CHAPTER O

TN EREAL ROTATION I o, DICYANOATEANTS 1IN
BIEEZENE SOLUTION

241 JIntroduction

Studies on the dleloetric absorption of microvaves in a
number of syl halidess® shoved that the esults could beo
analysed in terms of rolaxation times betwesn o linitsy the
louer 1indt boing deternined by the segrmental ovientation of
the torminal -CHgBr ghoup and the upper 1imid corresponding to
tho endeover-end vobabtion of the ontire noloenle, Similar
studies in the case of a0 dihalonthanes s with the two
dipoles attached to the two terminals, showed that the results
could be ggually ropresonted by Dovidson-0ole skoued are plots
and aleo by the agsunption of two indspendent Debye Ltype
absorption processess In mramr'%a~héva & elosr undegstending of
the dipole oriebtation processes dn floxible ehain moleculosy a
programmd vas undertpken to oxtond sinilar studies in the eago
of o number of ﬁ o, disyancallianes, In tho present chapter
dielectrie absorption of l,2-dicyancethane, 1,3~dieyanopropanc
and 1,4-dicyanobutane at different microwave frequén@ies hava
been made and the resuits snd the discussion ave presented in

this chapler.
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The ozperinental veluos of diglectric permitiivity e’
and dleleetric loss €’ at different microvave freguencies and
at different temperatures together with the valueg of statie
&&électrﬁa paroittivity <o at differont temperatures are
given in Pables D.1 = 0.3, Complex plavne plots (Fig.D,1) of the

Zadle 2,3

Obsorved and caloulated volnes of dielectrice
pornittivity and dielectric logs in bensone
golution
conesntrations ars ia mole feaction
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30 4.78 3,08 8,06 0,86 0.95 2,82 2,78 0,80 0,77
ﬁﬁ 455 _ 3,15 3,09 0.98 0,05 2.?9 2 80 0,70 0481

diglectric pormittivity ¢’  and 4i @1aaﬁwie loags €7 shou n
‘gpymmetric distribubtion with o dopressed cehtro in cach of the

dicyanoalkones at all temperatures, unlile the ecase in
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neallyltalides®; o,® @lheloalkancs™¥® ote, whore such plots
showed asyrmetrie distribution, The distridbubion paraneter
obtaingd from the arc plots in the prosent dleyanoalkanas, were
found apprecisble at all tomporatures, vhich is an indication
of tho presenco of sore than one rolawation prosesses ln thom,
Attenpts are thén made %0 ama1yae the dleleetric data in temns
of tuo ?élaxatioﬁ»preeésées by the least square mothod desevibed

in Chaptopr 3,

Obzerveld and calenlated values of diclectric
permitéivity and dielsetric loss in bennmens
solution
goneentrations are in mole fraction
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U €. e e e e e e” ¢
TE €0 Gpa “cal bs e Sbs a1 obs Cem

30 4,30 581 B8.66 470 .97 98,08 5,18 78 80
45 420 9,80 5,65 .61 72 S.0B 8,36 L6 .7
60 4,08 3,82 5,61 .80 .66 .08 8.1 92 72
S i’-—‘%g&aﬁﬁ o fm%w e
B0 4,30 B.92 2.8 I8 76 B.96 2.7 168 1060
85 4,20 204 8,00 W2 WTE BB 2,77 .68 .64
60 4.08 2,05 3,01 ,70 70 2,78 2,99 02 65
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Tho celoulations for the ﬁemmmmdn of Ty Tp C; wWETS
é’mm out on IBY gmgzﬁ%:@m 1130, Tho caleulated walues of €7
and €’ are alse ifneluded in Toblos 9.1 = 9.3, The values of

M ex o and 0 at 4ifferent temporsturcs aro given in
Table 0.4 and the valueg of Ty ,Cp & and Cy  ab gifferont
tonperatures gre glivon In Tableo D48, Tho bBerpiers o moleenlar
voorionbation AHe, and to intornal vobtebion  AHe, were
obtained from the stralght idne mlezs, of log ("To) vs Vv . ged

log CTe2dve 1 (FAEaD.8 = 2,4) pospectively, The enervgy
barrdor for viscous £lov wap obtained from the plob of leg®» ¥t Yy
(F1g0.248 = Dud)s The dipolo moment Ac  wes calenlated from

the squation®

. okr (€o- €0 (2ot €£x)
4N Eo( CcetD)?

where N is the muber of solute nelocules pér ml, of the
golution, The valuss of Ale, AWe, AHn  gre included
in Tablo 9.6 and the valne of My included in Tadble 8.5.

| r

I can be soen from £ablo 8.5 thet the larger relazation
tirie 4 at any temporaturd in 148e, 1,9« and lyd-dievericalinnes
Yespectivaly ave consistent with the incrogssing sisos of ‘the
‘molesulog and are ovidently the moleculsr rolazation times. The
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;m&laa&la@‘raiaxaﬁi@n‘time, 2y ©f 228 pesos ot Sﬁﬂﬁ in

lsé=Gleyanchutane is comparable with the moleenlar relazition

tdme of 83 pesec at 85°C 4n 1.8-Aibromcbutane”,

3

1ob19 9.3

Obsorved and ealeulated veluos of diclectric
| porntttivity and dlclectvic loss in bonseno
| sofution ~
congen ‘t’*‘aﬁiﬁﬂs sro in mole fraction
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4,30 3:81 388 78 7 888 2,85 60 61

402 532 3,09 (6 6 B4 288 G4 .6

T = 26,0 Gﬁ“‘ e n,.b.u GHe

BT 278 .58 ‘m 2,70 2.68 285 47
“E’,}.{B ' g@?é gn %S‘ :5% qﬁ% 3;"85 ga% ¢i€§ ‘#él
.73 2,92 W85 08 2,60 E.w L3 40
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fhe shorter reolamation timo ¢, 31 a2ll the @zmsmmama

iying in tho range 4 - 5,8 pesee st 30% COmpaze woll with the

rolaxation ting 6,5 p.seg at 30%; of the ackond tmi (@Eﬂcz.;:a

molecule in bonsene solution reported by Dloranta and Radaba®
and 1o post probably due to the rotation of bhe ~CHCH group
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in-éaea of the dicyanoalkanes, It umay be noted that both tho
poleeular and intramolecular relaxation times docronse with
increase of tooperature of tho solubion ag are gonerally
ohgerved in polar liquids,

Dlgteibution paromebor

The distribution pagameter of  4in Table 9,5 8 1,8 and
3g@aﬁieymmeazkamaﬁg-&ecraamas as usual wiiﬁ.ineraaa@ of
témperature but in the é&sé af:zgﬁéﬁiéyanoprapane, the J evalue
inercages with the increagse &f tenperabture. Similsr increasge in
he vailze 9f o in 1yd3epropancdithiol ot higher temperatures
reported by Roy ot al.? vas attributed to the ineroase in the
‘proportion. of the higher.energy IT conformor, which boing more
| :agteméeﬁ than the othor conformers GG and T8y has gobt a largew
 .?@1axaki@ﬂ,ﬁime ard consequently the larger value of the
Aiztribution parametor o - than the other two Torms, S0 the
‘game explanabion way be appliceble for the incrosse o x evalue
at higher tomperature in the 1,2-d4cyanopropanc, which 1s also
has three conformers in the liquid state® 30, murther 4t con
bo seen thet ot any temﬁer&tage,vthaﬁcx =yalue 1g in the
inereasing order from 1,2-dicyatvettione to 1ydedioyanobutatiay
probably duc to the number of sognenial osceillation ground the
yirdous C=¢ bonds increuse, with the inevease in nusbor of

guch bonds,




Valaes of My Ex donsity (A o viseos ity ()

e — —
i My * gm/bc R 2 4

— T aeetoyanestiane
30 me0 2,40 878 0.7
a5 2,18 2.3 867 0.4z
60 2,15 . 2,30 . L850 ' 0,36
B A"I,amdzevaﬁayr&aane T

20 281 2,85 B0 0,50
45 . BT 2,95 868 042
6 2,18 2,87 .%a,_ 0,86
e gyémaicjan@ha o o
0 2,21 . 2,39 e 0.6
45 - 2,30 2,98 B62 O.ol4

The mplegular orientation fe found 0 be (Table 9,55 the mpjor
velaxation process in 158« and lsd-dicyancslluonesy whebeas

in i,ssfisyan@yragasa the cartﬁibaﬁiaﬂ fyon tho Interaal
rotation 45 only a 1dttie loss than tnat of the moleoular

reerieﬂtutiom.

The barrior to molecular roorionbation ( ate, ) in
1.2=d1cyanoetiane and’ 1,3=dlcyanoprosene in boensoho solution is
ghout G064 and 1,24 Eeal/fmole respectively and whieh 45 half
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the value of the bawrier to intornal votation of (1.2 and 2,42
Yenl/molo respectively) the a-éﬂgc:ﬁ group of the m,szpactive
molectles, In the caso of lyd-dicyancbutane the barvier to
inteorral wotation ( Aoy = 8,60 Keallimole) ds about throe

. bimes es large as that aué to the moleculsr réori@nm@%iﬁn, It
is olso noted that the barrier to interpal rotaotion inerease as

tho number of Ce0! robational axes incroagg,

Table 0,86
Values of 1, ©, ® C oand At

I 10 : Ty A0 5
_ 1yB-dleyanoethane |

B - O 14,3 8.8 S0 3,50
Y, 085 15,1 2.1 80 3,57
€0 JO60 11,8 9.6 .90 8,65
e

80 .10 £20.6 5.8 +53 3,66
45 5 17.0 4,6 .60 3,68

I S T S

14=dicyanocbutuna

30 v 16 et & . B.6 73 3 g86
. 48 7. 10,8 2.8 84 3,88




' Bipole momont

In all the three dicysnoallanes in bonsene solutlon the
apravent dipole moment (Table 0,8) fe found to increase with
incrense of temporatuve of the solutilen indieating thereby the
presence of nore than one econformer in each of them aud that
the conforner vziﬁi;,'hﬁ;gher monent ﬁ.-g«-_ of higher ﬁ;zeé.gy forn, From
spoctrogseopic studies 3t is reported that in 1,2«dicyoncethane
in the pure liquid state, thero exist two conformers frans ond

- ganche, the latter being of the lower cnergy forn but having

sthane in bencene solutien, the eonforner having bigher dlpole
noment, is of higher enorgy form, which iz jJust oprosite ¥o

that in pure ldauids This differonce in bobaviour in pure

l1iguid and in solntion, may be ewplained as dud to tho molecular

nesceiation in the pure iiquid but in solution such nsscclation

does not axist.

Valuos of Anw, oMe, ., AHey

AH«) e Aoy - | | AHQ_
Kﬂal/hﬁié ' real/nole Keal/oole

1y2-dicyancethana RS D64 1,80
1¢8=dicyanopropane 2,06 1.34 LI
iyd-dicyanobutane 2,02 1428 3,69




mmﬁmscepm studios have ghown that three gonforners

| c@, 0 and 77 (Pig.9.5) are prosent in 1,3—aicjnﬁaprapaﬂ939

and tho formor two forms gre in comparsble proportion vatle the
T Form present in minnte yxoyartion. Frem the bond moments

and bond angle calgulations, 46 is found thot the dipole moment

of @G ( ~3.,8 D) and 70 { =4,0 DY are nearly the sume

and that of TT form (= 4,5 D) 4y appreciably mgs:e and is

nmra extonded than the aﬁhar o forng,

The dnerease 4n Jxa apporent dipole moment &z@fﬁz incrense
m temmmmm in this 18 imiﬂ may be attributed to tho incrense
in tho proportion of the 1T fork ot highor tenporeturs, and
an dnercase in the IT foum at higher temperature caunses an
fnerdose fn tho volue of Bhe dlstribution pavamcier « a% higher
tesperature os mentioned carlier,
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Approximate calﬂamt:itens e::f ﬂi@a&a mmn’saz 08 the thyeo

3 ‘f'eani'cmem of 3,3-ﬂzammmo:g:am i‘rm mnﬁ angles zmd bond

" nonenta - My o= ﬂxg*ﬁ = 3;3 D

A= 2o} w 20 stngo®
Mew 48D = 45D

- Te conformer

(ua_::: -y c@s :350 g e08 6®° cos 5% + Al gdn Gii} a&n ‘2@6

My = M1gin 35‘“3 - g GG&“ > sin 75°

Mge  ugaln 60% cos 2o°

8¢ _donforner

Mz = My ces 80% cos 380 s ucos 80° cos 35°

= My cos 60° sip 78° + u; cos 60° sin 787

= 2,008 go® sin 75°
(Mt = 347D ™ 3,80 B
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