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ABSTRACT

Thermodynamic functions C,, S°, (H°— Hg)/T, —(F°—Hg)/T have been cal-
culated* for three asymmetric I-halo-2-fluoroethanes (1-chloro-2-fluoroethane,
1-bromo-2-fluoroethane, 1-iodo-2-fluoroethane) 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 1-halo-2-fluoroethanes

Recently published spectrographic and molecular data'-? have made it possible
to estimate thermodynamic functions, C;, S°, (H°— Hg)/T and —(F°— HQ)/T, for the
equilibrium mixture of trans and gauche form isomers for three asymmetric 1-halo-
2-fluoroethanes (l-chioro-2-fluoroethane, 1-bromo-2-fluoroethane, l-iodo-2-fluoro-
ethane) in the ideal gas ctate at 1 atm pressure. The functions for each given compound
were calculated by statistical-mechanical methods, treating the internal rotational
barrier contribution by the Lielmezs-Bondi method®'*. The results presented in
Table I are fitted to Eqn. 1:

A = a+bT+cT? ¢y

where A is the thermodynamic function and T is the temperature (°K). The constants
a, b and ¢ (Eqn. 1) were calculated using the least squares curve-fitting method> and
are given in Table II. Table II also lists the maximum deviation between the values
listed in Table I and the corresponding values determined through the use of Eqn. 1.
Table I gives the values of the molecular parameters used in 1-halo-2-fluoroethane
thermodynamic function calculations. The molecular structures of the trans and
gauche isomers of 1-chloro-2-fluoroethane, l-bromo-2-fluoroethane and 1-iodo-2-
fluoroethane were estimated (Table III) using structural data (bond lengths and
angles) of compounds of similar configuration® 8. 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 little effect on the
calculated thermodynamic property values. Consequently, although there are no

*For nomenclature see p. 000.
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TABLE 1
HEAT CAPACITY, ENTROPY, FREE ENERGY AND ENTHALPY FUNCTIONS

Temperature CICH-CHF BrCH-CH,F ICH,CH,F
(7K)

Colcaliz-molel K)

298.15 16.21 16.65 17.18
4£00.00 19.93 20.29 20.69
50000 2324 23.53 23.84
600.00 26.03 26.27 26.51
700.00 2835 28.54 28.73
$60.60 3G.30 30.45 30.61
$00.00 31.94 32.07 32.20
1000.00 33.34 33.45 33.55
ST (E U)

298.15 72.56 75.36 77.29
400.00 T1.84 80.76 82.82
500.00 82.65 85.64 87.77
600.00 87.14 90.17 92.36
700.00 91.33 94.40 96.61
$00.00 9575 98.34 100.58
900.00 9891 102.02 104.27
1000.0C 102.35 105.47 107.74
—(F>— H3); T (calig-mole[*K)

298.15 60.60 62.94 64.38
300.00 &4.33 66.80 68.39
500.00 67.52 70.08 71.77
600.60 70.42 73.06 74.83
700.00 73.11 75.81 77.64
§00.00 75.63 78.38 80.26
900.00 73.02 80.81 82.73
1000.C0 80.28 83.10 85.06
(H>— H){T (cal{g-molej*K)

29815 11.96 1242 12.91
400.00 13.51 13.96 14.43
500.00 15.13 15.56 16.00
600.60 16.72 17.11 17.53
700.00 1822 18.59 18.97
800.00 19.62 19.96 20.32
900.60 20.89 21.21 21.54
1000.00 207 22.37 22.68

available experimental data, the overall relative insensitivity of the calculated thermo-
dynamic functions, in terms of deviation in the used molecuiar data values (Table III),
suggests that the possible maximum error should be within the range of the measure-
ment error.



329

1-HALO-2-FLUOROETHANES

‘(1 *ubg) A Jo onjsA pasjoduaIxd 4 ol sy ! A me (1 91qUL) X JO INJRA PIIBIN{BY opF Y)Y 51X

'§O]QULIVA JUBPUIAOPUJ JO JGUINU O} ST 17 *SUOJITAIISQO OU} JO JOQUINU Uy §f 1 OXIYM [ —ti—ttfp(' X —'X) m \!u.,. *s JOQLUNU 03 51 X JO JONY PIBPUBIS,

$LLO'O  T091°0— OV90°0 SSTL'6S 01900 6IST°0— +790°0 0SS1'8S 8LyP0'0  PhP1°0-  1190°0 £B89'SS oS
EPEI'D  9ETI'0—  TSHO'0 0991°TS £ITI'0 PSIE0—  bEVO'0 9L91°1S PPII'O  0801'0~ BIH0'0 TLET'6Y L/GH —ool) -
£8S0°0 $9€0'0— 8810°0 S6SS°L v190°0  §9€0°0— 1610°0 +L86'9 1890°0 $9L0°0— €610 1Is¥'9  Z/CQH - H)
86,00 0S81'0~— TLPO'O BLOL'Y L060'0 TE6T'0— 884070 9K98'E 6060°0 £861'0~ 66¥0°0 SEEI'E o}
10442 paOpUDIS,  HOf X2 q D 10410 pIopUBIS, 0] X9 q D 40413 pIOPUDIS, O] XD q [
JUVYI2040NYf-Z-0pOL=] UDY12040N)f-7-0Ut04g- UDII2040Nf-7 00N DT uojoung

1 'NDI NI D ANY ‘g ' SINVISNOD QdLYINI YD
113714vL

Thermaochim. Acta, 3 (1972) 327-331



330

TABLE III
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MOLECULAR PARAMETERS FOR I-HALO-2-FLUOROETHANES

I-CRloro-2-fluoroetbane 1-Bromo-2-fluoroethane 1-Jodo-2-fluoroethane

Fundsomental freguencies®, v (cm™ %)
Gauche form

142, 290, 464, 685, 843, 126, 264, 451, 588, 821, 116, 244, 431, 526,
963, 1040, 1073, 1197, 9352, 1035, 1073, 1183, 794, 940, 1018, 1063,
1257, 1305, 1390, 1429, 1238, 1284, 289S, 13583, 1175, 1206, 1272, 1396,
1459, 2894, 2915, 2918, 1429, 1457, 2898, 2951, 1426, 1467, 2901, 2901,
2978 2578 2548, 2992
Trars form

132, 2€2, 333, 774, 845, 126, 226, 338, 695, 821, 116, 204, 313, 640, 794,
1640, 1073, 1092, 1197, 1035, 1073, 1094, 1183, 1018, 1089, 1063, 1175,
1252, 1303, 1350, 1445, 1223, 1284, 1383, 1457, 1206, 1272, 1362, 1452,
1369, 2894, 2915, 2913, 1458, 2398, 2898, 2951, 1430, 2901, 2901, 2940,
2973 2978 2992

Product of the principaf moments of irertia, [y~ Iy~ Ic = [ gc (g3 cm®)
Gaacke form

429 x JO- 117 10716 x 1017 18753 %10~ 17
Trars form

36TIx 6127 8584 JO~- 17 14376 x 10— 217

Synuneiry number, ¢

I 1 I

Roistioral isomerization energy®, AE;,, (calig-mole)

200 300 500

Molecular weizke

§2.569 126.968 173.962

Physical cocrstants

Ref. G Ref. @ Ref. 9

“All ‘requencics except an unknown (CH:) stretching frequency (assigned by comparison from a
simifar krown CH; stretching frequency of 2915 em™!) are from Bermani and Jonathan (Ref. 1).
’The isomerization energies used (A4E...), were salected from the suggested range of 4E,,, values

(Ref_ §).

NOMENCLATURE

a b, c

<

dE.,
—(FF—H)T
(H°—HJ), T
Lisc

IAv 18’ IC

M

s°

T

A

constants

ideal gas heat capacity at constant pressure (cal/mole/°K)
isomerization energy (cal/mole)

ideal gas free energy function (cal/molej°K)

ideal gas enthalpy function (cal/molej°K)

moment of inertia product (g*cm®)

principal moments of inertia (g cm?)

molecular weight

1deal gas entropy (E-U.)

absolute temperature (°K)

any of the thermodynamic functions (cal/mole/°K)
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v wave number (cm™ ')
c molecular symmetry number

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