid

phx$ iid in !,|lti.d ii orcmjc solvcd!, dibrisdion o(m,

...nnttokt t hyttatdl
/ , . \
\ . . '

dcLboilinglemPqdurcshlghffLhl



B th.tkn itdtutth b fm lMdB D oil€r b f@ byd'osm bor& ro wra bok'ne.:
bads b wur n'lnl6

2l
R-ci I.b l

R-C

CHTCONH: Eh...-ide

cl{3co,ql{5 Erbyrdhanode

"*-i;.
"^;

I

,  i "

"'"'Ui HH

ADid6, *ith two byd&c.n aims id.rcb @N&coup,cmrornnoEhydosen
td& 6u rids. Eled the lo*6t n.dbar ol de $deE Grc.p! IICONH:) d.
etds. hm tisiq boiling tdpd,tuc
liole odou. Tn $iily b llm hydrcsm buds sith we mol.rul6 n*e5 did6
dm sohble io *ab ihe orhft !c'd ddivdiv.!.



riles lorn m h)dmgcn boMs Erc.pr for
ml,ydids, dirr bo iJ,g rdp{du.s m lows rhan rhose of the .ofcspoiding

he rokcutes, arisios rion rh. poL$Ly or rhe

Ev.n de lowen n@bss ofrh. si

Acid .hroida e. !oLoun*. tiquids
etion lnhydnds slso have I punsenr sndl. Artnni. mhydrides re s.tjds.
Elds de oroule$ liquids *i|]l pl.asd fnit' odouis tnmpks m
cnrcH,cHrco:c?Hr ntt6nrno^e <ople\rul

cHrcoz(cH,tcH3 ocryldndoak ozngedlo,r

Th. $lr of.rhoirlic Eids de eh.rovaknt conpounds bd @ rhq€torc mvotnite
crydrrline solids. They ft ofrn solublc $j oi dir$lubo4 th. ids d hydraied as
rbe co, gr.trp fom' hydrcsd bonds *iih wdtrnoteutes Tne ows ndnhs3
ofrbe sdes a. solubh, bur ii hisher ndb*! !h€ ralge bydruebon pdi ot rne
fohcd. m:*., 6e ompounds idsotubG

33.4 REAGTIVITY OF CARBOXYLIC ACIDS

The a.boryl lorp h so nm.d b€ause n codains a ..ronyt cmuD md r hydDj/
sroup. Itc two soups influeDce clch oih{ ro such f {rrcd lhar rhe m.rio.r or

cc ro rtrosc ore h$.tubonyt conpounds or

to



Cxlboryli.ftidsmnulh lukcrrh
consant.( , f . rdhaioicx.dnI N!"r 'n, ,Ldm $lr7.4l  r l lsme$lhi i i

ledls i', a rhousrnd & i{ni5cn srbnirens
rrd rhe nrcns'b or ei& tc i u ?.7

cqHI\{ f1sue3r 1l

I

33.5 INDUSTRIAL SOURCE AND USES

dioi* i l | 'd i imlnd,thtrghgMlmdhsoi !

IlcorNa(jq) eFco:qrrql



r. The rqid otddion of alkanes lcrcr) ftod peroleun .r bc ddjcd our al
hid r.dptrdm ild prcsm ro yield dhaooic acid.

cHtcozl t hua? lt@t
ptokm arittM acld:

cHscHof- 
"- 

cH.co:H

usn in !t. n.nuf@Lurt or c. fabric adt myon ind !h. drus ffliin $ rr.l2l.
ur.dud or thc sedkiller 2.aD I$ 20 r5l.

33.6 LABORATORY PREPARATIONS OF
CARBOXYLIC ACIDS

o\idotbl of dtcdkk. Poksium dichmmft{vr) sd pohssim nrn3anab(vrr), borh in acid solurioo. m

RCH:OH 
- 

RCHO r RCO:H

cyctoh.xcdc Hcxfer,6.dioicacd

lnrnan siL thaiar a'. Ben4ic acid ir oadc b' oiidjsing ndh)lb.mo. Itrdsfirll). rrr is N.d a rhc

-cHr, bLnzoi. .cid i\ rhc oridarion psducr:

,.=1 /'=\ /_ \
( : ] l  .H rrr  (L: f ,oH :"  \o l  .HcHoH
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Nidld m hydrolysd ro crb.rYli.
aq&ous.lklli or nin{d did The didq RCONllr.r xn inrtndht

PcNLrr :+.!+ PcoNxrr:qr rq PcorNd dq r NFJs)
' {Rco,NHr(rq)

.t-
fi-r)ry



de hydrcry$d ro ,rcohoh sd cdboxytjc std sdr whd 6ey e honed und$ rclu

Rco:R (r) + NaoH(aq) , Rco:N(aq) + R,oH(aq)

Tn. drbdylic a.jd is obidn.d by rcidii,ns ftc sdt wnh a ninht acid:

Rco:Na(aq)+ HC(aq),RCO1H(rq) + Nacl(ati)

k) cqr(csr),cqH (r) (cH!),cHcoiH (.)cFrcqH

A
tu l
Y o(*

]d

'?'c@pktderoloring.qu.!io'3:
(4)Rclro+

(6) fiC-CH + i &C-GCN
o rzc:cqN +

& A riquid a offohurs qHio, n bir

!mdl.t'fdndrcdbydqingsddrni,lioi,gls6dc

s@d 
"ih 

pho.phd(y) .hrdd! @ 8iw 3 ouir! 3*.

&idi6d,africcrysunii.$lidcwa@dpihid'on

v$ .dd.d Idldit 
^, 

3 ed c. ed {prfi rh. rcdidr

9, G) ouih. a ndhod ror m. .mKioi
cHrcso - cslc(oDco:H

r.) Hd{.dd yo! lhw 
'fiedl. 

Nd!.r tr L) I '4od4
(d) whd .tr d *odd pu qper thc 4id b h.E o' pbtr
pobftcd ri4hr? EDrsin Fu {Nrq

33.6,3 BENZOTC AC|D

@Epotre, {4) csjcszco:H. (r) cHrcH:cro,
k) csrcurGros, (d) csrc?cqr.
E:plrii rh. rt*otu ror rhc dq Fu iE.

(4) csrcoNsis), (r) cfircoNntr(aq)
.. hddi 

'he 
disri.c d rrc rolns of (a) buri' I J-dioi.

3dd, o) 2.hrmpmpanot a.id

's. Are@ii frdnof iift ing dd drcErh (d p[!o1.
(r) b{?oic rid. k) srboii. scid. (O Gchlodrhiqdc

lih G) .ord, drdii. @6rj!D Be4tqq!,
{n hor eidic pd*silm tuiemr(vr)l



VITAMIN C: ASCOBBIC ACID
vndin c n rhc ftod unn.blc of 6e viranins: it is .rsily detuy.d by ondrdon,
uhicbissp..dedupbybddbyabs.

HO C CH.OH
a^/

tp

'...\ 6
A$odi. a.id

vi@id c n n*d.d for th. r'mlj6 .f d$Es, tdh md bone. rr phys a bh in
rte dibofisn of cabohydEtes ad poi.inr sd in d. fdmrlion of idtua]inj
..@bnin, h@oslobh sd collas.n

Mby people t rim rtur krse dos otvibnin c ptrnr colds. Gh. t,tr Lins
Pauljng I* 14.231 *a one ol rh*.) It hs h*n pDed rhat n help6 soun& ro h.il

33.7

33.  REACTIONS OF CABBOXYLIC ACIDS

*.4.T SALI FORMATION

csboiti. acids roo selis by Edio wnn mdrl!, cdboi&lj hydiosd.arbdG

zRCO?H(aq) + MeG), (RcorrMg(aq) + It:(s)

2RCOzI{(!q) + Nqcor(t,2RCO?Na(aq) +CO:G) +{:O(r)

Rco:H(.4) + NroH(,q) r Rco:Na(rd + s,o(l)

The *olution orcarboi dioridc fm 3odiun hydroglncdbonalo i3 usd 6 a 6
b distiryli.h crboxylic sids tom vc
*i.n dk,li cm be cried our by tihrioo a$in* r *udrd al*ali b find the
onqhdd of. solutid ofth. !dd. A suibbh indiBbr nBr bc usd tS 117.31



.olid:, mon otshich F slubL in ens. Orsbic lcids
mixr@ oI pndrcG by dk&lvins rhc
qi.h a nhetut acid my prc.ipihe ft

-'o+H '

:"" io, 
*. 

iol
lelo, - ""oro" ' 6,, * n"oal +o- 

@ r"r * x"or,o

33.4.2 ESTERIFICATION

cdboryli. acids red vii]l ,rcohols in rh. pGac. otconcdhrd 3utphujc eid
ro fom 6rds. Th. eid dd atcohot e 60iled mdrt rcflu vitn tb. cd.ah&d
@id d! iharirly, hydrcsa chldid. cr be bubhled r6nuan rh. nirru.. rrrb.
dcohor t lab.lLd wilh rqo, m,ly.i3 ot 6\. DrodEs in d na; sDdomds dNs
lhar dl de Io is pn$dr id tne.*tr ed non. n in &c ea6, ihis @v.! rn.! !h.
b.nds in{ de bFka in thc @dd m:

R C\_-, + R

33.43 coNvERsroN INTO ACID CHLORIDES

In rhe s&ifiBtiotr ofrdidy.lcohols bd sof. &.otrd,J, ,tcohoki rh.E n

bond, bd rh. idd of 6h h tN.

,t comphlh.d o) ued odofpbo.ohru v,chtrdeP.t, d brsltphurdktdidc
o\ de socl: tn. Lb r Tm @nrflor a rh€ b/oodrk mlsoE

qH5co:H(l) + Pcrdl) r cJ,cocr{t) + poctro + Hc(s)
Propmoicdd PFpdnoyl.roridc

c6Hrco:HG)+ sod:o+c6H5cocl0 + so?(g) +Hq(g)



/.9*-"i

3:l.A.4 CONVERSION INTO AMIDES

hin^ R mde l.n
oMdton MlLt 6, tne diotr olde &id on mnorium cebondc (no. umoni! iolurion beau* ol
&\ loeqfihocid s.h hydrolylis). wn.b h4.d ro 100-200'q enh an ercd orrhe D&eot acid, rh.

dmon'uns, | l fd+'dRHlogEbemdc'

--9l.R-c NH,

Tle reao. rar rhe ?rcadcc or m .xcas or rhe fEc rcid is rbat motrium srls

Rco? NH4* G) + Rco'H@ + NH3(s)

Th. rdditjon or &id displs.s rh. .quiliriun ro rhe bn.

33.4.5 HALOGENATION

Htdwa M htlc a whachldin.isbubu.ndroushboilinserlrhoicetd.insunllgbrudinlh.pEsoe
pfufuh cozHm
b.ftpkedh!tuhce8 solid rhich melb a! 6l'C:

cnrcozHo) + ctc) ;*ir cH:qco:HG) + Hcr(s)

ll!h. lld ofchlodn. i3 @n!inu.d d

cHrocorHo -s:r cHorco:H(l) + Hcl(d l!- ccLco:H(3) + Hcr(str

Honologu* oldbanoic rid ft baloe.n{.d only in dc dposi.im. a pho$horu(xr)

RcH:co:H(l) + Bh0) !!5 RcHBrco?H *r RcBr:co:H + HBri!)

A3 ndrioncd pNioudy, hsroc.nolcids e dsnsfl aci& thm rhc pmnr rrds.

, 1-D b node lnn ChLled@dcddhn*dinth.nbultuofrh.lEdUll.r,1rl-dichloe
pheDoxFlanoic eid, {bicb is n&lcred s 2+D l!20.r51:



RcolH ---!rl!!^qb ,iiq- Pcn:oH

,+DEhlompb€noryahmoic eid

8dd is h.dod wnn sodr linq the crboxyl

To.onvcr I crboryti. lcid inro M.l.ohol. a poNer{ul reduciog sccd n i@ded.
Lilhiun, ldnnydiddrminar dGsolved i. crhorltrhlnc wilt eltd rcdudlod

wh.n rh. sodiun s,rr or I cr.borylic

@."."'".*-" O.-.-.

eid! HN s! s€ (4) luit hs *n.[ aid {r) rn ns

1 no!lodd prcroi&id & orEd.i ii lo k) a
*oD8s idd. (d) I butrq shno!! lt tr 7 i?l

cits.os - cH,cHlos)co:H

io$i bdqt 6 hr,)6mn rctr,rt o)!suo.uhjdtrd..
ri hJeosn lrdnnld (/) ih!0 rcrrh\JtrJq[mrok

""-{-!.:.".""





33.10 ACID CHLORIDES

upoi tre ek by nudcophils6 on rhe ,+
orhd uondic &id chtorids, rhe 6+ ch4e
ddm ir h$ susc.pribl. ro n&leophilic arb.k

33.9 DERIVATIVES OF CABBOXYLIC ACIDS

Thc ddivdivcs ofcdboxyih &id. rhd conrain s &yl group fc shom in Figurc 33.4
indd.rofdercasiogrediviry.

rhe rudiom or cid chbnd* depad
.dbon aloms. rn benzoyr chbnde ad

rhd n n ii aliph c acid chiorid.s.

CID CHLORIDES

bur rc hydroly.rd qujckly ro a crhoiylic acid
rd hydrochrdic lcid 

^liphiic 
8.id .hhndes ft'm. in foi! an b gire hydrcss

cHrcocl( )+ H?O(Lr - cHrcozHlrr + HctL!)



AFi{t s ee lod.d by rodlons bed

RCOCI + R',:NH + RCONR ?

Th. ruction h*.! pl@ @dily * md

eid cdorid;s md 
'lmdir 

or a pdmat

Acid chlorides, RCOO, ud myl chidid6, Aicoc! €d Eldily tiln phaols in
slkdin $lurid and *irb alcoholr ; thc pHace of prridine (i bs. which rdov*
.nc Hcr p,Tdused) b rm .!trs:

cH3cocl(t) + c2HioH(l) !!s- cH:co:qHro + Hcl
Erhmol E$yl.lhdod.

o
,-\ ,/^\ I

cHcocr ' r ' - ( (  )Fo Na ' ! \  . ( (  JFo c cH,ar -  Nso(. ]

Sodim Ph$yldheore

rrla d acid chrodde is hdlcd {i!h !h. sdiuo sri ofthc..6orylio &id,

cJ{5corMG) + qE5coo0)

Sodiu kopmql

S€ Frjd?rcraij lcyldid,023J.5 rdd Figuft 11,5.

33.11 ACIO ANHYDRIDES

Aohydid.r e inslubl. in we b

(Rco):o(D + lLo(I) - zRcolr(rq)

tuhydrida 
'Kr 

m 1 ,inila q,] ro rid chlorid6 lt.y rom.{.a virb 
'icorormd phoolr I* Fc[.3r.51; rhey fom mides *ior mmonid 4d prioaiy ud

r@ndary mines and e Fri.del-c:fti rct ins ,sdc:



,,.=\

x-E&yr,M6dnyLfthmidc

The induriai ihporhu or4h.noic mhydndc is rmtord ib i tr.1r.

Mdhmoic mid d@s nd fon h mlrydnde. Dehydrarion ofthi. bid yi.tds drbor

@ 
".o 

*



( . .H..odbd{4'$bsraoPh4nUedi

33.12 EtHANOtC ANHYDRIDE

De rnrre4i. (p'l kLliio dr(r o

ls ilrrc Ddt n 
'hc 

rds n?Leesic



ro sive a hi8h yield olcendosc 4hdor!e. rf dhsoic acid is trsldj prlonsed haiiog
md lnc pru$n4 of s rjd ctuld r. n(6sary, aod d.sddiob or lno e|utoe
nololes r.$l$. wfih the hydroryl sups srdficd, c.llulo* crhmode n sohbt.
i. orEoic solYeib. Fron sluiid, i! cs b. DftiDibr€d $ fh. rhqd! ot 4..rcr,
r4)n, wh'ch ft m.d. inb r.bnc lse Fisu. 13.61.

I

Mnnyb.0trloe is u€d in .h. pip6 indurfy for impdins a $ktuc. ro oit ud
E4se. It h m.d. by convdiig rh. os srcups itr c.lulos r. ocHr sroups.
sugg*r hov ft3 @uld be dobq m<l dnv I sdciltal fomula for ndhvl ..lut6a

'oil orei.icrgr.@ h.! ba usd for

IUPAC im. ir methyl 2-hydrcxyb@ate.

33.13 ESTERS

Estl$ aft usd s ilarcuirss ed 6 slEnrs. Th.y Mbin rbe fuctjoat srcup

oh.E R bd R' nay b. r]l.yl m ar]ll gDups od may h! rhc en. or dmcci!. fte
Hclons or s6 e sDdnan.d iD Fistrft 33.7.



RCONH,, RCONHR , RCONR:

rh! tttal$i: of .svs b The hydmlris ol u ser giv6 an equilibriM fttrure of cfborylic scid .nd ,lcohol
utd + akrtrlk datlad or pienor. Thc rkhmcm oa.qdlbnm is caratysed by dc pa.nce ofi;sal

bt E'laq) eids:

cHrco,qHr(D + H:o(r) g cH.co,H(a) + qH,oH(.q)

k,rin. .ddiLions. Hydroxide ions cahlys. lnc
r.tGd.6idlns sbp in ln. hydrcly.h:

RCO:R'+ H:O -- 
RCOTH+R'oB

when $ne Rco?H ndEds hN. b*i fme4 oH - ioos ftad h rhon ro

RCO:H+OH,RCO: + H,o

sdi tundion ftmoEs RcoJt fron rhe.qujrjbiim m;rurc. r]le hydrotysn
@tiotr rh.eroru s@i runns bwd! cdpldiotr io lnc pasd.c or. bas. The

RCO?R', + NaOH, RCO,Na+ R OH

For rh. alkalinr hydrolysis ofoils ss $ 33.13-r.



ollfs i fomed 
^r 

*5nph h rtu r{adrcD

dsmodc (6r!.4 r/'nak)

qHroco(cH:),cH:cr(cH:),cHr

cnoco(cts.)1cH:cH(cH2)?cH l
cH:oco(cHr?cH:cH(ctr,)?csr

'ormakmglabn6Te4'|em!hasiboLyms js rorced rhrcueh riir hoLs md cmkd

raErlcr b tbc arn of.he ribrc. pRkiis d6eLy roedbc. b nlko s rrdry ribre. Terylde!

ry €curiog grotrps or potyn6 Nudctc acids

Fdj u|d ax\ u. .bn al
ls^r.D4 and a loDg chain crborrri

rf ,troit Thcdifq€iceLn'nehnisqisq(u$

rds. rh{ (ntigu'atiotr d ltt Joublc hnds r

rbkDd. srtes ofrisxruixkdhb hlve rftslal



gim' ldJms0orsdrsbciv.ah.rd. lough

(Lafi lso mxkirei ol f.s giv* el

SodNn odid<ino.G k/.cratr
tcltrt4t n:tunk) Pnpme. r-:.r'GoL kr'r?ori

r r r t rdMirr lDst{r?101

ro fiLbn6 br r rhjd lilm or oil or sease. r.d

|iFlioii. tr.pcLled b\oih xdd |at)

olca'c rhilri t{c FisuE rr 3l {rncrr rlnuua

' I
I

-{

I
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und.rch dmpk' oroittc Figuf 
'et 

rrse

hrk dd.rgdr (leojns) Fop.nics:

crrr(crr,),ocn,o s-o Na- ,T\. , rHrr  ( (  )Fs o Na

4 donft dylbazen$ulphonar

sorubre, rlo*rogtbd ro*orkinhrdwdt! r7 101 Arisadvan.qeof rhetus
smples dddEdc h rhd $q {s. nor biodcsadrbk wh.n rh$e dddsenr wre

nim presdr in rhc waer could nor d.sro'
rbcm r]1n problcm ha! b*n sotv.d

xoEd! s.r enh rhc 6onia ql(o1

:. wM' pduds ac.drnd b rde drdie hvd@tsk d

(/) G,(.s:)rco.cq!
o) n4hrrbflha& G) (csJrso.aqr
(.) H.o:.:H. (/) cir lra!:(J(cts.),

(0 aoq (dd rou obrah roo ft oder ofk) od (r)
!$nptdph.l.!bo?orq.^g!coic^Hl!
r ) $s'i4 toh 00s d Ph!rybnno sd s4 

^o

i7. Mrb! h i h4e y m 4's d srt Dr dd rqnc

Lhedolislhcgij!.4r'$hd/',o|eid

cs.cHrcH:cHcHicr:crcts.cH,cts(cH:)rco:s

o) ne rcir8rdbtr d qd do!6h hood i 6 wnr de

prcpo.r.zJ rrcr \d /r&in od h* Qe{Di rt

1r) o,66!edbzo + cs,olH

9'Nd[dLyl la ln ie&todo] is. lhcs€ad&]d!



33.14 AMIDES

!r r6
Atlr^ drt bttta !,t h

RcoNHrG'' + H,o(l) Irllii- Rco.Nlra(rq)

RcoNHrG) rold' RCN0 r H?oo)

lxc rc'j.n or innus {id {Ndo: + Hcl) h to rcplac. NH: by oH. giviry r

RcoNH:(aq) + HNo,14) , RCO]H(4) + N:(g) + u:o1r)

Reduchon or in anidc b !n im cM b. elodpli.hcd b| siig hldrcgctr {irh
nickel$lcd, ]ynorsndhoiydha

RcoNHl(t .,i,'il"i"j;:,r RcnrNHr(L)

r'r the Hofmmn dqEdatidd ts* Fism n. t!, dcloo vnh brcmift rnd
ooenhtd xlkali givs rn rmlrc wilh orc carbon loD lu\ rl'$ th. pamt a'n'de

RcoNH:(aq)+ Br:(aO +roH (!q) J RNH:{|) + ,Br Gq)+cor: (4+2Hro0

RcoNH:(iq) + H1O0) 9N:!ini Rcor (.q)+NHr(4,

Dchldrrlon of an amide by distilldion $irh phosphoru<v) oljd€ sircs a nnn[,

Pt;hulik: n rn.d. 6j Nyloi is r Fiemidc, madc bv otrds$tioo F vdsieii lrom 3 d'cxrborlric
rc!/4trliD...s acid rnd, didi

,rt, 6, Ii h mde lrom r sir cebon dicrboivlic aoid rnd i *_!ubod dirminc

rin {aten (i. trichlorodhane)

Nrroo|dnNrtlheilcrfalcbe'{en
1,1.1 ttrhlon'dhdc sololon o| lh{ d
b ilLoy ruind rcrcdD bkkc plr.c lsc! F!su.31 101

i tbc di$ide ol €rboni. acid. crb



mdrbdisn rlir wideh u*d as 3

NHlcNo(rq)'!!+ HrNcoNHr(s1

corc) + 2NxrO Iqle HrNcoNHr(s)

^s 
rh. rc*rioi rloclns sbNty itr .h

...lir th( hh4odtt bl uH r slso rcqoncd itr,tudiry fo' !h
rta$6, and netutE rik I\31.6.51

tor inducing deep xft rdids mdc flom oEa
tc. $x rl

33.15 THE SULPHONAMIDE ANTIBIOTICS
l@jss pxrnted.lr hd b*n deeloped foru$

adioi Gqh{d Dom,sh rho*ed rhar Pndorile $!r sddd d lisbriis nrcprocoret
ud |haL P.onrosiris cotrvdd imo

4,afinoh{iz{n$urphoraiidc Gdphrikmidd in 1bc body dd thri sulphmihndc

adilrnnir {as Dohrsh\ drqhtr A

!i!s.rsrDhmirmde.arhdrhd,4,rduu#4
oi vryid /n€r wm sli'hsisd



1

H.N--<( )FN:N <l  )FSO,NH.

Andbiodc! @.ndicis li@ted ft
inhibit de sF{ln of olha Diqo{qa.bn., Th?y &! by iilibiti.g tle did of
tlr46 Sh. 

'ly 
sFrh4, rulphmmid.\ s. Do. odl,rok. hae* |l.r m od

orcduc.d b dt Lvida o'@n. nre lphoeids \sulpb*dngt rkn* q

me nd$o[sts ofb&b B&rdir!e 4-minobdoic eid in $.3]dn*is or
fdic ei4 vbish i. . vitil subs e tu rblm dd a vituid rtr riDals
4 Admbd@dlphoodG., lulDhoiloidc. btrr a clGc tucttrrd 6.mblmcc
b 4diroldaic &id. Mot.dd ofrbiN dd otnd 3itu]a sulph!-drus
condc *id 4oinobdaic dd for &e adiv. stu on ihe bdhitl @4o. ud
ionfit the .Ein sir of fouc &'d

,l'Aninobadeulphondid.

TIE f,sw shws the lock dd kcv tDdcl Id rhc aotiod or $lphairus! tu .nzlne
ds o! 4-djrobdzbii icid.dfingb'c st p in the strrh.tiE of fouc @id fic flvn!
!d li*e a I'xk *hicn cai dcipi drhd 4{inobendic djd or 3 sulphd_drus $!r
frs. \I/hd r sulph,ifls d6, n bboks rh. 6z)m. ud pEv{s n non dins on
+minob.nzoic rcid.

rh. utDtl'ffidrt haw Sulphr-diuss {d. wid.lv u$d io tne Ssond wdld wr' Thcv *.4 sprinkLd oi
,e?avprqftd h oD.o voud. b pltmr infcuor' ft.v prod ft'om
p"* 

'tt; ""a 
*, ;a ndudins Lidna dmss. dd havc no$ snd 

"5v 'o Ddc'tu ud orha
,drtdh hrittotid.

33.',t6 N TRILES

dil&r ftom ile oLhd aid ddEriB n tutttq do er DdNs a 6bon/ soup
Tncy G rsdily oEpa'€d iDn ai& and Mdily yj.ld eids oD hrdrolyli& Alipha@
dbd ad papd flm h,lasdmllme u{mln uh$ ftun dironidm
conrouds t* Ficle l2l, 132,10,2.d Figat 33 ul
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CHEC(mflT 33Fl

rs'yhwd.loltowiDl.ddsimsoddbehught

0) RcoI'- RcoNar + R oH

I k) wtu d..rd. rbd nrdunl toftub or (i) r
cr$oryric icid rnid. rDd 0n r Fidry dpbd de
(r) De$ib. rru wr! ii wrd e plop.fu ol dida

(.) Ho{ mn mid. (i) b. ondld intd h midd
(r) Hw c@ iEjls (i) b! odwicd ido 3i rmid.? 6, Idsrit a, B, q D, q r rid c ii $. srde or

(d) cHrcHlH,co,H tuE csrs:cloH
6) cHjcolqHs tuh G)GpE

/A\ .4, r^\
vv\y

t "

PnkiasaE d. al1h, rhn. re dn4l{ge ehs6 ofndtunl polyD6: FlysmbridB,.uddc eids fd
thm tds. daws 4 poreins. Po&ins e polymidcs Tb. nntu fr.D vnicb rhey e lomed re dino

ttudpthe6 eids, at tcmlts

- l

sinc. rhe -NH? sFup is on tn. d.arhd doo (lnat idjr.n! 6 lhr -CO:H
Fnp). $.y m corouy *noM a c
etually o.om.s a dnino rcids.

oflcr,n:o + 4Nrcq.N4 -

3. rtudq 6npomd, 
^, 

3, c, D $d E. ad rc!4!k ! /
sd'fufubnN''edmornae'.'

c .H.co.H!!4^]943-CH.NH-

1. l
E(qH!o) D(qH,oJ l$9! t

1
{

33.17 AMINO ACIDS AND PROTEINS



@F-.-4*
cHrcHo c:H5q

CJ,@NH:-;E;;+c,HrNH:

qF

4F
c.H,cO?N, I Effi E 

-*,..,,-,"

C:HjCO:R or CrH5cO:Ar Eira

I



H,N-C-CO,H HO:C C NHl

!1c_s s_bH,

ivnh rcid,ihydride + NmHr4J+ NHcoR
w hPct.orsoclr+ cocl

I

I



cHrco:H !5 cicH:co?n 41N1!j41, H:NCH,CO:H + NHrCt

Erhsoi.

33,17,r REACTTONS OF AMrNO ACTDS

lryoie!have$lsymmdnccubon4on
{hire sord dt r_ 232.c r!cmbenadc

Th@ arc so functional srouDs, NHz hd -CO?H, ecb or*nich is respoisibtc
tor a r}licar *i of @dions ts FisuE 3r.141.
loacidEsoluriotr,rbc NH? eoup ionises rs irH"l i. .tknlin. ,o."... ,n

cO.H soup jonFs as CO,-. Ai itr@ldirte Elues orDH. rhe z,iii.riotr

cr$s (Gcman: zri,./. no@D. rhc nrson *hy amido r.ids rc high mdriis
solids n dai rb.y cryshllis rs zwirrdiDns. tn solulion, dre pH {r whicn mc
on(nrriiioo or rh. *nenon h mimrl is ca ed rhc t&dddc Doinr. tr djjTes for

(rq)ionsand oH (aq)
! I 2 7.l2 tn ctelrphoKis, rtr dhino acid ritl

dc. depsjding oi rhc pH This behrviou is rbe
b" 'o | i " '  h 

'  
oorel .  r r  hod U

.cids n cbrom os4Diy Li 3.1. The noririons
or rhe cobDn6x .mino rcids on dre chrondos.am rrc ftv.rkd by spdrnis ur
pap(s hninnydiin.ThismgemciBrbluFviotcLolour hmiqoloqs
sfe anino rcids Gncor6in. wirh H+(.q) ior and oH (aq) ionq rhcy dsn a
burering ..tion ls* Sl2.7.l2l

enzlncs .dalysc rhe polymdisarioo or mtno :cids ro fou pcpridA uru poutr\
PolFrgiglione C'hEugh'hc|o

CO'H srour in dorhs moFuc:

I t4O ROHRO

''-r, j r *,,"', . i_,\-t I ""

'fte dip.prid. formed crn so oi potymensing ro r.m r rotrg .hrii of 4ino acid
Elidues rinkcd rhousb -coNH
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Mdi.s rd r.ddoin fd /iir,r li| llrl
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'h. 
lln i tu icq sifisrulm t,s F E,tn.15t
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(r) .H..orH rnd cLrcH.o,H
(r) c,r,NHi lnd c.H,coN!:

I r*t "

r(d vd (rcr:, o) socr,, n)Na:cor.

3. rvir i 6ncd !h{ eomr! rcdr Ntri (4)ndirnc.
o) 6{zt^c. (.r rrcFnc, (/) lhod, (.J dhuoc eid ald
(/)dhusmdqr sur thq @dri@ !!dq !h!h 6c

l

(!) (cri ),cHos r (cu,)rcroH)co,H

(d Nmc rhc conpouds, &d sive 
'he 

o3m4 d s€

(r) .onpft iD rIrcny d $! NH:&o!pirlhc

(, Dsoibeft bchlviorotuircompdnids{ihasdtu'br

$id (16r.c) D $ n(h hish rh$ sr ddbrcdbeoi

reu nrrc k)u {id chbrbe, o) d ec i ibjdnde.
(id nidq 1r) u $r. Gw thc mQ$er .oDdnLds
6rQdD^.sdei l t {unqsfur6crce0oft$ncsc

tsNo,,r,cl------1
tsnc-t 
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l0Mnaga{
W e--l

l ! l | .o-+c,H'oN
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"iinlJ 

u! 6asi! {d 1rJ anrd6 {c
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THE IDENTIFICATION OF
ORGANIC COMPOUNDS

34.1 METHODS OF PURIFYING ORGANIC
COMPOUNDS

t. RLqynalli$rioi r nd ftrc'iotu L rEonafisd,on aE usd ror so]idr li e 2l

2. strblineiior.an b. o*dtuaf*.." \ubsines. c.B.6o^,jc alid l\( Figrrc la rl

,'tr lioo riqujds I,igure e 2. Se.2 sbows rn

0
a. ChtirDgiic is usd u (no{ !i prnir6

.x ibepourdo|r . ic .d{mtd



s. DhriLrrioD i5 r5urfu Ltridst!3 rt

ixrEs o.rjquids t!3 4.21.

'rsorLiquid\ l\\n 5II
L Lrquids! lnjds l\r r ,tJ.

m ftddy u*d t! r 1

34,2 CRITERIA

triptrit 1. d 1,, e{.c
q,nrE u of t.. e|c
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3d2.2 LIOUIDS:BOILINrcTCMPERATURE

Boilia knptuluE at A pre liquid m b. identiftd by it boilins hpmbE. Anappactlssuch as
h&t Eliohh t'dtdonal dBrinFislE3.5.$3.2mbeused.ft.rhmodehn€suesL\chpmtuEof

Nnt hdt ndtua lhc vrpou in .qDilibdm wis rhe boilns liquid. It should rot b. im.s.n in d.
rryuu 2r li'ruid b{u$ sp.rhdfi& i... hcding dt ve dre boiling rcm

cu occur ir de [quid is heated rlpidly. Boilins hFdtrB ldd to b. lN r"liabl.
asrt$ofpunrythmneltingtdp

31T3 ANALYSIS TO FIND OUT WHICH ELEMENTS
ARE PRESENT

Otre a pm srnpL orrb..onpoud ba bm obraiisd. ft ndr ilep is ro find
dr which.lmmt it conbin& It is a

nt Losui4n? ktlar in m ors:nic dpound lhc lrsign. l.n i! dons ro b* for lhe pGdcc ornnro!4
lutphu, ntusm ond ne sulthur and rhe h,loees. Fusion wftb $djun oN.ns .itogen ii'b cysnrdq slphr

nal0s.,! inb sulphide ed balos.ns inb halide6, Th6. ions e rha iddmrd by cnuical

Aibmdery! fs 3pdIm.dy s$ l,3 a'd 14.9.51 
'irl 

de&d the etmenh pE$or.



34.4 OUANTITATIVEANALYSIS

prc$nc orcopnq(rr) olde Hydnrgfl r didtsd b nan.l,hjch is abslb.d ii
kidcddkium$bnd.iobca tubonhoidtredrocftboodjorde,!hi.bnabsorbed
u peighcd btrrb5 of concenhr\l F

ydrcer n 
'hc 

*nnlc ai be fouid Ise
auenLotr r, cl'!{tPoini :1^1.

Niroe.i dxtr b{ mnvdrd ioro dnomum rLphdc by bojrig a knn DAs d hc

, ie,  , i - \od.6our.  i i .n j  I .4rDo1. r jd_

s .an b. d.cutittl s of rlrc .om odh d c rn be convdEd jnro sutphlrd
,rr&i,h,r! 4 ions by hedinc 

'n 
. sbhde *D bc $sipiided

,.JO,(r).. * banunsltphar, tihercd on dn€daM miBhedtseau.eioi 2. chskroi r4Al

n.xdig x knd$n m.ss ot rhe conrihd iD s se,l.d lube s.irh fiuriis o(c ldo
,togens iDro a pi&tpndc of stvs hlidc .t hn

.!D b. nrrEd o4 dncd ind {eishrd tfe aueaiod 2, ch€kpoinr r4Al

difiirutr rofid b] {rD€nmenr, rddj5 obrained

34.5 EMPIRICAL FOFMULA



34.6 MOLECULAF FORMULA

rE bcn d$c'b.d Ior$*51.\r rl lorvo dic
Lntu 63 rl. |or!id$ L{t11ltrid 

'

34.7 OUALITATIVEANALYSIS

(:hcnilaLrdtr rcv.rlrhe pFsnce ol h'droryl srcups arboniLErNcs. ac You

34.8 STRUCTURALFORMULA

onlranopidononrhedenhryof ihe

16) \rhdi 0rra dA i raFrnrd, d! wd!m! {h$ tr
oau|t! Gq^1!d b jpr n rrlnr

(.) u$ft nohDrsdAbcoDq'scLnpnisitorodi.
ftod (r. i i6 a nd{d{ 6md!

6ndx dx (R!ncnb( Lhr. i 6! odQ rlgs dc. H,
s . t {1 do ftr bbr 100 r. ['r djfnstre i de t qEs )

dr0! i ' .o| !h] 'Jrual fu lc, 'H

34.9 PHYSICAL METHODS
OETERMINATION

OF STFUCTUFE
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f.ui1.y otuhc d.hination is such rhd

r$c a4.r wil dairy rhe eoii'
imbe (nud.on numbtr) rhe *impk in

Thc rccurale value or rhe nolEulrl ma$ will cnrbl{ . di.rindion ro oc Eroe

ne ionnine b.m of deh6 ha e'ouh ndsy b splir mote 4 i,b tnend6.
oic or th. frasnena fom.d in each dnso.lnion is ioDncd. Tbe mas spdrum of
fdnmol shovs peaks al32, r1,29 dd 23. T.lise e. prcdk€d by ihe ions
cHroH " (dr. moreorr ion). and cHro.. cHo aod co. ts.sFjstrrcrll2t
I$mqs have rh. sme nor..utar ndi bur sii.o lhc bonds m dmffir ihey otteo
br* up dincftd\ io give difcrcn! idj The fngnenrrdon ,.re r of rhc isomcd.
pedaols shoNn ii Figm r4. r, dilrd.

Fdcn.durion parsos ofconpou'ds haye b*i r.o.d.d and ctulosueo An
. ifi.d by 3 conpnhoi orns fr?lmeftd;on

0 m$rh a conpu&nsd bsk oflrrgmemdioi panLns.

34,IO NMB AND 'BUCKY BALLS'

Thc ca$on anotopcq dhm.nd and gmpbib. ha\r bm koown fn ftdun6. h l9B5
of r ns fmity or.rbo! atorDp*. Th.y

consisr ofmoleulG .onrinjis 30 70 .$bo' rbms and havc bmn nan.d frdlercm.
Th. d$owy had irs ongio in spaa rcqrch. rn te30, Donitd Hummin xl Anao.
u,ivusily, usA and wolrgrng lrRrschnd xr Lreidelbse lDiv{siiy. c{mny.

dfom in ourrspaa Io'nhcftJsia.hnc The),
fu rod ad ! gruphibJiscjnan inen
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35
SOME GENERAT TOPICS

ropics vhi.h hrlc d.pped up in d rs.ir

srud.ia conpraii ofdjmo,Lryin gdriie ftof
nd ci rhe prs* on sinihdrc rouies arc d
slonavhdU.| fusrc4. i |s ls{d|or l . isa

smndy of the prdhdla of diferen. rcls.fls dd c.ndnions rhEh apper ovd tbe
lop o| aro*s, atrd *bich sud.i( n

pic lwhichspdchrptB.str .h lddhodsoi

or ot mserr, .ompounds r.E desapuons

35.1 PLASTTCS

ouMsTh.J]xlenaiofr .t.uLr$lidsNnh

bchouLir.diDro I !fi.ryoIsbaJEs T
icrl ffnlxroA A nuhitudeoru{rh!!c 6*n

rM poly(chroiodhene) orh.r Franic
o md \rl ior$rb rs n {hetr rhexted

mi0 Bdl]j l}n\ ollL,{id hlvg'h.;

vdo$ rlp* of $tudffc n irfunmred belo{:
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DRUGS WHICH ALTER BEHAVIOUR

I bnkes- r rtuhhiDs rirn. tbo nirt or i .rcc.
mllds loft hed pound,yotr body p

Elered rro rhe blood io contol blmd prtsure

body io deir !h \hsi. iuch r emor
chaigcs xdd sevde ble.ding. Adrialil incieass rhe rac Dd !ricr-\ .f the h{n

brrin and lj!q). ruldn rhc snddlh nusde or rhc lun8! icrcas. rh. nre ind

Em riftcd { urd f.$ bir $n *ho rN

inio rhe body n iix.rivated by rhe liq in abouihE€ minuE:

A'nphdamiH (olien qlkd uppnr)
mamr 1o adrti,lii Tbey n,le ihe usr lel le$ &ed md more xld. In rh. par

and nn rqluciis t roichixl .oDsstion Amphdamin* w{e hkfl by sDe rudds
isbr b ludy ror !n $am and by some long

dnhce loq dri!{: nie drus Ms
iidickdrob{i,.dii..Thcrsurlrof!singrhedrugoydapdiodoftimeafedcplnden.e
dd rolcnn.e (s* tr$r page) rhe d

Ot.".



No.. t!. n.dns .flhos. l.ttr:

DlPdi.ne Thc D* dpeiidc.s wi(ldBrd synpbs if hc or shc $ops using
rhc dng ro sbich he d sb. has b(ono .ddiot.d. Depdd.rcc nry b. Dhyli.rl d
psFhorogicdl or borh. rhc dcpdrd

Iile ub€mtle udes he ar sb. i' e4.ddcing .h. dte6 oflh. drus.

Tolss. Th. body be!n6 tdc.adngly rble b bldsb r dfls wituur j[ .re$.
The ns nq,r6 iJ,cdridc mlmis or rhe drug in odq b apsi.nc. rh. .Il4.

Th. ron $dor dflc prblffi rb. trirh d.p($mE or ln. (dr.l nmous sysEm
rhe nmrica (hdoin, turphin., d.), rb. bebitufts, hnqui ss md ,lcohol.

o . cH.
l / '. -N/v.

t )
o,.  N^{

Cifi.in.

c4I.iE i: a rdadadiE c.ileine nidDlar.s ih. ccdr,l ndou syd.n, aNing mdbi sirdss hd
i!h,/,,r r.stl.sDes. Tslitrg csfi.ire ce bmmc a habj.: somc p.oplc inli3r &d fiey cmoot

tuncdon vilhou! rhcn ndins colt .,

cdfei.e n fdnd ii @ltc bd!, ra lea€ dd chomlde.

mo. Nicorine {s isotard in 1323 rd trued
and r Fdch ubasadu. td Nior. *{rc 

-a 
cmvinc.d thd bblc.o had m.nhin.l

urcs. h facr, in its pE f.m. ni@tirc i3 o .Mery bn. drw *hich e6 s

trb@ th tnbm. pb€d on L\s r.nsE. Nicob. h6 r @mp0etd dio. o' thc humm body. ft
Smkss tuUqa stimdd.s !h! c.nt{i ..dous sr5r4 iDdu..s bmitjoc dd didhoc4 and lst

tot vhth eond.Rs ttun ni@h. t rd. .u$a md vmiins b.sid. Snokft build up a !olsdc?: rhey cm
cisrErr. rrak ,r $sorb sie 6 nuch lirhour iorie$le .llds. Thc s

.,n Dse,i. @nrain abou. 6 ns of ni@tin., or whioh 0,2 ng i3 aboorbrd inb .he body- (H.*
DmycistrdEs M d irk*.6 tud

)
T

16l^rti- c
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hbo.aroq rns oi mimrq n hh ind.(d .x'cd in cpilndtat Li$ues rnd in contr-riv.
rissu.s. ..s. skii rnd bone xnovn c$cinos{: iD robacco id sc hcdzopyu$.
kdollDdmlhdssdJky|atdchry$n.s

d{-
,/-

\Y

', is a nufiy shib poMer obraiftd tod rhd
in Soud Ancn.a. $pddry jn Peru xid Bolivir

Ir i! $d ri a lel r!*rhcric, for esnple b rhe nose ud drMr Co.ainE dmdrcs

Enc$i du*s firl8us and mkd rh
sho*bsinsspmpkb'nprctth.spllk]cof

rnone dos trs^ b€rtr* n dos not
musr, qoshr ros, isonnir hd prcholosist depmderce cheniss hN. d.d b

msrh.ri. quatni$ orcoaine bur vrhoui ns
othtr elrfth. xyl@ii.e3nd Novcrjned hrv. Bulrd ftom rhis csrh. Thq irc

I

r.sD. shd for rFsEc rcid di.lbyr,
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LSD wor[s by disopt4 rh. rmsmisioD of nNc inpuks to rhc brdr In strruq

lhetdsfhsjonotnN.impul$s.N
wifi sftronin ard pr4s! sdoronin tom c@ins out ia connol fuciion.

Muiluna is lhc dricd l.rvcs, nowci
phnt, cd,,rir. The sems tdd bugh fibG rhxL de usd tor na*ing ope. Mdjuma
is on.n cnll€d tdnxbi . s€.d'. srsl, po! of Mtry Jmc. Itc dftd rcrin 16r

Mfijuma is snoke'l in pips md cier
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r) .s.cocH. - csicstorrcHl

rd) crr,cEo , cs,cr(os)co:E
l, cH.cHicro - csicH:o,cHrcE..Hl
l/j cts,cHoH).Hr 

- 
(1r,)ic(qr)(cNr

ir) cH.coc'r. - cn,cxcrcn:cL
o) (cHr),.o , (cts r,.HBr
(.) cr,cr(orrcni - cliclor|(cN)c!r
(a) cB,cH:.H:oq , cts.cH:crr:

13) (c.H,),o. (,l crqtNH:.

add,i!ic krc.HicorH o)c^H,cHrco:H,
(.) qd.cr(or)cH,, r/r c"H.cs.csrNH?

ph{!r8nir 14) q H.oH. (i) qHjir):n, tj (.r rrcocr,

d roN.oud e! d*! non prcFN: p) ca.cocs..
oJ (cUj r.cHco,h. (.) (cr riJ:ctrcH.Ns,!
r. sov lord yon srwr (!) I ri Nr ht&oc6oo hb
ndblod .id (r) mdh@d iro 4hdDrl

oy 0qgeN or{oh Jo! old (.r)csjcHo,

,/_^\

k) rlh$llsErnidq qrr.coN!c^4 fron 6c 
's!

o) rbLrrhrdfur c.ts,cH.oH iron bs^ir.
(! erqrqrbdi eid tbihr! krdJ rfon b{4re

35.4 WHAT ARE THESE REAGENTS USEO FORT
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k) ndhliq (r) bmEiq (.) phenol (a) dhqq

14) rcdNlii. o) o:oiolFis, (.) drrdbo, (/) aqrdoi,
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4diftsdunhrnruridcrchtbD
jdifuhjnr6o.!lod$h'ioi
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35.6 OUESTIONS ON SOME TOPICS WHICH SPAN
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(r) sbo o( ndc dcdq@duDyL{hbr&
(crcH,cdr)N'ad\nh!o*!asdiqsosiDDoi,i.

hdrft lhePMd\sld:thmdnRd!4.'giyDg

(o&car)

rdo{i4 4DEAioi! iny b baush' .b(. swhs iry
tr*sery dAqi! l id otrdirioA (Furrpn.ric' ldd L{!

qurcd Mqc 
'hu 

om i+ Dit & edd )

(r) cHrcH .E: - crrocsj
(.) cls,corH - 

(qH.co!o
10&cq)

r. AfGoiiFddr @dioN r€dm4 r {hiori3

k) rnra$onhesl+sr r rdiabd lbqq as{ dr
lpPqdlb[44tdld]tl.oidt@j6rtbnuiDun

o) Ff e!$ d dr srF 4 i id 5fdi.{dlboi$45rrhe

t!) srp 6 h!d!5 th! 1yo qFo..hends shpu aDrg

k) (,) cNorc!$oidbnddlsdnrc.dnnr
(ri) whl nighl a sLmQ cooDoy se {uior d 3 ndde

rd conntd on ach d [c.olo!hs:
{i) {hs dbcic c bubbrd rb hrcDhe sdq dr niti

(u)rieqnD'trxd!!hononi{rccai cH(crH!) Br

.rii cBnc!H,) c:Hr,vhdrpoedsb!!ns,l

o) h ii lrd'pL 10 r.Fe r ptuoyrprcpuq
c,H.ch.cf l lc ! ' .h.o. f t 'dQctdvih

u'drtedgo$ydrcucoodiio[^visomBfudi!

(rri o(c.H.) cs, hnqd d6c spd prcdud

4 (d o D.iri x, and p,q rore! &id rjirhti 
'hynaMtror (odd {rd 

^ 
ddH s a ,?41 4r1

(it !iDA rhe dd! si*o bb', d!o$ 6c u.ilrior or ljd

Bcu{{xh.:!ri! (bluoio{dd

o) E\o[ii & ]nnortu odq d irtsi4 br* nrc4e
qErMl < NH, < clrrNH:

Phdi'rnirc GDrhd

1.) c r!rh{0) Lwna0 y*krb6ctu

qP{r 0r) bdov b & ! ircng( q va6 mrd thu

(/) 
^ 

$n& or2nnfoFop{^oc !!d Gbtuc) ws add€d

iolib5si6B.Udso.}ihqcsrcdi' l i lydrdldc'

r.) odlDc! ndhd 6 $P!of Dg! nrrr
l i t iy|{ 'tr i. i0dndhy|bq4ncdholhoh}



(") sut od qplu 
'tu 

rct d d. lriDd. Loi ii rrFs om

(r) or i., 'frdhmnntudirdirf Gtr'o!3lndlNt

tJ crrt!EAonr.oodiioNUdcqud@sb$ophly

(it :l'lrrurypoNrij. (xd , r d. cr !icr (oH)..i d.

i4 vhq r ,rs { 6( qsD! anpo4d bdos Nls rftd

EroLhl lu!obNtr jo iJ iddE6enruduElfomd

,;\

aNE^B r)

f, (i) wh( n rhL rnndi d rhL dcdFphic i th! ({rbtri

l i) cir 3r qprbi bihov'r 6mdNn d th!

(iit Dro! dusDm Nhotrog d& d!!roi! *!1urc! or sn

jib|l ia[6c[!nto|h|rn'!du6

(rw) Er0Li phy. r x !D rd qF inol b rq!rc

Nlr'dbrc 6ou!h !lodr drora crrrF,B^tr!$t!d

o) M{23.diitulhuth}dw rrn* }rh
rhqiilnuooc 

'\o 
:3 drrlphL4rhrdazorc dqlrio

l)ElPhE{hr1{o,.4Jd@pLs!]h!druo1!iuo{{5

r: (4) It B!n4& I dcryo$ &rlpria dr/,44

lit Dor 1]1c nrudlq d /f {bi{ie5 {hjdi urd rre

o) PrcFe.cH, aH
prc$i( d phspddr &id 6 ycrd z.piotprcp{c
crrr(c Hrcr. coll)sm o! [E nshu$n kd

o sft [. $trdrbo rqlied fq 6]!ni.10 ie&, ! tr i

(^r Ier)

trcH.).N.H.Cir,oHt ot
(4) Aaoud tor 6c .rn rh{ crioriic h vxo $iubh dd
rry !rcosLy b$E GiDie h u$ lorg,h b $diun
hldrcldq nuch {rcn$r th!^ lnno^i q lnp ! anms)
(r) whu bu rld vih hln un 6yrrcrid! (qd}o. ddic
girs ftki& (rhLh an b! ddd .rcn brun d$uo

t(crr),Ncnrclort oH :tcJr,rNl or I r,o

10 srsi ! pqsibh trFs$i 6r ddnq $L!'hs lo(

dIMq dhsc (dht{o, lnno^i hodhyhnic.

YouNtilonlLcNoihcr in. rdq ud nnr !br$(n

]R,N j  +A!,o |1.o. ]R] | !  oH r :AgI()

(o&.0r.s)

Naeed,d6eeorer d &{ne rh.n rqdhN (r{t

,t-iol





, j  .

d:

; :

, i : a:

f--,-l
t_: l

T--a
l2
- : i
a,

i l

: ,

dj

. .1

: : -

z-

za



Phrsbat pwtut NM ot6t s),abat
brah

TdpuaruE

Lidtinbsity caodda

NM.athr

with il thec unng, th.lolloaing pE6x6 (md orh.r) may b. B.d.

Pelix srabol
d t0,

n t0-1

Mn
crea c ld



ANSWERS TO
NUMERICAT PROBLEMS

AND SETECTED OUESTIONS
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r2. G) B c4ld be cnrd!G:c(csr)cHic!,,.. 
'd

c ldrd b. cHJcnrctslcn(GtG:csr,

(d) Bsoz + &id 3ivB qzq: di! Elu6
mr@,qvD3d&q'dsxl0r,

D A = C'or,r= Crror, c = olHrrcDo,

orltc:or - N, + czoj + 4Hlo
ci}r + 2Hct + coo, + s.o

,. s=cuso{x- r{gdoi,Y Moqr,

5. 14) { = Hr, 3 = ct,c = HcrBr, D: Hc(4J.
(r) Y.lroY E is al,cr. (anhldrcur.
(.) wl'itxLAlor 6s.oi hlnrcbsd ii $rudoo.

I
I



,/=\
i  rd r i )  Ftr  ( (  )F Ctr . -cH,.

(ii) 8ffih .ddsbtu'orm uiituG

5. (4 O HydturF ld cu,curcrroHi oidi!, ro

(ii) KcN, rollmd by hr{sl$i6 orcHicHlcHlcN

CfiAr|IR2* BACE E AXD OIIEi IIENES

(iio Tr.trgh d. idbmdiq DrAB.. , DBr
sh{ihbbfohciE.D+Bi

CHAFIE 29: HALOGENOAII(IIVES AIV'

QrdoEor cl'r@30 b,66t
17 (r) P is cHrcH:cHoHcHr

Q ir.i! ad r@cHicH:cHcHl

sis cl!-'c- cHr *idr.hiJl"c

?. qrlscocJ' qHlcH'cHo, cHrqHrcso
3. P = *bhcx.d., q = h{uer.6.diet

r1.1= (cEr:cHcqoH)csr

B. O = Csrcq(oq)cH,cHcH,ots
17.x=(c,)J@o Y = (Gr)rc@rH

rc B = RcozH,€ = RcH'oE,D= RcorurR

r. (4) Fordlriigui6rids b'{h paiE ofcm4ids E

(6) rq err'sorrc cirpb 30
re. (.) Pe cH,c8:cHf&oH ad

cHrcHlcr!)c'r,oE
sEc:cH'cHrrcHoHcH (&dq)'(cts.lcoa

YOFS AND XEIOI{FS

a. G) != cErcorcq:cn2,r = csrcorN4
c: G::csor!D = crco,r= clrrcorH

2r. (r) liD P = GrGoscs:M2.
o = clircHoEco,E

2r. D = cH,coc crr!,Elsdr@
cHrcHolrcicHr 0tr 'li6Mbuion 

o.tds i
dbdoftE s dE.imr b chrld 15. Qudih D.

r. (d) (iit rtuE 
'E.ilror 

ilom bfcHrcH-lroH
ht ndr o(Gi):c:Noq

12. (r) (t czHjcq(ctsr)M: (or dilribldo ofbmdr
.c e asa b cbapar 25, ac0o! D
(r) cHr:cE-curBi Gr:cEr clrj

c,-c:ctsB!G4 d'd')

OIA'IEi iI): AICOHOTS, fHEI|{)LS AND €IffiRS

6 (r) c'i) 7.5 dr or.oM r!s4 bae ody 
'b

acfu@eltrr i!.7r3t
r. 

^. 
(cHr),cHcN, B = lGr)rcHcr?Nq,,

c. (cHr):cHcH:NHCoCHr,
D = (ctsr)zcncq:!tsc4,
f, = (cst,Gcs?Ncqirr-.r = (@r)2cEco,E,
c - (Gr)rcHcsloH, H = (Gr),c-or?

rr. (4) 
^bc?74%. 

H 7.5%, N s.0%

(t) (ii) coi lidoR waimvi'ha.id dio& q sirdnd.
(.1 a nr wdk bi d! sh tom.d [s pH <7,



.dpiri 
'* 

ade h. Bl
r 

^ 
- qj{.cHo.B = q!.c!.or.c = c.s.co.H

.hrPh rD: 
^dd 

chond6 !d rdJnn&' lp. r3:t

r  116! 5 s lno .qHior
LF lrl

JA=c:H.cocL

. = qs,co.i

E = qr,coNH,
r Br:+ c i r ( i : -  xorr  ts = qHrNrr:

ciskpii rs, rtu 
^d& 

rd Pred h.7{l

odila! !i ctu'tr ar tD. 1an

c= )  Ho,cc:H.!  r .
i  )  o D= r . r ro:cqrrrN:cl

\  \ . .

B = c:rr,.1r(.r!.d):.iH
|5 .:H..Hl.H]]fu,cH1cH.).
a rr) n) trg rhcH

HcHbotrJ! ig l !hcH]0dtb.Nl

cH,N.oo+ I,o0J - cHiNHngr co:rc]

l it 7Yd{ru5orei - 3!d\m!s
1i,jJ hq!i* i,i prt$li! i:'rdu^ t1l! ri [{ir d! qr

nn u$ $e hq b ordue sFddrd nsD b

rL) 
^= 

Krdr!(cQoi.3= PcL,,
. Nr,.D = Df. - Nioi(!qr

llrh Br:)..r.cH,cN (sih Hi).
cHl:cHcH]NH. ls6 LLAIH,)

!o:s

.o]c:H.co]c:H'

r (4) c frio,cjH, D =c,H,ots [ =.iH oH.

rdJ G - cH..H:.rii. tr - crrrcH.cHrcl
J = (cHr)r.rH.L. K rrricr.co.rr

| \r | ( i) {r r a brqi!. r j$!d 10 rom r lonp q 6i

) k cH, o) 3lcnd i rd c.ts,
.inlNo r crH j

ll' %rl
o! so:..!:( !(!:n (ff or



3. (4) (D A c=cdorbr.bood.B c Bi

fi) Dnpn$r brnra = Ddair 6n!l'

(iit rrhEry aid sMni!.y d@hds Nih re j@c

( ,o Ai3r:  cHloB,{  
- . r in,

(r) (,1 Add NrHsi. Gd vrh NacN: blndy$
(ril wirh rcr, or s(L sib cHrcocri dbl rbs

(iio Boi, Frsdh ftrbrc4lhsi 3lllturom
c'H]cH:cl] 60 rcl(vlh(oHGd
(il Dd@liq vlo w6 ((aq).

L' t4) (0 cts,cHrcs?or ^,!'6'| .Hicfl cll
* u t! cHrcd(osolor)cs,i

(i) Nrdc,dr6bciHrNHi.drizo .. vrm
! rh (cNGo ; cucNGo
(iD clHco.si 119, c:la5corts

i*c".<.,t , ' .
P!$co].c.HloH'c.HlcozN!

of sdDn bo?lder Ndd !o(4) 
'o 

reEk bs@ir

! = cH jcu(oH)Gi c - cHicxjcsrqoNqr.

2 a = qH..o:q'r.R. qr'orr'c = cJlsco:N!,
D=c:H.Br.E=c. | I 'co: | ' ' I .c i l i

C=c^g.Glcts le]H.D=cdl ] .d ic l | :oc|
4 P= !:NcHrco.ts,O = cH,NHi.

r 
^ 

= cHrc!:N{B - {cfiico)ro. = qHjNH..
D = clHjNrr'cL r = 1.1.6 8r.q!:NsJ,

6 w = (cxircrB.,x = NaBr.Y = (cH.):csos,

7 
^. 

cxic,i{!No:.n = cErqsNs:,

[=go:c. ! | l ioc| ] ] . i . I |o iccju.oH,

l0 lEsre'ruiP|stpd[2m0hi ' id id[ga

b@d h aD iN[d, der or sk' riespduna|Hr
Bkr2soq (c s) , i r rd1i00oi  iGc o
bo^d)lDdapdnnm@ idabqrhe oH

c:H,oc,rr., cfl iocr(crhI orcH jocs:cr:cHj
o NrcsloDds b r rtohor. oie onh. nons d

o
()

1
!v,

"-e ie "
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Aedn 3: n sdNrhn d o!6d!D on
lF ?i$l

I (") ri) !s iddi'o.rddio or!trrb@rraopuDd!

(Li) e& otrlroiof rr,hNl!!s23.?rt8od
Fndd cE^! re{doB t*e {r r 1

(r)rr) i=cHrcH cH.H,
ft dinhdiqi.h{ h KoH hdhrtrd

r (r) () o.Nc.n:cri 0.1iid r.4*!iqn
r (rr (r0 ( ri..o:I -( r..d 

-crrjcoNJr.
5. (r) FN Lhc .Lh

. (4) oi{i*!mc,H,oH'dcaico,H $rqir b

(r) 
^dd 

HB. , csicHD,cH,:

11) coNqrdbclstc@ra^d ciE5co,N, Disrl

O cHrcH:cN !!ji::a csrcszcazNtsr

( , r  ( , ) .s jco ls!ar ludi ] l r5 l
( ) h cHjcor & chsF ao be dd(dned

(Lt (cH,),cH nDderlbi.dji icHrcHrcHl

f,) rh! 
'od 

nooq 5 s! i{idry irdsld

o.\ n fr.r'rLEoudrcpbr

H'(4)+.\ (id= r( \(,q) d!6rhe

rii) tu drd errotr ron nd6 6conFu4d

o'"

- 
(cH,).N cHlOj'o + io

, t(cHi),NcH:cs:o!1, ur

(cs,)ir"cH:cs:osf oH
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