Thermochimica Acta, 44 (1981) 43—57 43
Elsevier Scientific Publishing Company, Amsterdam — Printed in Belgium

THERMODYNAMIC FUNCTIONS FOR METHYLHALOSILANES

F. BENNETT, JR. * and J. LIELMEZS

The University of British Columbia, Department of Chemical Engineering, Vancouver,
B.C. V6T 1W5 (Canada)

(Received 30 July 1980)

ABSTRACT

Thermodynamic functions (heat capacity, enthalpy, entropy and free energy) are cal-
culated for methylhalosilanes, dimethylhalosilanes, and dimethyldihalosilanes in the ideal
gas state from 298.16 to 1200 K at 1 atm pressure, Statistical thermodynamic methods
have been used in the calculations, with functions corrected for internal rotation by the
method of Pitzer. Agreement with other literature data, where available, is satisfactory.

INTRODUCTION

The recent availability of spectroscopic and structural data [1—17] has
made it possible to estimate the thermodynamic functions — heat capacity,
enthalpy, entropy and free energy — for a series of methylmonohalosilanes,
dimethylhalosilanes and dimethyldihalosilanes in the ideal gas state from
298.16 to 1200 K at 1 atm pressure. The functions for each of these com-
pounds were calculated by statistical mechanical methods treating, where-
ever needed, the internal rotational barrier contribution by the method
developed by Pitzer [18]. The calculated results are found in Table 1. The
functions have all been fitted to a five constant polynomial of the form

A=a+bT +cT?+dT3 +eT*

where A is any thermodynamic function at temperature T(K). The con-
stants a, b, ¢, d and e [eqn. (1)] have been obtained using linear least squares
curve fitting methods [19], and are found in Table 2. The molecular struc-
tural data needed for the calculation of thermodynamic functions are found
in Tables3 and 4. Table § presents a comparison of computed values
between this and other work, while Tables 6 and 7 give the possible uncer-
tainties in the calculated final function values.

* Present address: Texaco Canada Resources Ltd., Willesdan Green, Alta., Canada.

0040-6031/81/0000—0000/$02.50'© 1981 Elsevier Scientific Publishing Company



8L'83T TL'8TT 93'3TT 1€'90T 8%'60T 8E'L0T 0ZF0T ¥6°00T 93¥6 6826 3868 ¥6'98 00°099
85031 SS°STT ZT'60T 92201 L¥'90T 8E'%0T S8TTIOT L6'L6 V€26 LT06 3T'L8  8L'S8  00°009
02'LTIT 032311 €80T L0'66 GE'E0T $2'101 £0'86 9896  10°06 g8°L8  g8'¥8  E9'I8 007099
€9'€TT  L9'80T 98'20T 2L'G6 00001 96'L6 3L'¥6 1916  99°L8 gv'S8  I¥'%8  8T'6L 00008
%8'60T €6'%0T 4986 02336 1896 6%V'P6 €316 12'88 8678 L8738  L8'6L  BLOL 00°09F
QL'S0T  €6°00T 9296 6988 €8G6  ¥806 99°L8  £9'%8 228 91°08  0%'LL  9T'FL 00°00%
LE'TOT €996 8S°06 99'%8 T6'88  L6'98  89'EE  98°08  9£'6L 08'LL  68F%L  9¥'TL 00098
19'96 66'16 6098 L£08 GLP8  ¥8%8  99°6L 88'9L  823°9L 93'7L  I¥'IL  £9'89 00008
gv'96 1816 G698 1308 6S'F8 8938  Tv'6L  8L9L  9T9L SI'PL  63'IL TS89 9T'863
(y-3 j_ot0W |_3 [80) oF

16y G¢'6F TI6P 9L'8y 9E'8P  838F O¥'8F 13’8y  66£°GE £8°6¢ 8398  0T'SE 000031
¥8'8%  L9'8% T98Y  PI'SF  GLLY  VOLVY  LLLY  9S'LF  S6'FE 68°%€  ¥8FE  Q9'PE  00°09TI
£5'8%  90'8% 68LV  LPLV  €OLY  ¥69F  60°LY  98°9F  8¥'IE IVYE LEWE  9T'¥E  00°001T
89'LY  6E°LP 12Uy 9L°9Y  0€'9F 039y 98'9F  IT9F  86'CE 16'8€  G8'6€  39'€E 00°0%0I
68°9% 69'9% 6¥'9F 009y gS'S¥  I¥'Sr  8S'GY  BESY  I'es LSS 0888  GO'EE  00°000T
9T'9%  €6'h GL'GF 8ISV  69FF  LSWP  BLVY  OV'PP  98°GE 8L'3€  OL'CE  €¥'3¢ 00096
88°6% €ISy 68FF  08FF 6L'CF L9V  P8EV  ¥O'EP  £3°TE p1ee  90'2¢  9L'IE 00006
ye'Py LYY 10%v GE'ev ¥8BY 1LY 68%F  99'GY  SS'IE 97’16 LE'IE  ¥0'IE  00'098
99'¢v  9€'Ev LOEY  PEIY  @8'T¥  L9'TF  LBIV  0S9'Iv  £8°0% gL°08 €908 9308 00008
IL'gy  6€%¥ L0y 931y gL'OF  LS'OF  8L'OV L8OV  SO'0S v6'62  £8'62  G¥'6% 0009L
69'T¥  98'Lv 86°0F 600 9968  6€'68 I9'6E  9I'6E  18'6% 60'6%  96'S3  1G'83 00°00L
19°'0%  €3'0F 7868 3888 ILBE  EI'8  9E'BE  98°L8  0€'83 L1'8% €083  €9°LZ 00059
G768  €0'6€ 9988  SP'LE 8698  LL'9E  TO'LE  9¥'98 €LY LI'LE 10k S¥'9%  00°009
13’86  &L'LE 0%'LE G696  $G'GE  T18'GE  PGGE  €6°VE  93'9% 01'92 16'96  8%'9¢ 00°0SS
68'9¢  %€'9€ GLGE  IE¥VE  96'S8E  TL'EE  G6'E€E  9%€E  ITI'SE 36’98  ILVE  00'v  00°00S
98'6€  8L'¥E 60VE 0978  933E  86'1€ LI  GVIE  ¥B'€Y €9'€%  85'€%  69'%¢ 000S¥
vL'ES  60'CE 8%'BE 3908 GE'0E  B0'0E 610 6868 VPGS 13'22 16’13  80'13  00°00¥
36'T¢  ¥2'T€ 1808  LE€'8E  G3'8%  L6'LT  L6'LZ  OT'LE 68007 €902 8203  %€'6T 0009€
36'6% 61'66 31'8%  ©£0'92 ¢6'SEZ V993 99T 9998 LI'6I 88'8T  9¥'81  9¥'LT 00008
¥8'6¢ 1162 %0'8¢  96'G3  €8'G3 66’9z  98'Gg  9¥'Pg  0I'6I I8'8T 6687 68L] 9I'S6%
(13 {-vlow ;_3 [0) §9

I=X =X [0=X d=X I=X =X [0=X a=X I=X = 0=X d=X (1)
XISUEHD) XHISUEHD) X HIS(EHD) ‘dway,

saueisofeyAyjow Joj uoijdounj Adjeyjue pus uotjouny Adeus 2913 ‘Adoxjua ‘Ayoeded jeayy

T H19V.L



45

¥v'ee
60'6%
¢9'03
95'0%

6711
0V'EIT
¢8'11T
6T°0TT
16°80T
84°90T
00'S0T
PT'E0T
GT'T0T
33’66
1 L6
L6'76
TL'%6
£€°06
18°L8
g1°'98
18'28
8%°6.
66°GL
98°5.

Gy IST
€e6v1
LTULYT
6T9VI
¥9°ev1
6% 0v1
LLLET
0%°9€1
8481
vLl'6o1
€8°921

L9'%%
2e'1¢
G861
6L'61

8TOTT
99801
0T'L0T
09'S0T
¥8°601
A% 41)
8€°001
99°86
89°96
¢L'v6
69°c6
L9'06
qe'88
£0'98
69°€8
00°'18
9¢'8L
1€°GL
P1cL
¢0'cL

61971
[ 48448
96°T¥1
PL68T
vilel
LO'GET
19281
G0'e0T
68°L5T
(371
EL 13T

09°'1¢
(44
gL'81
L9'81

9T'701
99601
¢T'101
69'66
£6°L6
9696
76’76
LL'E6
£6°06
€068
S0°L8
6678
98'c8
19°08
96°8L
8L°G.
91'gL
9€°0.
9¢€°L9
¥5°'L9

89°6€1
05°LET
9g°geT
9T'geT
98°08T
09'831
§0°971
16°83T
98°021
IT'811

ST A

G6°61
0981
LT°LT
[S VA S

£6°L6
8¥'96
0096
87°€6
26'16
1€°06
99'88
9698
1298
0v'es
£9'18
8976L
9g'LL
97°'g9L
L3'SL
96'0L
£6°89
96°99
0g%°€9
01°¢9

veeet
8T°081
G0'831
98°951
09°¢31
93°131
$8'811
ve'911
vLe1l
PO'111
€5°801

L6l
8€'81
G6'91
LBOT

8T°G0T
PL°001
8666
8L'L6
£6'06
59’76
%0'e6
ge'16
6568
08°L8
v6'a8
€078
£0°28
$6'6L
LLLL
6V'qL
60'€L
y50L
¢8°L9
GL’LY

T1981
LO'vET
96’181
6L'60T
96°L3T
€2'93T
¥8'¢21
9€'0¢1
08°LT1
4519}
LE'STT

05°61
ST'81
0L'91
69'91

8T'00T
qL'86
0€°L6
08°96
L'V6
6926
LO'T6
09'68
89'L8
06'98
90'¥8
91'c8
8108
A : 1
96'9L
1L'EL
yeI1L
¢8'89
¥1°99
€099

£6°€ET
68'1€T
6L'631
¢9'Lel
8€°951
LO'8eT
89051
12811
99'911
T0'8TI
ST0TIT

16T
BY'LT
L1°91
191

G1°L6
0L°66
G%'v6
GL'36
GG'16
¥9°68
¢0'88
G£'98
¥9°v8
L8°¢8
¥0'18
Er'6L
8T°LL
gr'ael
00°EL
8L°0L
9%'89
00°99
0¥'€9
0e’e9

98°0€1
18'82T
0,921
a5'vel
86631
L6611
8G°LTT
or'att
89611
98'601
60°L01

981
G0'LT
6991
€661

9T'%6
9L'%6
€e'16
98°68
ge'ss
18°98
¢5'68
8g€8
06°18
L1°08
6£°8L
¥9°9L
(407
y9'eL
8G°0L
£9°89
L1'99
08°€3d
62°19
0%°19

Vet
LE'GeT
92°€61
0T'18T
L8'8IT
94°'9TT
6T VLT
ELTLT
6T°60T
$9°901
08°€01

90°GT
191
GTEl
BO'ET

66'88
£6'L8
7898
aLas
89’78
07'€8
81'c8
£608
€9'6L
6584
06'9L
9¥%'qL
96°€L
0¥°cL
9.0
€069
0%°L9
9g'q9
a1'e9
LO'€9

eTvIt
9911
(ANNAL
69’601
88°L0T
81901
av'vot
69201
0,001
vL.'86

6996

08T  SF'¥T  ¥8'CL  00°00%
98'8T  09'€T €631  00°09¢
88T 98T  0GL 00008
¥8'21T  8%2%1 86’11  91'86%
({-¥ ;-o10w ;_3 1e0) L/(§H — oH)
26'98  00'¥8 0608  00°003T
98'G8  96'28  88'6L  00°09TI
8L'¥8  68'18  €8'8L 00001
L9688  6L08  SL'LL 000901
£6°28  99'%6L  99°9L  00°000%
98’18  09'8L %9'SL 00096
91'08 O0€'LL S€¥%L 00006
16'8L  80°9. 9T'€L 00098
g9°LL  1I8FL  €6'TL  00'008
089,  0S'8L  99°0L 0009l
€6'FL  GT'ZL 9269  00°00L
0S'8L  ®L0L 6649 00099
%0°3L 8269 6999  00'009
87°0L  LL'L9 2199  00°0S9
98'89  8T'99  09'€9  00°009
SI'L9  TIS¥9 0039  00°0S¥
98'q9 94739  TE09  00°00¥
¥7'€9 6809  €9'89  00'09€
88'T9  68'8¢ 1999  00°00€
119 1889  $9'99  91'86%
(13 o100 |8 [02) I/(QH — ol )
26°'TTT  18'80T 223°90T  00°003T
S7'0TT 2€'L0T  ¥L'60T 00091
68'80T 8.°60T 12201 00'001I
080T 6T'¥0T €9°00T 00'0S0T
99'60T 6¢'30T 1066  00°000T
96'€0T 98°00T 8€°L6 00096
12'30T 1166 6996 00006
6£°'00T 6346 08€6 00098
09’86 T¥S6 P¥6'16  00°008
$6'96 9¥'€6 1006  00°09L
16°'v6 €716 1088  00'00L



46

Ly'9¢ 1098  g¥'ee  IE'¥E  £6'CE  GL'EE  EL'8E  ¢Z6E 9193 0093 0893  BE'¥E 000031
26'SE  PP'SE  P8VE 69’88  gE'€e  €I'8E  OT'SS 0978  EL'PE  99'F%  98'%%  98°6%  00°09TT
gg'ee  98'¥e  E3've  8%PE  G0'8E  89'2€  G¥'3E  G6'IE  LTPE  ITVE  68'8%  88'€%  00°001T
GL'PE  PE'PE  6G'€E 888 10QE 28'IE  LLIE  PTIE  08'CF %9'€E  O¥P'€3 8833 000901
3T'VE 0968 26GE 89'I€ IELTIE  IT'IE  90'TE 1908 0€'€T 2IET  68%% 9832 0070001
9%'¢e  ©6'Z¢ €338 S6'08 8908 8808 ZE08 GL6E  8LBE 0938 98T  I8IE  00°096
LL'ZE €328  09'I€ 8T'08 2862 1968 9968 L68%  ¥23%% 9033 0813  ¥3IZ 00006
60z¢€ PB'IE VL0 6863 €063 18'8%  GL'8C ST'8C  L9'1¢  LP'IG  2B'TE 903 00098
08'T€ TL'0E £6'6% £9'8% 03'8% L6°LE  68'L3 63°L%  LO'IZ  L8'0%  09°0%  10°0Z  00°008
$9'06 6802 806F3 9L VELZ  OT'L3  66'9% LE'9%  PV0Z  $203  96'6T  9E'6T  00°0SL
696 P0'6c 6183 0L'9% T¥9% 0398 G092 I¥V9Z  6L6T  LS'6T  63'6T  99'8T  00°00L
18'8¢ 9I'82  9%°L% BL'SZ  9¥'9% 3396  L0'9T OV  OT'6T  88'8T  89'8T  ¥6°LT 007099
L8'LET  0B'L3 8€'98 OL'¥E  ¥¥'¥E  02°V¢  10¥% GE'€Z  8E€'8T  9I'ST  ¥LT  6TLT 00009
1892 LT'9% 3%’ 196  8€'€E €I'S%  68'%% 2%°%%  I9LT  8€LT  GOLT  OV'9T 00099
¢8'¢e  60'92 603 S¥Ve%  €%'B% 6618 IL'1Z  FO'TZ  08'9T  999T  €3°9T  889T 00009
L9'¥¢  €6'€¢ 0635  ¥2'I5  €0'I%  8L°0%  G9P'0%  B8L'6T  96°9T  TL'GT  9€'9T  ZL'FT  00°09¥
=X g=X D=X d=X I=X g=X 10=X d=X I=X g=X D=X J=X (6]
TXISH(*HD) XHISU*HD) X HIS(EHD) ‘dweg,

(ponurjuod) T FIAVL



-
!

102L%°L— 821€6'c ¥8809°0—  930€9°9 G98IT'LY Z6LYL0— 961090 L90ST'0— O¥T68'¢ €0188°¢ I=
g8100°'L—  9¥618°'C €I06¥'0—  LESIV9 8120L'GY  SL6TE0— L8GGE'0 TICET'0— 6C9ELG 99%9L°¢ =X
313€9°9-- PLLZO'G  9689¥'0— 8950579 g9TSL’eY 616970 038600 GLTOT'0— 6L0TI97 G6899°¢ [0=X
1€909°9— 8LB09'C 6¥PVP0—  T196¥6'C LI0%TSY S68VLG ST0PL'0— 95600°0 ¥8G66°1 167619 d=
. X HIS®HO
z1-0T X2 g 0L XP 0T X2 20T XQq 0 71-0T X2 g 0T Xp p-0T X2 70T XQq
LI(SH — od)— LI(QH—oH)  punodwio)
08€.8'8T— €7669'L L668E'T— 66996'CT  £3998'8S 89361°31— LSVAL'Y 06E8L°0—  SEVEL'L G%E693T I=X
89298'LT— TE3TT'L TPBSC'T— 6BLYE'ST  68SP¥'SS  L¥96V0I— TPEST'y 00BEL'0—  G9LI9'L CEOLL'TT =X
66609'7T— 98690°9 S8TS0T'T— 8IS6EFT  TEOVE'TS ¥006%'TT— ¥9¥OLY ¥BLIBO— VI¥PIE'S 69€L5°6 0=X
V9GLL'6— $699%'F 661¥8°0— €888S°GT GPSIT'6PF 1PS68'8—  00628'€ BGYGL'0— T0EZS'S q0¥83°9 . huﬂwa S
“XIS1*HD)
9VL¥8'0T— 9BP99'F FLE6B'0— TIGBLGT  L069Z'ES  EE68EE¥I— 99689°S TSVI6'0— GES00'6 gaT1e9L’S I=X
28ILS'0T— 6ETEY¥ £€9698°'0— 6EIBS'ET  PI8BL'TIS 69086°3T— 6IGIT'S ¥0998°0—  SL808'8 8ETVLS =X
8LBLY'8— 66¥98°¢ 0096L'0— £€083'2T  L6VI6'8Y 6998L°6T— ¥¥BLY'L 63LIT'T— BILVPOT  8BLILLG D=X
9L319'9— E6LYT'E £€6889°0— 9SSTS'TT  L6LEL'LY 2P6BT'LT— TOLLY'O  TO¥80'T— G68T30T  T¥600°C .mawx \
wrerranZ{Crrm
XHIS“A*HD)
67866'L— 089e¥'€ 69899'0—  LOLV¥'6 67L00'€S  G9TSC°6— G18%L'E  TO¥¥9°0—  L9BV9"9 GEITY'¥ I=X
96663 L— GLYIT'S 3ET189°0—  E€BI6T'6 ¢83LYV'IS 8789%°6—  6PESL'E  ¥GEI9'0—  PE9G9’9 68198°¢ =X
68850'9—  9IPIL'G 98699°0— 6018’8 6185867 8GBLT'OT— 66ZIT'V TILOL'0— BLGYO'L GELLIC 10=X
LGTEB'E— 68098°'T TOPEV'0—  9%BEG'L ¥9098'8%  LVILE'L— §T19L8'e  T98%9'0— 230689 §9829°1 J=
. X HISSHD
21-0L X2 g 0T XP =0T X2 2 0TXQq v 21-0T X2 g 0L XP 0T X2 -0T X4
oS H punoduron

"1 yJoul {8 [80 UI san[eA [y
(T) "'uba ux 2 pue p ‘2 q ‘p SUL)SUOD PAIRNO[ED

¢ A4V



48

g109T°3T— 673L6'F 9L698°0— 0639L°0T 0668%'0S ¥83EL'9—  €80EL'C E€80LP'0— 99903'S 968998 I=X

ELLOT'TT— LELBSP 6€808°0— 9OTIE¥S'OL  PVOPS'LY 839E3'9—  888€9'¢ ELAPVO— 8BEIT'S  9G¥88'L =X

$BETIG'6—  LPO¥6'E 0QLOL'0— LISEV'6  POgP¥'Pv  061¥0'G—  ¥6¥ET'Z 9966€°0— LI696'F  L9388'9 0=X

29881'8—  9909€'€ £0809°0— €663¥'8  ¥ES0S'3Y 9V0E9'I—  $0%16'0 PH80¥3'0— 98LIT'P  0L96S'9 d=X
UXI1ST(€HD)

906%8'L—  B0LZZ'€ B9E8Y'0— 633L3'8  998G¥'L¥ 91686'F—  IVSEF'T T10018'0— €8EISH  9LLOS'G I=X

1160L°L—  GL8OT'€ 9L3L9'0— €6I9I'8  T186V0°9v 9O¥898'2— 1998’1 13L6G'0— 8BIEY'P  998EL'Q g=x

8L8EE'9—  9Z8V9T €IL6V0— TH099'L  9BPETVP  PI0CI'Z—  60113'T 88L6%°0— OGLLIOV  6E389'Y D=X

86%9T'9—  TBIES'Z TOOLV'0— 9963€'L  T0806'3F SSISH0—  09609'0 ¥3818°0— 0SE8T'Y  QLIES'V I=X
XHISYEHD)

21-0T X2 g OIXP  ,0IX9 L 0IXq D a0IX? G 0IXP L 0IX2 ,0IXQq 0

oS %0 punoduro)

(penuriuod) g ATAV.L



49

LOV1 1]4 721 (45721 a1pT  [2] "wiogap-e EHD
9163 L16% 8163 0262 [2] yorons-s-EHD
263 98632 7863 0862  [2]yoems-e EgD
8063 9863 7863 0863  [2]yoens-e €YD
(I=X g¥{=X glD=X ;d=X JupwuBissy
TXISY(EHD)

[2] uorsi0g O1g

p L83 p V92 p 8632 L83 wxo3ap oIy
P gsT p V6T p 602 p 818 pueq X180 9%% uoisioy EHD
p LOT p 98T p LOZ 0L2 puaq XIS LT 261 q 813 £9% "uLI0jep XIsD
0gg 20¥ L0S 636 yojans X1 qqe 80% 08S ¥96 yo3e138 XIS
LE9 L€9 989 889 puaq HIS 147 86¥ 135 44 1001 THIS
ZLL SLL LLL LLL WOIEHD 969 q 104 669 289 Sem THIQ
998 998 a¥bg 928 yoo1 €D 0%9 699 989 ¥eL Mg CHIS
999 699 1L9 199 Yo3o138 180 98 47 0SL 69L 51088198 THIS
L69 2 LOL p 869 » 804 yo3aN3s 15D 788 668 816 698 Y0308 180
11L 11L 9zL 47 pusq HIS 9g8 1L8 gL8 oL8 y001 EHD
3i8 088 9g8 P78 1001 £§D 876 396 896 ¥16 ¥o01 6O
$06 806 606 126 1001 EHD 3931 3921 $931 9931 wio3op-8 €O
2921 ¥921 $931 9921  [g] wxojop-s €l 9T¥1 gZ¥T  q03%1 91I¥1 wioyap-p EHD
1071 LTPT 0291 2sv1  [g] wogep-e €D 8Iv1 6TV 60%1 9T¥1 wi03ap-p 4D
08¥%1 43740 A 9e¥1T  [g] wojep-e EHD 6813 €613 2613 8812 yojexS-8 THIS
ZL1G 941% 9L1Z 6913 1039138 HIS 0813 281% 8618 3032 yojexis-e Lig
2163 $16% 9162 L163 [2] yojexys-s D 9162 6163 0363 2365 yojans-s DO
$.63 $16% 7L.63 $.6%  [3] yorems-e D LL6Z 8L63 8L6% 8163 yojens-p €HO
L8672 0863 2863 1862  [2] yojems-e EYH 7863 6863 8863 L8673 yojexys-p €HO
I=X g=x 10=X d= JusIUBISSY =X g=x D=X J= WUy
o XHISY(EHD) v XHISEHO

(;-wo) sarouanbaiy fejudTIBPUNY

LA



50

'[g] Komupy pus Jun( woiy sausnbarg ¢

a0 ST} ‘pagewuyse sepudnbayy H—p *[g] Aepmer] pue Bung pue ‘[4] wseAsy pue sjeInjy jo ejep ajes pinbif woxy sauanbaly y
‘[ 9] ejempy pue nznuiyg jo ejep 93838 pinbi[ wosy udle) saouanbarg 5

o~

&

Ial
LYJ

vrrar v rrrn Qrvarore
3itoid UL vdiiju

AQevned oy 1 mann asnae nmhir narr 1avn earnanhary
GUFGP-U .*C VU UJop0 LIV MAUA) UD B STV RT LT u

‘111 yxep) ‘uorjemoped sisAjeus )BUIPIO0D [BUILION o

“Juawiudisse pmbij usuvy p

[ 1] 3120 WO} SJUBWIUSISSE [y "OSIMIOUIO PIIRIIPUL SsaJuN sed Jo umagdads HI Woay sjusudisse fousnbaiy 5

"pinbij o winxjoads ueweY WO} UDYE) SAPUINDdIY g

[ 1] 3Ae[D oy sjuswuSISSe [y "PIJOU ISIMIBYIO Ssojun sud Jo wmydads Y] WOy Uaxe) satouenbaly [V «

991 [g] uomwioy Ois

06 611 891 213 "wi03ep-s TXIg
11T 191 LLT 813 8IM TXIS
981 981 g4 L% yoor TxIg
ya1 212 1844 08g . 001 OIS
%61 961 38% 08g "wii03ap-8 i
908 998 gLy 396 0301388 XIS
age g ¥ £59 3701 yogans-e XIS
3L9 289 889 999 yo30138-8 OIS
88. L6L 908 09L 30158 OIS
05 L 008 €38 £28 yoox e €D
v0L 08. LV8 828 o018 €YD
018 q18 £38 098 yo01 e EHD
978 9%8 LV8 828 yo018 SO
. 2141 8931 1921 8,21 [3] "wuojep-s €D
6681 (1]44 1 3IVI g1yl [g] “woyep-v €HD
I=X ig=x 0=X d=X JuamuBIBEY
EXISYEHD)

(penunuod) ¢ FIAV.L



TABLE 4

Molecular structural data used for methylhalosilanes

Bond lengths
Methylmonohalosilanes (CH3SiH,X) and dimethylhalosilanes [(CH3);SiHX], lengths in A
X=F2 X=C1Pb X=RBr ¢ X=1d
TcH 1.090 1.090 1.090 1.090
re 1.848 1.889 ¢ 1.8890¢€ 1.889 ¢
TSiH 1.473 1.485 1.57 1.487
rsix 1.600 2.050 2.209 2.437
Dimethyldihalosilanes [(CH3),SiX; ]
X=Ff X=Cl &
rcH 1.09 1.093
rcsi 1.833 1.850
TsiH 1.474 1.467
rSiH 1.583 2.040
Methyl Dimethyl Dimethyl
mono halosilanes dihalosilanes
halosilanes

Product of principal moments of inertia, Isgc X 107117 gm?3 cm™6

X=F 787.7 4917.1 13510.6
X=Cl 2962.0 14 078.0 79074.4
X=Br 7 043.8 32802.8 455 700.3

=I 12547.2 57 783.2 1693783.0
Reduced moments of inertia, Iz X 10730 gm cm™2
X=F 4.6813 5.1403 5.1884
X=Cl 4.9886 5.1881 5.2509

=RBr 5.0843 5.2189 5.2791
X=I 5.1673 5.2369 5.2898
Internal rotational barrier, V (kecal g~! mole™! K1)
X=F 1.559 1 2.39k 170k
X=Cl 1.841 2.56 k& 1.7513
X=Br 1.803 2.07 k 1.81k
X=I 1.801 2,18 k 2,02k
Molecular weight 1

=F 64.135 78.162 96.153
X=Cl 80.590 94.617 129.062
X=Br - 125.046 139.073 217.974
X=1 172.041 186.068 311.964

2 Data fromm CH3SiHLF [11].

b Assumed from SiH3Cl [13].

¢ Assumed from SiH;3Br [13].

4 Assumed from SiH3zI [12].

¢ Assumed from CH3SiH; [14].

f Assumed from CH3SiHF; [14].
£ Assumed from CH3SiHCl, [15].
?‘ Pierce [11].

! Durig and Hawley [3,4].

i Estimated this work.

k Durig and Hawley [3].

1 Molecular weights taken from ref. 28.
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TABLE 5

Comparison of computed values between thisa and other work (all values in cal g1
mole™! K1)

Compound Temp. (K) cg S0

CH,SiH,Cl 29816 18.39 71.29 69.4 [2]
1000.00 33.00 102.55

(CHs),SiHCI 298.16 25.36 79.41 77.9 [2]
1000.00 45,68 122,28

(CH3),SiF, 298.16 25.95 25.17 [5] 80.21 80.21 [5]
1000.00 46.00 45,87 [5] 123.60 123.18 [5]

(CH3),SiCl, 298.16 28.04 85.92 85.5 [2]
1000.00 46.69 130.86

2 If reference not indicated, this work.

TABLE 6
Percent errors assumed in parameters for calculation of overall function error

Compound Vy,Vp, V32 Isge Vo
(CH3)SiH,F 0.5 5 5
(CH,)SiH,Cl 0.5 5 5
(CH3)SiH,Br 0.5 5 20
(CHj3)SiH,I 0.5 5 20
(CH,),SiHF 1 5 5
(CH3),SiHCI1 2 5 5
(CH3),SiHI 2 5 5
(CH3),SiF, 2 5 5
(CHj3),SiCl, 4 5 10
(CH3),SiBr, 4 10 5
(CH3)2Sil, 4 10 5

2 V=32, 3 are the three lowest valued frequencies in cm™! in each of the given compounds.

TABLE 7
Uncertainties in final function values at 298.16 K (% error) 2

Function Compound X=F C=Cl X=Br X=1
cy (CH3)SiH,X 0.1 0.1 0.4 0.4
(CH3),SiHX 0.2 0.3 0.2 0.2
(CH3),SiX, 0.3 0.3 0.2 0.2
(H—H)IT (CH3)SiH,X 0.2 0.2 0.4 0.4
(CH3),SiHX 0.2 0.4 0.4 0.4
(CH3),8iX, 0.6 0.6 0.5 0.4
—(F — H3)/T (CH3)SiH,X 0.1 0.1 0.3 0.3
(CH3),SiHX 0.2 0.3 0.3 0.3
(CHg3),5iX, 0.3 0.4 0.4 0.4
S0 (CH3)SiH;X 0.1 0.1 0.2 0.1
(CH3),SiHX 0.2 0.2 0.2 0.2
(CH;3),8iX, 0.3 0.4 0.4 0.4

2 A1l errors obtained by using % error values in parameters as suggested in Table 6.
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DISCUSSION

Methylmonohalosilanies

The carefully documented gas state frequency data of Clark [1] have been
used to calculate the thermodynamic functions of methylmonohalosilanes.
The analysis of Clark [1] involved spectroscopic measurements of the fre-
quencies of deuterated analogues of each compound in addition to spectro-
scopic measurements on the compound itself. In the frequency evaluation
process, normal coordinate analysis has been used [1], and the frequencies
of each compound were compared with those of previous researches
[3,4,8—10j.

The value of the principal moment of inertia product for methylfluoro-
silane was taken from the published microwave measurements [11], while
the values for other monohalosilanes were calculated using bond lengths of
SiH;X [12,13] and CH3SiH; [14] (Table 4). All angles were assumed to be
tetrahedral, and the symmetry numbers were found by inspection to be 1.
Table 4 shows that changes in bond lengths ;with replacement of a hydrogen
by a methyl group are at most 1.7% for the Si—H bond length and 0.25% for
the Si—X bond length (see refs. 11,12, 16 and 17). Assuming that electronega-
tivity effects are primarily responsible for such changes (the methyl group
serving as a source of electrons to a strongly electronegative substituent), we
may expect that the other monohalogenated compounds, being less negative
and neglecting all steric effects, will show less of a change in bond length. If
the angles are tetrahedral, the error in the calculated value for the principal
moment of inertia will be at most 1%. The effect of bond length errors on
error of the values of the reduced moments of inertia was found to be very
small; that is, maximum deviation of 0.04% for 0.25% error in bond lengths,
with decrease in the direction of the increasing molecular weight. The values
of internal rotational barriers are listed in Table 4. For the methylmonohalo-
silanes internal rotational barrier values were available only for fluorinated
and chlorinated compounds [11,4]. The barriers of the bromine and iodine
derivatives were estimated by comparison with changes in barrier height with
substituent atom for the dimethylhalosilanes, for which complete data were
available. The errors anticipated by these estimations are probably at most
20% which by calculation will contribute 0.5% error in the final function
value — compare with analysis of Tables 6 and 7.

Dimethylhalosilanes

The gas state frequency data (Table 3) are taken from the work by Clark
[1]. The bond length values used to calculate principal and reduced
moments of inertia (Table 4) have been taken from refs. 12—14. The error in
the value of the principal moment of inertia product is estimated to be at
most 5%. All the internal rotational barriers used (Table 4) were those of
Durig and Hawley [3].
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Dimethyldihalosilanes

For the dimethyldihalosilanes, liquid state frequencies (Table 3) of a
number of researchers were adopted [3,5—7]. The C—H frequencies of the
brominated compounds, for which data were not available, are estimated in
this work by comparison with the corresponding frequencies of the fluorine,
chlorine and iodine derivatives. For the dimethyldifluoro and dimethyldi-
chlorosilanes, bond data from the corresponding monomethyldihalosilanes
[15,16] were adopted. For the dimethyldibromo and dimethyldiiodosilanes
the analogous dihalogenated silanes have not been previously studied. The
bond lengths that were therefore used were those of the methylmonohalo-
silanes. Comparison of the corresponding bond lengths for the monohalo-
genated and dihalogenated compounds (Table 4) shows that the bond
lengths for the chlorinated compounds differ by less than 2%. Assuming that
the percent difference is the same for the brominated and iodinated com-
pounds, the errors in the principal moments of inertia are found by calcula-
tion to be less than 9%. In case of the reduced moment of inertia, for the
dibrominated and diiodinated compounds, for which an error of 2% in the
bond lengths was assumed, the error was less than 0.02%.

The internal rotational barriers used (Table 4) were those determined by
Durig and Hawley [3]. However, because of a coincidental degeneracy of the
torsionzl mode with one of the bending modes for the chlorinated com-
pounds, Durig and Hawley [3] were unable to determine its exact frequency
and hence were not able to calculate the barrier height.

In view of Lielmezs and Morgan’s [20] and Lielmezs’ [21] findings regard-
ing the relation between the internal rotational barrier and the ionization
energy of substituent atoms in ethyl halides and allyl halides, the internal
rotational barrier for the chlorinated compound was chosen as an intermedi-
ate value between the values of the fluorinated and brominated compounds.
The symmetry number for (CH;),SiHX and (CH,)SiH,X is ¢ =1; but for
(CH3),5iX, it is assumed to be g = 2.

Comparison with other work

In Table 5 we compare our calculated thermodynamic function values
with those available from the literature. Agreement is quite satisfactory,
especially for the (CH;).SiF,. For chlorinated methylsilanes, however, our
values are higher than those obtained by Hajiev and Agarunov [2]. This
discrepancy may well be due to the fact that their values were obtained by
means of a bond contribution method [15].

ACCURACY AND RANGE OF RELIABILITY

In this work all values are in cal g~ mole™® K™! units and apply to the
idezl gas state at 1 atm pressure, tabulated values are given to £0.1 calg™!
mole™! K~!'. However, probable errors may be larger than this.

The percentage errors assigned to the calculated thermodynamic functions
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are really estimates. These estimates were obtained considering two main
sources of errors: the errors in the input parameters and errors in the
assumptions.

Input data errors

One of the input parameter errors that can significantly affect the final
results is the overall frequency measurement accuracy.

In this work the assighments for the methylmonohalosilanes, because
they are all gas phase values, should be considered the least uncertain. The
frequency measurements of dihalogenated compounds, on the other hand,
were all liquid phase measurements. By comparing the frequency differences
in gas and liquid state measurements of Clark [1], it is found that those fre-
quency phase shifts rarely exceed 2.5% and that the frequencies in general
tend to be within 1% of each other. Table 6 (first column) considers this,
showing the uncertainties that could be expected in the three lowest fre-
quency assignments of each of the given compounds, this work.

The assignment of possible errors of the principal moment of inertia pro-
duct variations (Table 6, second column) was guided by the contributions of
errors in bond length estimates to errors in the calculated values for the prin-
cipal moment of inertia — see previous discussion on the principal moment
of inertia calculation.

The errors in the values of internal rotational barrier (Table 4) are esti-
mates, as no uncertainty has been assigned to them originally. Table 7 shows
the calculated probable uncertainties on the basis of the suggested error
magnitudes (Table 6) in final thermodynamic function values (Table 1) at
298.16 K. The thermodynamic functions which can be expected to be the
most accurate at 298.16 K (Table 7) are those for methylmonofluorosilane
and methylmonochlorosilanes which have maximum uncertainties of 0.2%.
The least accurate are likely to be the dimethylhalosilanes, with a maximum
funetion error of 0.6%. If error analysis for higher temperatures is considered
it can be shown that errors increase with temperature for some parameters
and decrease for others. The net result of these changes would then deter-
mine the overall error effect with temperature.

There are other errors, however, which do increase with temperature and
which are the errors in calculation assumptions.

Calculation assumption errors

There are four sources of error in the assumptions made that may signif-
icantly contribute to the function error at higher temperatures. These are
generally collected under the term anharmonicity, and they affect devia-
tions of vibrations from the harmonic oscillator, as well as effects of rota-
tional and vibrational motion on moments of inertia and contributions to
the functions by electronic transitions. On the basis of previous research
[22] it is expected that these effects may contribute about 1—2% to the
error in the functions at the top end of the temperature range and less than
0.5% at the lower end.
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This discussion indicates that, barring major errors in frequency assign-

ments, the expected overall error should be within the 0.3—1.0% range. This
expectation is brought out by Table 7, which implies that even if frequency
assignments are estimated (Table 3), errors in the calculated thermodynamic
function values will be low.
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NOMENCLATURE
A Angstrom
c3 heat capacity, cal mole™! K™}

entropy unit, cal mole™! K1

e.u.
—(F° —H§)/T free energy function, cal mole™! K™!
(H° —HY)/T  enthalpy function, where H§ = H® at 0 K, cal mole™! K1
IaBc principal moment of inertia, g> cm™¢

Ir

r
SO

reduced moment of inertia, g crm ™2

distance, in A
entropy, e.u.

V, Vo internal rotational barrier, cal mole™! K™}

v

wave number, em™!

Superscript

e}

reference state referring to the hypotherical state of an ideal gas at 1 atm

Subscript

p

pressure
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