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ABSTRACT

The thermodynamic properties 8°, Cp°, T T

methyland trichloromethyl radicals have been calculated from 298-1° to 1500° K by the methods
of statistical thermodynamics with the help of suitable assumptions for the values of molecular
parameters and fundamental frequencies of the species.

D__ o 0_ %)
H —Ho and -(F Ho ), for methyl, trifluoro-

It is now recognized that free radicals are produced in many thermal and photo-
chemical reactions of organic compounds. Their existence has been proved be-
yond doubt by various physical methods, such as mirror technique, mass spectro-
metry and electron spin resonance. Free radicals are, by and large, unstable chemi-
cal species, and hence defy measurements of their properties.

In this paper an attempt has been made to calculate some of the thermodynamic
properties of methyl, triffuoromethyl and trichloromethyl radicals at different tem-
peratures. These properties’ would be very helpful in interpreting kinetic data for
reactions involving these radicals and also help us in predicting the conceptration of
these radicals in various chemical processes. In the absence of molecular and spectro-
scopic data for these species, reasonable assumptions had to be made regarding
their structure and normal frequencies.

Wilson and Johnston (1957) calculated the frequency factors for several chemical
reactions  involving free radicals, first by calculating the entropies of the reactants,
and then estimating the entropy of the activation complex, cf. also Trotman-
Dickenson (1955) and Benson (1960). Recently such calculations for some C, H
free radicals have been made by Gurvich and Frost (1955) and by Krokpelin, Neu-
mann and Winter {1958) over a temperature range of 273° to 5000° K. In this paper

we have calculated
o op GRS (B2
S ’ Gp ’ T - T

wr CHg, CF3 and CClg from 298-1° to 1500° K. Molecular data used by us are sum-
winrized in Table 1.
Moments of inertia calculated from the above data and the fundamental fre-
-sacies used are given in Table IT.
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TABLE I
Moleculur data
x
H ¥ Cl
Parameter
c—X 1-09A 1-49A 1-76A
X—-—C—X 109° 28’ 109° 28’ 109° 287
TasLe II
Moments of inertia —~CH,4 —CF, —CCly
IA (gm. em.2) 5295 10-490 186:8 X 10-4¢ 486-7 X 10-4
I, = I.(gm. cm.2) 3-163x 10~40 97-34x 10-40 249-6 X 1u-10
IA . IB . I(: (gm.3 cm.8) 52-98 X 10-120 1-77x 10-114 3:033x 10-113
3336, 950, 888, 691-5, 471, 460,
v(em.~-1) 3414 (2), 1446 (2), 956 (2),
1627 (2) 480-5 (2) 243 (2)

Fundamental frequencies used for —CHj, CF3 and CClg are those of NHg, BF;, BClg.
Contributions to the thermodynamic properties due to translational, rotational,
vibrational degrees of freedom were calculated from the equations given below :

Translation contribuiion :
S°tans. = 6-8636 log M +11-4392 log 1'—2-3140.

o H°—Hy° .
U trans. == (—T—‘J—)tmm‘= 4-9680
- (F_:_{&

7 ) =.6-8635 log M +11-4392 log T'—7-2820.
trans.

Rotation contribution :
Srot. = 22878 log (1 11 . X 10117) 468635 log 7'

~4-5767 logo —0-0332.

CUp’rot. = (H—_TH—°)M = 2:9808.
- (ﬂlﬂ—”—) = 2-2878 log ({ I ;1 ;10117)46-8635 log T
tot.

—4-5767 logo—3-0140.
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Vibration contribution :
2 o i
Cp® = 1-9872 Z _u___z
N (ez"'" 1 )

HD—HOD. X
— = 1-9872 :
vZ

7 T}

4

- (L',_lp{?{i) = —1-98722ln(1—e"°‘)
1

_V‘hC
T kT

g

v; being one of the fundamental frequencies (in wave numbers).

Using the above data, calculations have been made for the thermodynamic
properties at one atmosphere (ideal gas) and the results for CHg, CFg, and CCl; are
summarized in Tables I1I, IV and V respectively.

TaBLE 111

Thermodynamic Properties of CHy

. H°—Hg® Fo—H,"
Temp ° Cp T T
’ Cal/deg/mole Cal/deg/mole Cal/deg/mole Cal/deg/mole
208-1 47-4 85 81 39-4
300 47-4 8:5 81 39-4
400 . 50-0 9-2 82 41-8
300 521 9-9 85 43-6
600 54-0 10-6 88 45-2
700 557 11-4 9-1 46-6
800 57-2 12-1 94 47-8
900 58-7 12-7 9-8 48-9
1000 601 13-3 10-1 50-0
1100 61-4 13-4 104 51-8
1200 62:6 14-4 10-7 51-9
1300 63-8 14-7 11-0 52-8
1400 64-9 153 11-3 53-6
1500 66-0 15-7 11-6 54-4

There are several sources of errors in our calculations. Firstly, we have as-

sumed that all these free radicals Have ‘ pyramid structure’. We have no reason to
say why they cannot be planar. But this will not make much difference in our
calculations as the increase in the moments of inertia will be compensated by simul-
taneous increase in the symmetry number. Secondly, besides choosing th'e‘ funda-
mental frequencies arbitrarily we have not taken into account the errors arising .due
to an harmonicity. It has also been assumed that the free radicals remain unexcited
electronically at all the temperatures and the electronic partition has been taken
equal to 2, which is the degeneracy in the lowest electronic state.
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TaBLE IV

Thermodynamic Properties of CFy

o o HO_HOO FO__‘HOQ
Temp. 8 Cr T - T
Cal/deg/mole Cal/deg/mole Cal/deg/mole Cal/deg/mole
298-1 64-1 12-1 9-3 54-8
300 642 12-1 9-4 54-8
400 67-9 13-8 10-3 57-6
500 70-2 15-1 11-1 60-1
600 74-0 16-1 11-9 62-1
700 76-5 16-6 12-5 64-0
800 78-8 17-4 13-1 65-7
900 80-9 17-8 13-6 67-3
1000 82-8 18-1 14-0 68-7
1100 84-5 18-4 14-4 70-1
1200 86-1 18-6 14-8 71-4
1300 87-6 188 151 72-6
1400 89-0 189 15-3 73-7
1500 90-3 19-0 15-6 74-7
TaBLE V
Thermodynamic Properiies of CCly
. . H® “'HOQ Fo— Hoo
p p — - —
Temp. Cal/deg/mole Cal/degfmole Cal/ dg; Jmole Cal/de, gffm,o] e
298-1 71-9 15-0 11-3 60-6
300 72-0 15-0 11-3 60-7
400 76-7 16-4 12-4 64-1
500 80-3 174 13-3 870
600 83-6 180 14-1 69-5
700 86-4 18-4 14.7 71-7
800 88-8 18-7 15:2 73-7
900 91-1 189 156 753
1000 93-1 191 15-9 771
1100 94-8 19-2 16-2 78-7
1200 96-4 19-3 16-5 80-1
1300 98-2 194 16-7 815
1400 98-5 19-5 16-9 82.7
1500 100-9 19-5 17:0 839

With all the above sources of errér, the values calculated can be fruitfully used
{or the purposes already mentioned.
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