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THERMODYNAMIC FUNCTIONS FOR THREE 
1 -HALO-2-FLUOROETHANES 

G. M. MLJ~A~Y, H. ALESIAN ASP J. Lnx??zs 

Chemical Engineering Department, The Unirersiry of Brirish Columbia, Vancoucer 8, B. C. (Cana&] 

(Received August 3rd, 1971) 

Thermodynamic functions q, S”, (H”- fYg)/T, -(F”- HG)/T have been cal- 
culated* for three asymmetric I-halo-24iuoroethanes (l-chioro-24uoroethane, 
I-bromo-24iuoroethane, I-iodo-24uoroethane) in the ideal gas state from 298.15 to 
1000°K at 1 atm pressure. The restricted internal rotational contribution for all 
these compounds has been treated by the Lielmezs-Bondi approximate method. 

Thermodynamic functions for three I-halo-2-jiuoroethanes 
Recently published spectrographic and molecular data’v2 have made it possible 

to estimate thermodynamic functions, Cg, So, (H” - Ha/T and -(F”- Hi)/T, for the 

equilibrium mixture of trans and gauche form isomers for three asymmetric l-halo- 

2-fi uoroethanes (I -chloro-2-fluoroethane, I-bromo-2-fluoroethane, I-iodo-Zfluoro- 
ethane) in the ideal gas state at 1 atm pressure. The functions for each given compound 
were cakulated by statistical-mechanical methods, treating the internal rotational 
barrier contribution by the Lielmezs-Bondi method3*4. The results presented in 
Table I are fitted to Eqn. I: 

A = a+bT+cT’ (11 

where /i is the thermodynamic function and Tis the temperature (“K). The constants 
a, b and c (Eqn. 1) were cakulated using the least squares curve-fittinS method’ and 
are given in Tabie IL TabIe II also lists the maximum deviation between the values 
listed in Table I and the corresponding values determined through the use of Eqn. I. 

Table III gives the values of the molecular parameters used in I-halo-Zfluoroethane 
thermodynamic function calculations. The molecular structures of the trans and 
gauche isomers of I-chloro-24uoroethane, I-bromo-2-fluoroethane and I-iodo-Z 
fluoroetbane were estimated (Table III) using structural data (bond lengths and 

angks) of compounds of similar configuration 6-* While the bond lengths were esti- . 

mated with sufficient accuracy, the bond angles could only be crudely approximated_ 

However, it should be noted that generally the possible relatively large per- 
centage changes in values of the moment of inertia product have littIe effect on the 
calculated thermodynamic property values. ConsequentIy, although there are no 

‘For nomenclature see p. 000. 
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16-21 16.65 17-1s 
1993 20.29 20.69 
23324 23-53 23.84 
96.03 26.27 26.51 
2535 28.54 28.73 
3630 30.45 30.61 
31.94 32-07 32-20 
3324 33.45 33.55 

f256 75-36 77-29 
77AM 80.76 8282 
8265 85.&c 87.77 
s7_14 SK).I7 92-36 
9133 94.40 96.61 
9g.w 9534 lOO_58 
9x9 1 i 0102 iO4.27 

10235 105.47 107.74 

- (F’ - G)i’T (ca&-n?a&i’K) 

29s_15 60.60 
xJO.00 64.33 
54Kkcil 67-Q 
6o0.m 70.42 
700-m 73.11 
500.00 75-63 
900-w 75-02 

imo_cO SO-28 

(H- - ul,,;T (cd.&lwk~‘K) 
29L!S 1 I-96 
4aQ-00 13-51 
-xnoo 15.13 
6ao-Go 16-72 
7oom X8-22 
800-00 19-62 
9OOm 20.89 

1oao-00 3907 

62-94 64.38 
66.80 68.39 
70.08 71.77 
73.06 74-83 
75-81 77-64 
75.38 SO-26 
80.81 82-73 
83.10 85.06 

12-42 1291 
1396 X4-43 
15.56 16.00 
17.11 1753 
1859 18.97 
19.96 20.32 
21.21 21.54 
2237 22.68 

available experimental data, the overali relative insensitivity of the calculated thermo- 
dynamic functions, in terms of deviation in the used molecular data vaIues (Table III), 
sum that the possible maximum error should be within the range of the measure- 
ment error. 
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TABLE III 

sKxEcLup PAprrumas FOR I--XALO-?-FLIZOROETHA>i 

-I-CX~rs-2-j&orodwu I-Brome2-JZuoroctI.uze I-lodb-2-fborocrhone 

Fmbnwtiaifrcq~Jxci&. Y (cm- I) 
Gu.uche form 

r-l?, _“3* 46%. 685. Ss* 126.264.45i. 588. SZl. 1 I6.2444.431, 526. 
963, lt?-W= i073, 1197. 952, 1035, 5073. iis3. 794.940, 1018. 1063. 
Iz-7, 1:x5. 1390. Iiz9. 1238. 1334. zs9s. 13S3. 1175. 1206. izn. 1396. 
1459. zw, z9915.2919. 1429 . 1457.2693 ,- ‘951 s 1426, 1467.2901.2901. 
29X 297s 294$29!?2 

Trhuzs form 
14; 202. 3s3. 777,s-H, 126, 226. 335. 695, SZI. 116.204,313,640,794, 

IMO. 1073. ro9?. II97. 1035. 1073, 1094. 1153. lOIS. IOS9, 1063. 1175. 
12;: lZB5* 1390. Ms. 1Z3. IX& 1383, 1457. 1106. 1272, 1362, 1452, 
Ii69.2s9-a. ZPIS, 291s. I-w?, ZS9S, zs9s, 2951, I -HO. 2901,290 I, 2940, 
z97Y 297s 2992 

Proakr uf Ck prkc#d momezrrs of i~crC&, IA-f,- Xc = I- e3 cm”) 

GaLUh? /btIZ 
-2429x10-‘” 10716x IO-“: 18753 x 10-l’; 

Tkm.s/brm 
3671 X 1O-‘L’ 855-:x IO-“’ 14376 x IO- 117 

SFzzr.-y nwdwr, G 
I I I 

RO~GK~UF~ ironrri=rrtion rnerg~~. dE;, (cc$g-mole) 
200 300 500 

JfU&~~ Kmi3frr 

83,y I 26965 173.962 

Phrsirpr cctzsfanfs 

Ref.9 Ref. 0 Ref. 9 

-Ali kquacies acepr an unicnoan (CHri stretching freqccncy (assigned by comparison from a 
simiizr knoa;? CH: s~rctching frcqcency of 29 I5 cm- I) arc from Bermani and Jonathan (Ref. 1). 
%%z isomskti2n enuajcs -zscd @EC_). were &ted from the su_ggsted range of AE,_ values 

con.stants 
ideal ,eas heat capacity at constant pressure (cal/mole,PK) 
isomerizztion ener= (cal!moIe) 
ideal gas free ener_gy function (caI/moIej”K) 
id4 _gxs enthalpy function (cal_/moiejOK) 
moment of inertia product ($cm6) 
principal moments of inertia (g cm+) 
molecular weight 
ideal gas entropy (EL U.) 
absoiute temperature (‘K) 
any of the thermodynamic functions (caI/mole/“K) 
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0 
wave number (cm-‘) 
moIecuIar symmetry number 

Superscripts: = refers to the ideal gas state. 
Subscripts: p refers to pressure. 

The financial assistance of the National Research CounciI of Canada is grate- 
fully acknowledged. Thanks are due to B. J. Hagan for performing some initial 
calculations_ 
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