
69 
Thernxoclrhimica km, 7 (1973) 69-73 
(2 Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium 

THERMODYNAMIC FUNCTIONS FOR BIPHENYL AND THE 

4,4’-DIHALOGENOBIPH ENY LS 

H. ALE%lAN AND J. LIELMEZS 

Chemical Engineering Deparrnwnr. The Lfnirersit_v of British Cdnnlhiu. I Sancorrc-cr 8 f Cum&) 

(Rcccivrd 6 Slrtrch 1973) 

ABSTRACT 

Thermodynamic functions. Ci, S’. (If’- Hi),% -_(F - Zji)jT. have been 

calculated for bipheny-l and three 4.4’-dihalo_genobiphenyls (4.4’-difluoro-, -dichloro-. 

and -dibromobiphenyl) in the ideal gas state from 295.15 K to loo0 K at I atm 

pressure_ The restricted internal rotational contribution for all these compounds has 

been treated by the conventional Pitzer-Gwinn method. 

The agreement between the calculated and the available experimental values is 

excellent. 

a. h, c constants 

%3 number of minima of the rotational barrier function 

=P ideal zas heat capacity at constant pressure (cal/mole K) 

-(F’- H,)iT ideal :as free energy function (Cal/mole K) 

(H2-Hpt)/7- ideal gas enthaIpy function (cal.:mole K) 

IA- I,, 1, principal moments of inertia (g cm’) 

A-n moment of inertia of rotating top (g cm”) 

Z red reduced moment of inertia (g cm’j 

S’ ideal gas entropy (e-u.) 

7 absolute temperature (K) 

x A’ xB, rlC directional cosines 

F wave number (cm- ‘) 

G moIecuIar symmetry number 

iI any of the thermcdynamic functions (calimole K) 

Supercripts ’ refer to the ideal gas state 

Subscripts p refer to pressure. 

IXI-RODUCTION AXD DISCUSSIOS 

t 

The recent availability of spectroscopic and structural data for diphenyl and 

4,4’-dihaIogenobiphenyls *-‘_ has made it possible to estimate the thermodynamic 
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functions-heat capacity. enthalpy. entropy and free energy-for these compounds 

in the ideal gas state at I atm pressure. The functions for each given compound were 

crtlculated b; statistical-mechanical methods. treating the internal rotational barrier 

contributions b>- means of the conventional treatment of Pitzer and Gwinn’-‘. The 

resuIts presented in Table I are fitted to eqn (1) 

;I = nihTicT2 (1) 

where A is the thermodyxtmic function at temperature T_ (K). The constants n. h and 

c (cqn I) were cnlculated usin? least squares curxe fitting methodsr and are found in 

Table 2_ This table also _cives the maximum deviation between the xtlues listed in 

Table 1 and the corrcspondin go values determined through the use of cqn 1. Table 3 

prcscnts \-aIues of the molecular parameters used in thcrmod_vnrtmic function 

cakukttions. The molecular structural data and conti_curations appeared to be well 

established ‘-‘. all the investigators *-’ suggesting that biphenvl and its various 

substituted deri\-ativcs are non-pianrtr (.staggered configuration) in the x-rtpour phase. 

TABLE 1 

CALCUL.+TED= COSSTANTS U. h ASD c IS EQUATLOS (1) 

Biphcnyl 
c; -__6319 I S-S6 - s._:scJ 0.G-t I 
CH--HoiT - I.1058 s.14 --3.‘01 0.15’5 

-_(F -H&*7 J9.0197 T-i5 - o.z%s 0.055 I 
SZ -Ii s139 15.9s - 3.OSZ 0.1:9s 

J.i’-DinuorobipIlrn)-I 
c; -2_1746 I S-75 - S.570 0.599 I 
IN’- H&)-T - 0.0791 9.1 I - 7.766 0.063-l 

-_(F- - if,, -T 49.YO-w 9.06 - I.759 0.0099 

S- 4Y.S’54 IS.17 -4.I3 o.ofz3 

4:.4’-DichlorobiphcnyI 
c; I.1736 I s-1-: - 8.364 0.5951 
(If -If,, T 1.6596 9.15 - XJY 0.0485 
-(F=- H,)‘T ZIAISO 9.72 - I A57 0.0 I i9 
S7 53.07Th 1 g.s7 - 4.505 0.0472 

-I.-l’-Dibromobiphcn>-I 
c- 2.9515 17.91 -Sp.ISS 0.503 
(H’- If..jo)‘T 3_ 1723 9.02 -‘SOY 0.0463 

-_(F’-ff;)T 54:.OCG7 IO.13 - I .s54 0.0407 

S’ 57.2’50 19.15 --l-663 0.055s 

a Constants for cqn (i) calculated using input data for trmperzture ransc ZY8.15-1000 K. b Standard 
n 

deviation of residuals. S = z ( lei-- yi-i_)’ tn--JI-- 1); where II is the number of obscrxations; nx i3 
i= I 

the number CI~ indcpcndent ~ari;ibics; yi. is the i-th obscn-cd value of Y (Table 1) and l’i- is the 
predicted x;llue of Y (cqn 1). 
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TABLE 3 

hlOLECLjLAR PARAMETERS OF BIPHENYL AND HALOGENATED BIPHENYLS 

Biphen_vI 4,4’-difuoro- 4,4’-dichloro- 4,4’-dibronro- 
hipJren,-i hiphcn_ri bipJzenyi 

Fundamental frcquencia (I; cm- 

3073 30i3 
3072 3070 
3069 3069 
3069 1613 
1595 1567 

1481 1455 

1337 I317 
1266 1233 

8171 IISS 
809-t 1072 
no19 1007 

990 979 

901 964 

902 S3S 
ii5 7-a 
697 670 
615 609 
4S6 405 
167 307 

II2 77 

3072 

30i0 
3069 
I595 
1505 
1430 
I-w __ 
1191 
II55 
1042 
1003 

96-s 

917 

S3S 
735 

626 
543 
367 

265 

3073 

307’ 
3069 
1600 
1519 
1391 
I x4 
I t:z 
1153 
101s 
966 
932 
S2I 
SO6 
653 
5-Q 
45-I 
415 
253 
96 

" (id 

3073 

3070 
3069 
I5S6 
I496 
1320 
1x3 
1230 
1100 
1017 
95s 
547 
SI2 
77s 
635 
515 
415 
3s9 
z5< 

‘72 

111 
3071 

3070 
1604 
1555 
1394 
I302 
1267 
II6z 
1095 
1008 
93s 
S40 
91’ 
704 
630 
515 
315 
35s 
IiS 

3072 
3072 
3070 
I593 
1505 
1350 
I275 
IIS 
1096 
1013 
957 
941 
517 
7” __ 
63i 

536 
406 
306 
219 
95 

3072 
3070 
3070 
I593 
I474 
1300 
1271 
IISO 
1070 
lOO-% 

953 
843 
SI’ 
704 
677 

501 
-No6 
306 
315 

63 

3072 

3070 
159-I 
IS.56 
I3S9 
1275 
IX_, 
1133 
1019 
1000 
949 
829 
i6S 
696 
538 
423 
369 
270 

157 

307’ 3073 
3072 3oio 
3069 3069 
1557 I5S4 
I498 1470 
1370 1300 
1263 1115 
IIM 1166 
1079 1071 
1016 1010 
970 96, 
944 941 
514 SOS 
715 672 
635 62-I 
497 460 
-lOS 355 
271 237 
190 167 

s9 73 

3072 

3070 
1568 
153s 
1383 
1x2 
1224 
II00 
1069 
1000 
949 
ssz 
757 
665 
237 
412 
316 
7-3 ___ 
145 

Principai moments of inertia. g cm2 x 1O39 (refs. I and 3) 
I 
I;: 

‘9_644 29.644 29.644 
13S.3S6 259.023 464.517 

IC ! 7S.0’9 3 I S-669 494.146 

Reduced moment of inertia. g cm’ x 1O39 (rcfs. 1 and 2) 
I rai 7.311 7.41 I 7.411 

?.foment of inertia of rotating top. g cm2 :* 10j9 (refs. I and 2) 
J&z 1-U” I -UK! 14x2 

Used value of rhc enerz- (kcaI,‘moIe) of internal rotational barrier (refs. I and 2) 
3 3 3 

%foIecuIar shape factor (rcfs. I, 2. 3) 
4 4 4 

:u’umber of rotationa barrier minima, n, (ret I) 
z z 2 

PhykxI constants: ret I?. 

29.644 
9 16.47s 
946.171 

7.41 I 

14x2 

3 

4 

2 

However, calcutations made for planar configuration and staggered configxation 
(existed structure’. possessing a dihedral angle of 45k ISi) separateIy. showed that 
charqs in cakuiated thermodynamic function values are small (x0.1 ‘3/o increase for 
bipheny1 and even smalier increase for haIogen substituted derivatives of biphenyl 
molecule). 
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The 

calculated 

Value of the reduced moment of inertia5s7, Ircd, appearing in TabIe 3, was 

from eqn (2): 

rl -z zi21ml 
z I, i red = 

L 
(2) 

Ii i = X.U.C 

Where 1, is the moment of inertia of the rotatins top about the chosen axis of 

rotation; while I.%, IBT 1, are the principal moments of inertia and rA_ zR_ rc are the 
corresponding directional cosines. 

Comparing the caIcuIated thermodynamic function values xvith the available 

calorimetric me;lsurements’, it was found that for biphenyl (using the two-fold 

internal rotational barrier of 3 kcaI,‘moIe as sugested by Barrett and Steele’) the 

spectroscopic entropy at 525.40 K was 0.02 A/K Iess than the calorimetric vaIue*. 

This is in excellent argreement with the measurement and strengthens the certainty in 

the correctness of the low frequency assignment vaIues’. The presented thermo- 

dynamic function values (Table I ) also compare satisfactorily with the thermodynamic 

property values for biphenyl as obtained by Katon and Lippincott’ who used some- 

what different Iow frequency values. 

In this work we have used an internal rotaticnal barrier height (Table 3) of 

3.0 kcaljmole for a11 of the 4 compounds_ It should be noted that this is an approxi- 

mation and neglects the symmetry and substituent halogen atom effects on the 

interna rotation 1 O- I ’ of the rotatirg tops. However. the uncertainty in the choice of 

correct internal rotational barrier is apparentIy much Iarzerlv9 than :he neglected 

effects”-’ I_ 
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