THE VIBRATIONAL SPECTRA OF SOME TRIFLUOROMETHYI
DERIVATIVES OF SELENIUM AND PHOSPHORUS

CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Withv t Author's Permis sion)

PARMOD KUMAR WAHI







{3

362275






-
.
.
-
4
1
*
a
¢
\'-

3
- . )
IS
L ' .
! -
L3
[ "
T e I e
\
& -,
N ,
' PR
o (1) ;
+ h
. "
1 o ! .
‘ N ‘ 4
’
', .
' ¢ [N

» ’ - ) ' ,"

THE VIBRATIONAL SPECTRA OF SOME - TRIFWOROEIHYL
: DERIVAIIVES OF SELENIUH AND RBOSPHORUS v~'”u

s
'
. . ' '
"@.‘f \ o . ce . . .
' : - - T o
A thesis , - . Lo
. ® ! . S : : ‘ v ot ‘
: by s
. . "y Vo
.

submitted in partial fulfillment of the :

requirement for the degree of Haster of Science

T . .

.
. » )
~ ‘1 e .
Ly -
Lo ' - - -+ s
17! o £ *
..
Fa - . ’
- w_
15 - - b, )
T ' . - DRI
' x‘.l»-;“' * P ’ ot -
A'_‘ ' i‘ |" -
LA
. .
. .
- N .
I f ' . ; .
] [ . ‘. - 5
3t £ I
< s} . f v x
faa . [ -
. . . N, .
o t . . - -
-0 " T Ke v
October, 1972 ‘ Memorial University
- ” N
. . Radedd
- * - - * . . = - 4
B : LT o Newfoundland
, . S o : of . Newfou .
‘ * . "
‘“ ’ " o, * M - . .t L +
v .
S AN
Rl " ' t
] . !
? ]
. - w- JC ¢
' ] N 8 .
e st '
- . b
. Ae
1 ’ - A.Jn. ‘x .
. . ' TN

2

e,



-
.
o0
P
’
.
-
e
'
.
'

.
s
e B
LY
.
. ®
»
.
O S (]
* .
Ny
L
o .
. -

‘s
.
.
A
r -
.
LN
.

v
.o
'
>
v
.
.
.

o
.
»”

r

s

TO MY SON, KAMAL

.
o Bl . .
‘.
g .
' .
. N f
. .
B a 4 .
- .
. N A . .
N .
L} . [}
RN :
- . ] .
. .
. 3 . -
-
'
* .
P
B N . Y
“
[ .-
N . . * e . by
. . &
PP R .
1 ) - - N .
o B , - .
) - ¢ .
- o
RO 3
. .
. - . .
. f .
g [
B L
. .
. .
. N v
.
- w " - bl ¢
* . . .
- N D B
CIE (-]
. . . .
‘n
. ol 5
'
. . ' LI
¥ .
. N i
T
. ki i,
- N
. = i
. N “ 2
. . .o
t. M
. . e
* :
. PR
“ .,
-
U [ 5
» » . i
. 0 . . . i
by .
'
f L . "
L 1
g C -
. B y i
.o
} « .
: 7 ™ .
- P &
f 5. 3
& 3 0
. J . 5 - 3

P o
- MRl
1]
. . '
* ¥ 0
0 . a
. . & ik
*,
v
. .

.
- v - t
. > K
sl Wy
Yy AG .
oo fw
“
9 -
* &)
.
. v
.
»
'
. o
0 .
L N .
. "
. .
-
- . B
r .
.
. . .
.
. ' N
o v
o *
ON'C
- &0 )
2 -
3
s .
a . Ol
ool o
) .
d .
B »
. n . R
. . -
Ol
= v
' N




ET0d

14

b

.Chaﬁter l

9 -

(i11) - Coon
" TABLE OF CONTENTS. I
' ; — ;;.- o . i‘ "f ,Pﬁgq
INTRODUCTION . =~ .. 7 O\ 1
THEORY . " o 8.
2,1 Vibrational Spegtrum &://,__;~{~;—ﬁfl.—8'~ :
2.1 Selection Rules AR . :”:T 10

(2;2 Gas-phase’ Infrared Band Contours 12-.

2.2.1 Calculations of Prineipal Moments _ ,
- . .of Inertia and Their Directions 12
' 2.2,2 Symmetric Botor _'} 16 -

. 2.2.3 Asymmet;ic,Rotor o, e 20
EXPERIMENTAL . . S 24.¢ .
.3 i\‘ The Selenium Coqpounds" o 24 o -

’ W" * ) N{_’
3.1. 1 General B X ) 24 ’
3.1, 2 Preparation of Bis(trifluord- ‘ ;avf
methylseleno)mercury ' 'vﬁw ;
3.1. 3 Pregaration of Bistrifluoromethyl 28
Selenide ‘ .
3.1.4 Preparation of“Trifluoromethyl ‘29 ¢
: Methyl Selenide . . RS
'3.1.5 Preparation of Bistrifluoromethyl 29
Diselenide - L ' o
3 1.6 Preparation.of Trifluoromethyl- . T
- selenenyl Chloride . . R ‘ ' 30-- - 1
3 1.7 Préparation of Trifluoromethyl- :g';; ,
selenenyl Brémide _ QU-JM

3.1, 8 Preparation of Trifluoromethyl-' o o

selenocyanate Lo 3;
3 2 The Pnpsphorus Compounds 32
3. 2, 1 General .32

]



)

ol , oy
(iv) P ST ‘. L )
. . ‘ ' Page l'f, e
" 3.2, 2 Purit‘ication of ﬁeagents SR 5 -83. .
3.2, 3 Preparation of Crude Tristrifluoro-
‘methyl- and Trifluoromethyl- | '
lodophosphines. . o 34
"* 3.2.4 Preparation of Tristrifluoro- C T
‘ methylphosphine, N , 36 .
3.2.5 Preparation of Bistrifluoro- .. "
- méthylfluorophosphine SRR TR ()
3 2. 6 Preparation of Trifluoromethyl- Coe l
difluorophOSphine e , \ - 38
'-3.3 Instrumentatiqn ‘ o 40 | -
APPROMMAT IONS' AND ERRORS = - v aE :
4. 1 Approximations N T 48
RESULTS AND DISCUSSIONS ¢ ~ . ..  agel
5.1 The Selenium Compounds‘ EE //*»48 . ’5? “,‘..,{
I . L ) T . ) " " R . H‘ . _1'";:“_:\
5.1.1 General o : . ST 48 - :’,/4& .
: 7 Ay
. bl 3y 1»11'.' ] 3 :8;7’ .
. 5.1.2 Trifluoromethylselenenyl- ¢hlor1de, .-:’r'*,tzf;‘,j‘g‘*‘g
' bronide and cyanide - 81 o
" 5.1.3 Bistriflueromethyl Selenide . ' .. 70
5. 5 1 4 Trigluoromethyl Methyl Selenide s 84 as
,5 1.5 Bistrifluoromethyl Diselenide LB 92 "
- ~5.2 " The Phosphorus Compounds . ‘ »4100" :'a-
.5.2 1 General. o C 100 .
5.2, 2BTri~jluoromethyldifluorophosphine - o101
S - & Y.
5.2, 3ATrifluoromethy;Lf1uorOphospa\ine .2 1109
+5.2.4 Tr1strit‘luoromethylphosphine i 119
. 5, 3' ‘Conclusions, S . 129°) :T.
‘l ’ o ;1’,‘}:‘. "j
. - ol



- . Table

Table

K

~ Table
'\~ Tabla

‘Table
7.
'80

Table
Table

S
Table

Iable
Table
Table

f‘Tebyb
'“Iable
Tab-le 15.
Table*le

R
. T% Table 17,

" Teble 18+

f g

Table 19

,9.0 -
10,

11..
12, .

14.

- ments and expected ban& §

-

W

LIST OF TABLES-

?ossibic‘spurioue'lines-emitted by'the‘

laser plasma -of Model 62 argon-krypton ion

© laser used as Raman excitation source,

Fundamental ‘modes of CF38e01 their»assig -
ments and’ expected band contours.

"Infrared and’ Reman spectra of CF33e01

Fundamental modes of CFaseBr, their assign-

. ments and expected band contours,

Infrared and Reman spectra of CFaseBr .d

Fundamental modes of CFaseCN their assign-
ments and e&pacted band contours.

Infrarad and Raman spectra-of CF3SeCN

Fundamental.modes of (CF,)
ments and expected band go

>

Se,‘their assign-
tours,

Infrared and Raman spectra of (CFa)q Se.

& .

Fundamental modes of CFaseCH their assign—'
contgur -

‘ments and-expocted band’

‘Infrared and Raman-spectra'of CFsseCHé

Fundamental modes of (CF,5e),, their assign- o
"ments. afjd expected band fontBurs,” -

13. .

ont

o

Infraredtgnd Raman spectra of (CF Se)2.

“Fundamenital modes of CE,P. ‘their assign-
ments and expected band coﬁtours. .

" Infrared and Raman spectra of CF3PF2.

" Fundatental modes of (CF )ﬁt
0\11‘5- "‘.

Infrared and Raman Spectra of (CF )zPF

) .
Fundamental modes «of P(CF,),, their- assign-

. ments and expected band conicurs

Fo ,
"' Infrared and‘Ramenaspectra of P(CFa)a. ”‘/ .

LN T

’ !

- r
i
f

0 . “
L. & . ' oA
.. . . .
. . ! . .
. d -
.o . ' »
. . \ - . .

‘n 3 . 3 - .

~ . . “t

RS N - M - 4] 1

. - .
KA . "

.'Pege o

61, '

63
64

- 74
75

88 .
- 89

95
- 96

105
106

PF, their assign- o

112

" 113

122



'Figur‘e 1,

»
Y

Figure 20 |
- Figure 3,
‘ Figure 4(a)

| (T‘ ~ e

& .

Figure 4(b) .

" ' Figure 5 °

PFigure 6 .

Fj:gure 7"

- . Figure 8(a)

¢

-""Figure ‘8(b)

Figur‘é 9.’

./ inertial axes in this plane.

!,: ) /a . ‘.
(vi)

LIST. OF FIGURES
ot . - ' .'//"

Projectiéq of“CF SeC1 1in the plane of
symmetry along with the directions of
inertial axes in this plane. ’

“Projection of CF4SeBr in the 'plane of
symmetry along with the directions of
1ne‘rt1a1 axes in this plane. -

/ . . ) .
~ ProJection of CF3SeCN in the plane of -

symmetry -along with the directions of
inertial axes 'In this plane. " _
;Bipandea scale ga,s-pha‘se infrared spectra
of some important fundamentals of CFg3SeCl,
CF3SeBr ‘and CF35eCN in the region

1250 - 1050 cm ., |
Expanded scale gas-phase infrared spectra
of some important fundamentals of CFaSeCl,
CF38eBr and glIaSeCN in the region

800 - 250 cm” .

. Projection of (CF3)oSe in the C=Se-C-plane

along with the directions of inertial
axes in this plane. - : :

The gas-phase infrared- spectrum .of (C‘F3)2'Se

.The 1iquid-phase Ramen spectrum of (-C.FS)ZSB

Expanded scale gas-phase infrared spectra

Page -

62

53

. 53

of some important fundamentals of. CFaseCIia,‘

(CFg3)p8e and '((iFase)z,, in the region
1250 - 900 em™ ", Co o

'Expéﬁded scale gas-phase infrared spectra:

of some lmportant fundamentals of CFasGCHe,_';

(CFq)qSe a'nd_iCFgSe)_z in the region = .
800 - 25_0 chm . . ’ .

Projection of CFy8eCHs in the.plane of
symmetry along with the directions of

- -, Y

H

35:



wi

(vit)
. PRI | | Page p
l?iigure"'io. ‘Prq;]ection of (CFase)z in ‘the plane Lo
' : ,perpendicular to Cy, axis along with the o <
_ directions of 1ner§ial axes in this plane. - 93 .
" . Ffgure 11. "Projection of CF3PF, in the plade of |
' ' symmetry along with the directions of - .
_ . 'inertial axes in this-plane. - o 102
Figare 12. Projection, of (CF3)oPF iii the plane. ot . T
Ty , symmetry along wi h the directions of S
1nert:la1 axes in this plane, . 110,
"i‘iguré 13. - Expanded scale infrared Spectra of Some ‘ ‘
: " important bands- of (CFqp)qP, (CF3)2PF1and -
CF‘3PF2 in the region 135% - 250 em, . . . 116 .
B '.
; l . a ‘
e H‘i . .
.':. ’ - B /- N ’
RN ¥
‘ ~ e ;
- . i ). .
) '; ) (. ‘ - . .
B | o 0
e . ) ) \ 4.’J"'_ ]
P / oo ‘ .. : ‘;."::i ’
— "’1}, 4 ’ .4'
p] ." _'_‘f":'.‘ ' . u
' LAY
. t , )
o SRR



‘research supervisor, Dr. H. J C],ase for suggesting the topic - .

. Dr. J.F. Ogi’.\‘vie for the many valuable discussions during the T

‘Department ef Memori:al University of Newfoundland, and a 1eave
‘Bombay‘“"India, are gratefully acknowledged. Special thanks

(Bhabha Atomic Research Centre, for his encouragement and '_

.getting the necessary leave sanctioned.

-for their kind hospitality and inspirations without which

K -) n® e . .’
T ettd) oL S h
o . S . : ‘ P
- . L . - 3 . P ..' . ; .
ACKNOWLEDGEMENTS - - ) =« .. =~ -
’ S . s ) . ;; .
N N ® .

_— I wish to ekpress my most. sincere thans to my

"

«

and encouragement throughout. ﬂshould also like to thank 2

course of this research an/il to my colleague and , friencI vt
4‘" ‘

. Mr, R.T. Pode for his. many helps during the preparation of

the compounds., .o 4 T ‘ o ,,__‘

A fellowship and many other helps from the Chemistry

of" absence from the Bhabha Atomic Research Centre, ‘l‘rombay, o R

‘are due to Dr. N.A. Narasimham, ‘Head,, Spectroscopy Division,

I owe ‘thanks Lo my- wife for patientlyf sharing with

me all- the hardships of a foreign graduate student. oI should ‘ >
“also like to' thank Mrs. Sonia Banfield for drawing most of*the RE

figures. Thanks are also due_ to-my friends’ Mrs. and Mr. Geel
/

... .perhaps this thesis would . have taken much longer to come to

thepresent form. - o, o I '\\.'



. L U

*

sy

e appropriate lines of an angon-krypton mi;;ed gas

col

[
e

- with similarecompounds and t‘ne gas-phase infrareg band

. ‘group, the in-plane and out-of-plane C-F stretching and CF3
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Thi§ thesis describes a ctetailed study of the :

' vibrational spectra of some triflugranethyl compounds of

1]

N selenium- and phosphorus. CFaseX (X = Cl Br CN,, CH, and .
CF ), (CF Se)b, (CF )SP, r(CF )ZPF and CF PF ;e The compoundé .

' were prepared by litgrature pet hod with‘ SIight modificatigns.,‘ . o
in- some oases. Gas—phase- infrarpdgspe::tra were recorded il? . : *
the range 4000 ; 200 cm 1 and iiquid—phase Raman spectra L . _
from 4000 - 50" cm 1'.‘ Rarnan spectragwere excited by. the , | T

(iaser. o oot
Although some vibrational' wavenun?érs had: been n,reviously .

° reported for =most of th‘ese componnds, there were no detailed\ -

assignments.“ Since this ﬁorka was complét'ed an assigmnent of

(CF3) P has becn published’ which is somevhat’ in agreement 5 &

©%

with the conclusions reap:hed here. The vibrational spectra .
“ . () M et )
qf all these compounds have bean analysed and almost all 0 4"-\

w.a,ssignments made ustng Ramn depolarieation rafios, analogy-

" contour, study. “The infrared band contour study has’ pr’oved

\aesign- o

Q
[

fments .and making many fresh assiegnments. The band, contour R

to be very useful in confirming So;ne. of. tﬁe previous

study has shown that, for the molecules contai:ning one F3 O, ‘

L

- L T .
P . .
. . . . [
. .



".'_. - o . . 3(x) o , R S .
asymmetric deformation modes show a slight é‘plitting. For
the molecyles containing morb than one CI“3 groupw, the 1n—
‘ and out—of-phasé symmet,rio EFS deformation modes are always
e - nearly degenerate and. the in-phase mode is strong in the
Raman, - while the out“-of-phase mode 1is- strong 1n the infrared.
‘I‘he bands corraspond;ng to’ CF‘ symmetric deformation ‘and many
St other modes ‘have been found‘ to show PQH ‘structures. The PR
L separations for gas-ephase infrared bands have been calcu;,ated '
L u§ing the recently repgrted mthod of Seth Paul et al. The s
| c&lculated PR separations,, show good agreement with the
~ experimental values. As for many trirluoromet yl-phosphorus :
* ﬂ‘compounds studied earlier, hege also the C- F/\streé{trcl:ching mode
- has been “Folind® to e at higher wavanumbers than the C-F

asymmetric stretching mode.
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o . ;}'9‘ S .+ Chapter 1 . T e
- .77 - INTRODUCTION® .. . = IR

- o ~ The only riuor'ocarbons to be reported before 1937 .

were.carbon tetrafluoride, hexatluoroethane and tetrafluoro-
etﬁylene. Later, in 1940 materials were needed for use/-as L
'.; l  buffer. gases, coolants, lubricants and sealants in chemical .,—
plants handling reactive uranium hexafluoride, the only ura-
/' niunm compound avail‘able for urse in gaseous diffusion process’ | ‘
| ‘for concentrating 2350 isotope requi.red for the development of ,’
atomic bombs. The discovery that £l orocarbons are stable ) o
both cﬂemically and thermally and- 1 rt to UF‘6 -led to & inten-
sive search of methods for the synth sis or fluorocarbons. At the s

éresent time rluorocarbon analogues of man; organio compounds
f

o

S

have been prepared N e S

S ”' e ‘}- In ‘the early 1960's, with the availability of. tri-—
. flud?omethyl iodide, which undergoes homolytic cleav°age of.

the C I bond, when either heated to 250° o,r exposed éo ultra- :
- L violet light many perfluoromethyl derivatives of metals and .

' a non-metals were syntheeized either by heating trifluoromethyl
2 . ' iodidwand t:.hg'ﬁ element(l 2), o¥ elternatively by heating a ’
. heavy metal salt of trifluoroacetie acid with the elemen t(a 4) . '
hd "at ‘high temperature. During the past two deoades perrlupro:-'l
R methyl derivatives of almost all elements of the main groups

the periodic table have been prepared and their chemistry :

.2

)

I §

a'!‘).'
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{éomparedmwitn the correqponding metn!jienatstnes; However,

very few attempts have ‘been made to~cerrelate dnd stﬁdy(their

mwibrational spectra in detadl \in spite of the fact that these_

o (Where X=1I, Br). However, for CF C
- between the .C-C stretching and the internal vibrational modes'

iing region-.

ofithe CF,_group, especially tng§symmetric CF defcrmation.
fNabi end Sheppaqd(7) have etudied‘the infrared spectra of a

’ Clase’

compounds give 4;xy‘intense infrared bahds in the C-PF- stretch—A

1 - = - -4

g .",r

T ,Jp

. - , - ,
In;1954, Edgell\and uay(sx studied the vibrational
spectra of the simple compounds CF I and CF Br and concluded

.that the trifluoromethyl-grcup behéﬁes ‘as a rigid greup and

there is a very little interaction between the internal vibra-

"tional modes of a CFq group and that of the fremevork Fa=C -X

N( ) some ceupling exists'

\

number -of compounds con&aini a common trirluoromethylthio-

group and found_ that the int rnal vibrational modes ‘of this

'group in all these compound g could be eaeily assigned by ‘com-

paring it with the closely. related molecule GF qCl. Raman and

:infrared apectra of a large number of selenium compounds of
'general formlae HgX,, (ng )Ya' and XHgY (where X = CFSSe
,1and Y= halogené%r psuedo halogen) have ‘been studied by

(8) and several assignments made. He has divided the

. vibrational modes of these molecules into thpse of (a) a

-

N rigid trifluoromethyl seleno group, uhose internal modes-

g
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compare vez;/vell with. the elosely related molecule CFaBr,

:_the only di ference being that the lower overall symmetry of

these molecules sometimes leads to the splitting of doubly

degenerate modes of CFaBr, and (b) the rigid framework HgxC |

. or Bgcé. Thus, .in general, the«dnternal vibrations of the

CFase groap_are good group vavenumbers and do not-differ much*

from molecule to molecule. Imfrared and‘Raman spectra of

J

several volatile oompounds of selenium. Xy, XC1, xBr, XCN,

;XCB and XCF (where x = CF Se) have been etudied by Bomford(g)

and some assignments made.

'df.3 - Beg and Glark(lo) (1962) seem to be the first to:

have'htudied in’ some detail the 1nfrared spectra of a large

_number of trifluoromethyl-phosphorus compounds : CF3PI i -

¢

>(CF )2p1 end (CF,).PY (vhere Y =CHy or Cglig and'n = 1, 2

or 3) Some ot their assignments although tentative appear

L

"to be wrong, in the light of later studies. In the same year,'
- Burg'ana Gritriths ™)) correlated the infrared spectra of a

-

"* large number of tnirluoromethyl derivatives of general

[}

formulae (CF )ZPOR (vhere R = H, D, CH3’ czﬂs, t- C4ﬂg and

(CF )2P) and (CF )2P(0)R (vhere R = Cl, Br, cua and t-C Hy)." -

A

’ Subsequently crfrriths has made detailed vibrational studies .-.,

© .on a~few pentavalent trifluoromethyl-phosphorus compoundss

cFaP(0)F, 1), cryp(0)c1 {1, crpr{)) (cFy) P01 (15) gna

.CF3P014(16), vhereas only one trivalent phosphorus compognd

—

cF3PeL, (17) has been studied by him, The infrered spectra'of
N i f .
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‘ ‘CF PH and CF3PD2 4n gas g&nd solid phases has been reported by 4
Anthony(ls). £ Fh.D thesis describing the infrared and Raman
_-spectra of pe)fluoromethyl arsineez (GF )3As, (CF )2A301
(CF.; ) AsI, CF AsCl, and As (CF ), has been, gubmitted by .
3’2 3 2 273’4
Craftu” Atallh and Cra1g(2%21) nave studied in detail the
infrared _spectra of difluoroamines: CH3NF2, D3NF2 and CF3NF2
and made a11 essignments except for the torsional nodes.-
ﬁecently, Hendra ‘et - elfza) have reported the vibrational

LY

°'spectre of N(P (CF 3)2 )3. o B S

. This thesis describes the vibrational study of
selenium compoundss X5, XCH g1 X CFq, XC1,  XBr end XCN (vhere
X = CFSSe), all of which except oneé, XGH3 have earlier been
studied by Bomford(g), with infrared spectra recorded down ‘to .
700 cm” end a few assignments made. The present study of
these-compounde was undertaken and 1nfrered'epectra recorded
dovn to 200 em~1, to:review_vith.the help of infrared band
contours and other evaileble.data, the 8331gnments’a1read} oo
made and to- make'as rany fresh assigoments as possible. The ..
vibrational spectra of phosphorus compounds. (CF3)3P (CF, )2PF :
I”end CF3PFé\§tud1ed here ‘have not been earl;pr reported else-
.vhere except for'a very recent publicetion(aa) whicb des-
cribes tbe gas phese 1nfrared spectre, the liquid phase Raman -
spectra and the normal co-ordinate enalyeis of the cempcunns

- P(CPF )3, As(CF )3 and Sb(CF3)3' A detailed study of the
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vibrational qpeéfra:of thé-componn&s,x(CFs)ap, (CF3§§%ﬁ’and
CFaPEz‘;saiﬁportant,-fbr(in spite of the attéch%d’stysnglyuf'
‘electro-negative groups or atoms; the cpmpoundé, CF3PF2 and

" .(EF4),PF have been found toibe good ligands(24125,26,27)
through their strong w-accepting.ability which is enbmced by
'3the'pf ence of eié;tronegapive gréupst_ In one fep&?tf27),‘
| iﬁfrarédzand Raman'aﬁéctra of comp;exesvdi the type §r§ns

" LgHo(CO), (where L= (.cFa)'z‘PE, CFyPF,, CCLyPF,, ROPFé ;tc.)'
_ have been presented. From-the values of carbonyl st?éiéhipg
~ absorptions and soé@}erings,/dﬁa using simplified Qéﬁ&ﬁné '

! Kralhanzel force field, force constants have been calculated,

which show fluorophosphines haje'stropg {-gpceptingnﬁb%lity \
almbs? cgmpdrable:t§ that bfAcarbdn ﬁonoxide.' The ‘following =
dbcréﬁ#ihghordef qf,%-acqpptor gbiiity has been prdéﬁsed; -
| OFgPFy>’ (CFy)oPF > PRy 7 CGLyFF, 7 CICHPF > PHFF, .
ROPF, > RPFNR, > (R,N),PF. It is hoped that & detailed study
of the vibratidnﬁl'specpra or”these-ligands wili:lead-ppba'
{. more direct understanding of the nature o:'bondiﬁg:qhvbompléx

formation and interpretation of the spéctra.ot'tpééé compleﬁeééga_ L
| Alkyl fluoropbosphines cannot be prépared by the
metathetical rea@?ion,
‘Ben i

- '3-n o : oy . (i
CRPOLy v B eney, —— RPR e BRabcL ()
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but instead the“following gx;dgiioa(28v29a39) takes'place .

N . K - . . , »
' . ",

Bnpélafn t' 3 ?bfs-“f' R PFs-n 3 SbCl3 3 Sb (11)

3

However, fluorophosphines containing an electronegative sub- .
. stituent (e.g_R = CFé, CCla, cnzc1) undergo only reaction
(1) and not (ii) This is’ because the attached electro-
negatiVe group vithholds the.lone pair of electrons on-
phosphorus from entering into~oxidation._ This is probably Se
AT

why the vibrational spectra of the corresponding methyl
™~ , ,
fluorophosphines have not bqen studied o -~

. The study of vihrational spectra 1s useful as many
times one ‘can - eliminate various possible structures of L
molecule and predict the correct structure by counting the
number of active fundamentals and coincidence betveen them
in the infrared and Raman, A detailed study :;)vibration-
';— rotation fine structure under faVourable circumstances ¢an
| give structural parameters. Also, by studying related com-’
pounds, one can.nake important correlations wvhich can be
_fruitful in establishing the: structure and interpreting the

spectra-of other compounds. v

q_ ; J

‘ jﬁéﬁ : The assignments in the present study are mainly
based on the following criteria. '

[ - | o "~‘i R

[ - ) Study of infrared gas phase band contours,

- k]
3
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So1) Study of the Raman depolarization ratio (9 )y
which can distingui h between the totally symmetric ( P

0 - 6/7) and asymme ric vibrations (§ =6/7). ', .

&

(111) The fact that in,general symhetric',vibrat.ion:s

are more intense in the Raman, while asymmétn% vibrations

are more intense in the infrared. ¥

!

v

.(ivz?cdmparis'bn" with'thg spectra of ~closely related

. (-
y N
molecules.
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THEORY L
This chapter gives a brief but sufficient review
of the,theory on the basis of which the.results‘in Chapter 5 f)
will be discussed. . S : L

!

2.1 :Viﬁratioﬁal Spectra ! L : | o A

/ For an 'n' atomic system there are 3n =6 or3n -5

vibrational degrees or freedom depending upon whether the

-’

/
.molecule is non—linear or linear. Therefore, one needs

"xan -6 or 3n - 5 co-ordinates to deseribe the vibrationel

'motions er this molecnle. There are several ways to’ describe

'these co-ordinates, the most userul being the system in which

-each of the independent 3n - 6 or 3n -5 co-ordinates ‘des- Y
. eribes the metion or the atoms in 1ts simplest form such thetf3'f

'f all etpms move in-phase vith the same. frequencyxf This system

of ca- ordinates is called a normal co-ordinate and the mode S .

“,assoeiated with each normal co-ordinate .is ea;le: a normal
. uqule. : . .

)

- Assuming a simple harmonic motion for these atoms,
: tne wave equation of the systey can be solved quentun—' '
mechanically and the energy levels can. be expressed as a

function of normal modes by the following equation ”'-‘1!: ,ﬁl‘

L}
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1
" ) ' \ ' 1 e "
| - - 9.- ' f

J *(.

C‘

. ) ‘E(v ,' Vo see V) = hv (v + 1/2) + mz(b2 ,afz) + iee

. t o . t"+ hv, (v, * 1/2) ~.~ (i) 3

~ v
4

' where x = 3n - 5 or 3n -6, h = Planck's constré.‘nt vy =

S frequency associated with the 1'th mode, v1 = vibrational
I ' quanxum number, ' Al M " ff‘
o ' ' 1

'i,l' .. .. The energy of the vibrationless groqu state is
obtained by putting all v1 = 0, while the energy of 1'th
e rundamental vibration is obtained by putting all v's = 0 and

e

vy = 1 in the above equation. Putting v, = 2, and Vi = O
“_ ‘-gives the energy of the first oVertone of the i'tﬁ fundanental. =
'l,,The energy of the combination.fands is obtained by putting two

" or more v1 s non-zero in the equation (1). The differencel a
bands result when the. initiel state 1s not the vibrationless
L A 'ground state and the transition takes places from one level f-
| :ﬂ:ko another vk such that ' vi,then the frequency of theF‘
_ o ;ransition is_ggggl_gg_vk -~ V4. The inxensity of the v, - ?1-
f‘Tf_—’"j'—_”Fb;na—igﬂnn;b smaller than that of the Vi + vy band since the
%l' : number of molecules in the initial-stage is much snaller, o
' ”—“:‘ R corresponding to_Boltzmann factor e’h'i/kr. Under the hanmqnie- ,
' :hl oscillator approxination only fundamentais'are alloﬁed . Over- .
3.tono and combination bands become allowed only if one considers
.anharmonicities in the. motions of the atoms. 8o in the tirst .

. approximation overtone and combination bands are forbidden

L . K ) o E .
‘ . - . 3 . ) . 3 7/
. . * N
. B . . . .
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and therefore in practice are normallyn veaker than runda-

: ?entals themselves.

!

One can determine the symmetry type of these
3n - 6 or 3n - § vibrations using the principals of group

theory and matrix algebra, provided the aymmetry of the

-vmo'le"e\ile 1s known,
2.1 1 Selection Rules a o .

_ . . i 4
If j_(\r ) represents the wave function of the i'th . .
) mode in-the v’th quantum state, then the total vibrational

wave funetion is given by . ‘ N
y =), "V2<v2>. Yalrg) e Yyl @

\lherex:an-ﬁoran-s

*

.when each of 'i = zero, the molecule is in 1ts vibrational
ground‘ state and the vibrational wave functiom is represented
'by ‘\P The wave function for the 1'th fundamental is
obtained by putting each’ vy # 4 =0 in the equation (2) and '
is represented by '1}1 For a i‘undamental transition to occur

. by absorption oi‘ infrared dipo‘le radiation, it is necessery

that .one of the following integrals be non-zero. ‘ .

.]J"‘Vgx "V,’;.d"’ PR K
Yoy Yier Ve
-’f?&i’?’iav’ S "

~ 2
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Therefore, & fundomental will be infrared active if the

nornal mode involved belongs to the same representation as

any one of the three cartesian co—ordinates.

° v

For the Raman scattering it is necessary that at
least one integral of the ‘type ‘ T

: 2
Sv- 3)

"Y P '\Vi (vhere P = an element of the polari— a (4)“

. zability tensor)
'be -non-zero.' A fundamental transition will be Ramah active

r the normal mode involved belongs to the same representation

a's‘one or more components of the polarizability tensor of

the molecule. Generally, P i3’ one of the quadratic functions
. of cartesien eo-ord_i.nates, e.g. 2 y2, 2% 2

L J

o--
e A
) “
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2.2 Infrared Band Contours

2.2.1 Calculations of Principal, Homents of Inertia

' and Their Direcetions Y
. . oot

L]

" The moments of ;inertia dre caleulated by the method
. . |‘ ‘ . .
of Hirseht’elder(al) y using the relationsa °

D . zini(yf + 25) -‘1/u(21n1y1)2 - 1/M(z;nizi)2’t' ‘ﬁs?
:E = '11111(::i + zi) - 1/“(21"1‘1) - 1/!!(1:1111:,}1)2 ,‘ ‘:(,6)"
| F= 1 i(xi + yi) - l/H(Eimixi) 1/’.“21,'1?1) . ‘(7'), |
&= ?1‘1‘1’1.' 1/”(21‘1‘12(21"1Y1)‘ ';f' i ENCE
H - 31;1‘1‘i - MG Emy) - .v"(éy"
1= zigiii‘i"‘1(”(21“151’}?1‘1‘15' ;";.' (10) -

, vhere m1 = nasa. of 1'th atom: xi, y1 and .z, = cartesian co-

ordinates ‘6 the 1'th atom. Cu SR
% ot

'fhese fo{rmulae have the advantage that the reference

framevork may have 1its origin at any place within the molecu‘fe'

and the\ directions of the axes are arbitrary, although the | .
-.three principal axes must pass through the centre of gravity
of the molecule and must be mutually perpendicular. 'l'h,e

prineipal values of the moments of inertia can be obtained

by expanding the determinant .- S | h -

[N

[4 .’

¥



AL xy denotes the plane of symmetry in these molecules, the

"i&-i?.\——" A . ’
' w' - a 13 - ; ) -
. - - }
- ” : N = a ‘
' 2«'-:* " X T
© - IfD -G . -H ) !
S T A S T V- C T D)
et Ca - " .
'F/"‘)“ . ~ i v . R / - s . . . v - .
T -H -1 . I-F
{:‘“T‘)‘h 3 Iy . 4

fhich éives a cubic ‘eouation ohi exhahsion. The three roots

of this cubie equation are the val\:es or prinoipal moments ‘ G
of inortia and are denoted by Iyy; IYY and Iz,. For molecules ‘
having symetry of C,, oOF highe;, the, elements G, " and Iof
determinant (11) are zero, provided the' highest fold axis is “
chosen to be ome of the arbitrary axis, with the results '
that D, E and F represent pri:ncipal moments of inertia. In‘.

the case. of molecules belonging to C, symmetry (as- is the case

(1]

arer

vith najority of:the moiecules studied here) it wvas found that

value of F was the ‘same as one of) the roots of the cubic v

. equation, say IZZ’ but’ the values of the other two roots were

different from D and lﬁrespecf;rively. vThis 1s because the ‘
* trite directions of Ixx and Z[YY (the /priﬁeipal inertial sxes ,

- in the plane) are not the same as those o\f the arbitrary . /

‘ axes x and y. Let us assume that the true axes (X and Y)

make an angle with the direction of the arbitrary axesg' amr R
let Xi, Y and 2, be the cartesian oo-ordinates of the 1'th |

S

‘atom of mass mi T the new co-ordinate system. Then the new \ Lo

-~ o . * &
v -
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‘.14 - "
/m-ordmates of the 1'th atom, xi, Y, and 2, are related to
its old cAo-,ordin‘ates,. Xyy ¥y & and Zy by the re ations

.

.. . - o Xi = xic'o'm + ?'1311113 \ , ’_ S (12) -
o o Y, =‘-xis°i|.nm + yjcoso- . o . (15)-
: Zi = zi | , L ,(14)
Now, in the‘new co-ordinate system e o o
2 ' 2‘ '

substituting the values of. xi, 'I and Z1 from. relations (12)?

“,' ' o (13) and (14) and after. rearrangement, one obtains T
- . . N > r"- 2 .
,W RO :' L4 coazm_ Uzimiyf - 1/M(£1miy1)2} ‘

{Eimixi - I/H(zimixi) }] A
e a ." 2siwcosm[21nixiy1 - 1/nzi(u1 1)(I1y1)J

using relations (68), (6) and (8), one obtains
]

a

Ixx E+eosm(D-E)-281m°°3“‘(G)

o S ' or (D B) cosan msinmcosm - Ixx + E - 0 . (18) -

Applying trigonometric relations cos’ % = (1 + cosao)/z and:

2sinmcos¢n = sinam to equat:lon (15), one obtains

[Ep—

W @ E) cosZn - sinZo + D+ E 2Ly = 0~ (26) .

Sl .
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Solution of equation (is)- gives the angle @ by which the _
‘ arbitrary x-axis hamto be rotated to get the true °IX.X axis.‘

All molecules can be dlvided into four broad -

" . categories (1) linear (11) symmetric rotor: (111) asyhmetric

Totor (iv) spherical rotor, depending on the: relativg magni-’

tude,s of ‘their " rotational constants, whivch accordi5g "to -the
otations recommended by the Joint Commﬁsion b ¢ ‘
scopy(az) ére dénoted by A, B and C,. such > ;
‘and are exprassed in cm™t n(usijng relations A = h/8s2 chx etc.'

| “Where Ixx least principal moment of 1nprt1a,). -Thus 1:

R . ) '
A20co-gnd B=2C. - (linear) -
. A>B=¢C PN ~.-(pro1ate symmetric rotor) .
A A=B>¢C l (oblate symmetr:l.c rotor) |
. _~ A>,‘B > év, - '(asymmetric rotor) .
[ " - — ' " Cl. . :
- and A=B=C ~ - .(spherical rotor)

-

' The following asymmetry parameters are in frequept ésp

el

RO

K_(za-a-c)/(A-C) B ¢ 2 2
P = (A - C)/B L T r (~1'8)' .
p + 1 = A/B (prolate rotor) ,(19}'1)-
B +1= C/B (oblate rotor) ' ‘ o (19;3

e

:}',-r L . L d

K\ can haiie'values ;-1 < K é, 1

» l' 3 &' ot

Kk = -1 (prolate symmetric rotor) e
< ‘

+1 . ) (oblate sympetr:lc rotor)

. " 1
\ N . . B,

. ‘._.
- B 4_

B

E]
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e L 0 (f’(‘ -1 (prolate esymetric rotov) .
T o< K ( +1 ¢ (oblate- asynnetric rotor) - .
¢*can have values Oé 9:,; oo - % ‘ '

° ) 7, ' '
=0 . (sphericel rotor) .
@ " 0< P oo g (pro‘late .symmetric and
L _ . . esymmetric rotor)
. . . . N
‘ ? }1 B '(o‘olate symmetric ‘rotor)

B can have values -1/2 <-B

YA :
(oblate symnetric and

0 e1/2 iﬂ <.
B y asymmetric rotor) .
0 < B. < o0 .~ (prolate symmetric and' &
. i B esymetric rotor) -
S 6“= 0 L (spherical top) .
2 2, 2 Bymmetric Rotor e '- - S8
B ;! v

;“ ! The energ:yf-'of a prolate symmetric rotor under

hﬁrmonic oscillator and rigid rotor approximations can be T
written as rollows 4 : '
o ' v CoL
"B = zihvi(vi + l/2) + B(V)J(J + 1) + (A(') B(v))l{ | (20) ’

where the d pendence of rotational” constant on vibrational
quantum number is shown by subscript (v). ‘Ina symnetric
rotor "the vibrations can be divided into two classes, parallel
and perpendicular, depending upon vhether the dipole monent
oscillates parellel or perpendiculer to the highest symmetry

; axis, which represents for prolate and oblate symetric '

N {btors A .end C ‘axls respe_ctively. -The corresponding. infra'red',

.
[ . . ..
Do . .
. S
<, e o . /
° '
D

L
>

Ny
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bands are termed as pe.rallel and perpendicular respectively.
- .

The selection rules, for the parallel bands are

. AK=0 AJ=+41 - 1fK=0.

while £oi the perpendicular bands, the selection rules are
AK = +1 'Aa=o,+1' .
L

Transition corresponding to AT = -1, O and +1 give rise to
P Q and R brancbes of the band respectively.

v -

Do

;- : sFor simple molecules having lerge rotationel con-

stant‘s it 1s possible to epply equation’ (20) exectly and

- study the rotational fine structure. ' However, the majority

oi’ molecules of interest to the ‘chemist have smell rotational -

constants and it is not possible to observe the rotational
fine structure, since under the experime_nt'el: conditions,- the
width of rotational transition:is.more t}an the spacing

| betveen’the rotational lines themselves. Gerhard and '
Dennison(aa) have studied. the envelopes of the inrrared absor-

\ ‘ption bands for symmetric rotors and fpund that the band
envelope is a function of two peraneters (i) intensity or Q

brench and (11) the PR separation.

he . . A R :
™ - R \ .

(a) Parallel’ Bend S CH O <

.+ The intensity of the Q brench for a perellel "band .

»

. . . . ‘
\ - .
0 ~ . .

H b . . . ! R
. B i .

I . - '
s R . . . 4 .

‘ - N
.
t
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“ 'is a function ot‘ﬂ‘ahd is expressed as -

L2 I

R(ﬂ) Il o (21)

| where IQ = 1ntensity of Qj?ranch alone and L= total inte;gity
. of the vhole band. ‘L
= L[loggia + JpFi) - J_J/pfﬁ B>0 . (22)
°. ,Ia =1 [/70 - stn™ B / (-8 /TB) p< 0 .. (23) |
" whére ¢ = p/pel 'f" v oy
‘  5=1&_ RELT vij',  f§wa)

7 The Q branch .has maximum 1ntensity for B = -1/2 In”thé"
" region 0 ¢ B<~o the 1ntensity of the Q branoh decreases with
increasing ﬁ, until for B = =0 (the 11naar molecﬁle) I =0,

Ibe PR separation 1is given by - L e .

A ad . \

'Av(PR) = 68(8)(2BT/0)2 eml -  (25)

.. where 1og, o8(P) =J_____0.721/(Bf4)1‘13

(b) PerpendiculaL Band
For'a'pérpendicular band, the Rqunction, equdtion

(21), 13 more complex. novever, the’ Q branch should be or

~comparable 1ntensity relative to the P and R branches whan i$.
__Nm,5’=,-1/2 ahd the PR separation 1s smaller than the correspond—

ing parallel band The 1ntensity of the Q branch 13 anhanced
with 1ncreasing B and is equal to 1/3 of total 1ntensity of
the’ uhole band ‘for p = 0 and the FR seyaration slightly

¢ B R "
» g N

': o/ L . { s,

¥
P
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.“3 runqtion of the wavemmber vy which i3, expressed in terms

}ar the distance x from the band origin and defined according

’19‘- - | r‘,

-1nbreases. Por positive values -of a, the central peak becomes
broad and lowver, vhiie tho doublet separation increases over T
that of a parallel band. -For values of B> 1 the envelope no ..

longer presents an appearance of three maxima and, for
. ] . i

- sufficiently large. velues-of B,'the envelope resembles a

Guassien ‘error curve. Gerhagd and Dennison(sa) have calcu-

lated ~ror perpendicular bands, the absorption coefficient as . .

to the relation, ' N ‘ Lo )
' A A ‘ CC
m oz ey @ g , - (28)
s \\' v , "~ '
(where o th/kI and: k = Boltzmann constant) e

S0 that the figures are adaptable to . molecules with any rota-

tional gonstants and any temperature.f They have drawn ‘
! Coe
fitures for p = -1/2, -1/3, 1/2 and 4, For these values of ]

« B, x can be estimated from these figures, “vhereas for other

Values of p an interpolation 1s to be performed and the value»
¢r x thus obtained 1s substituted 1n“the following equation

to obtain PR separation.

VOR) = 10x/9)Y2 el (27) '. °

S e e /

B L

owever, SethrPaul and Dijkstra(34) have shown x to .be meniy
a.tunotion of P in. the regioL -1/2 < B'< 3/4 auch that .

!

v\



Us:lng equations (19a and 1917), one obtalns . o - .‘ ,
° " v(PR) = 83(8) (2. er/e)l/2 , ) | s - ('ze)’a
(where €= AorC depending Aupon vhether the molecule is L
- prolate or oblate) : . ’ | M{\:\
2,2.3 Asymmetric Rotor . - DR ; 2
The energy levels of an asymnetx’ic rotor - can be,.l : L
represented in the first approximation as the sum of the - :
energies of the: harmonic oscillator and rigid rotor and are
given by the equation “
B = Eihvi(vi * 1/2) + 1/2(A +. C)J(J 4 1) *
\ ‘ - 1/2(A - C)Brg) - (29)

on

. - | a | o 20 '.-

z(.L) = 1/28(p) m Therefore subsé;l.tu_ting in equation
", ) ) 2 .

(27), one obtains - - S ’ '

v(FR) = 53(p) fzp+"‘a<BT/9)V 7

The vibretion-rotational spectra of an asymnetric
rotor can- be quite complicated unless the molecule approaches

the liniting case of eit!;er a prolate or an oblate symmetric . /
2

" rotor. In' an asymmetric rotor "the dipole moment change in

~ a vibration may either be along one of the inertial. axes or

- g

may not be along any axes, g:lving rise to A B,-C or hybr:l.d

'Wband‘contdurs.“k prolate. asyxinnetric rotor should give . -
- AN, BL, GL or hybrid, while gan “oblate rotor shonld giVe

8
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C\l ’ "Bi and AL or hybrid type band contours. Thus for an

8 asymmetric z‘)otor vith K= -0.9, the All type bands will
'reaemble the parallel band of a symmetric rotor, vhile the

C.L type band will, correspond more to the perpendicular band, L
but vill show some of the features of a parallel band, : |

Hollas (35) has recently computed band envelopes for |
six types of large smetric roters, including the change in
the rotetional constant in going rrom the lower to the upper
state and shown - that the computed band ‘envelopes can be use-

: fully applied tothe spectra of near symmetric otors with
K| = 0.8 = - 1. He has also- shown. that compaés hatving
) small rotational constants resemble _symmetrie rotor molecules '

to a greater extent than the molecules with large rotational

o constants having the same degree of asymmetry., This is

because of the rapid decrease in theg effects ot slight
asymmetry as K increasea and K has 1arge values for molecules

" with small rotational constants.

-

; Badger and Zumwalt(as) have calculated and'drawn'
band envelopes for highly asymmetrical molecules with Lo "';ﬂ‘f:
different conhinations of asmetry parameters e 1/3, 1/2, N
3/4, 5/4 and K‘ = -1/2, 0, +1/2, The FR separation for" type A,
,B and C bands can be predicted by estimating x, definad in
' 'equation (26), from these figures and subatit_uting in
: equation (27). This method has nany restrictions. Firat, in'““""‘.“--'»--
many cases ¢ and \C differ conaiderably fron the ab\ve-mentioned

- . Fe
- « o, e . L I
»

<y
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- values y. 80, that 'leﬁorioue 1nt_:e?poleﬂon -1e.l eofnet':l.rhee' ueevold; .
_551; lfor calcu_letfng X values and the correeponding__ branch _’
eeperet_'.i‘cns. Second, many compounds have ?"-> ' 8/4 wh‘:lch
interferes with the extrapolation. Also the estimates of x

l, 'velues are not reproducible, which results 1n different -

prediction for the same molecule by ‘different workers,
. 4

F

. To overcome these difficulties and to eliminate un—.
) certainties in determining x, Seth-Paul and Dijkstra<34) have
) worked out a procedure and reduced x to 2 number, a cohstant -
ratio or a function of. constants, vhose values depend on .

.and K and are given in Table 2(34) . However, for certain
) ! g :
values of ™ Seth Peul(37) has shown that 1t is more e

convenient to use the relation .

Av(PR) = lOz(BT/9)1/2 oo (36)

-

" where ¥ 18 again either a number, a constant ratio ora runction
of. molecular para.qleters given in Table 2(37) ’ while B = .
BC/(B +- C) or AB/(A + B) depending upon whether the molecule

K -
is a prolate or an oblate asymetric rotor respectively.

.

'rhus equation (30) has' been used in the present work

_to determine the PR separetibn of asyme%ric rotors. The

moments of inertia shov all our molecules, except tristi'i- ‘ |
‘lflucromethylphoephine ‘to be prolete asymnetric rotora vith K
~and f° lying between -0.52 - -0.8 and 0,97 - 1,65 res-. p
| pectively. 'l‘hus, from Table 2(36) X values for A, ‘B and C
. type bands are equel to S(B), 1 and 38(5)/2 reSpectively,
 where 8(F) = 0.712/(F + )2-1% and F + 1 = av2B, .
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Sinee the majority of molecules studied here have
only a C symmetry, vibrational modes fé’r vhich the dipole '
. _moment change occurs in the plane of symmetfy will have a '
more or less hybrid structure and the PR separation given by
formulae (30) will therefore not correspond to the experi-
mental _v_alue. However Seth-Paul and De-Meyer(aa) have given
a formula l‘or, the calculation 'of PR separation of a hybrid “
. band namely | . N S S o |

-

' v(PR) type 4 = (%) s, &t [ ey

whare 8,( refers to the- PR separation of a pure ¢ type band
and £ to the angle between the direction of the oscillating

‘ diyole and minor « .axis of 1nert1a with respect to the other

IB axis, X s either a mmber, a constent ratio or fa function’
“of several molecular parameters, depending on the Value of

Kk, a.nd ¢" and its values have -been given in Table 2(38)

K For our molecules since -0.52 <K ¢ -0.84 and 0.97 < p" <

* .1.85,"x values from Table 2(38) for AB, AC-and BC type bands
are l/S(F), 3/2 and 3723(5) 'respectivelf. According to
Seth-Paul et al. 38) 1¢ « ¢ 7/4, the hybrid band,is dencted
“by «BIF , while for w/4 & & < w/2 the hybrid band 1g-denoted
by a(S.L It s this notation which has been used to describe
the expected band - types in Tables 2, 4, 6 lO, 12 14 and 16. -

%

N é\\
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S . Chapter 3 < .

EXPERIMENTAL.

\ Ihis chapter gives details of the methods employed
in the preparation and recording of the spectra of various i
compounds. '.rhe preparation of .the compound § hes been divided
-.,‘_into two sections. Bection 3.1 deals }:ith the preperation
or selenium compounds, while Section 3.2 deals with-the. pre-
peration of phosphorus compounds. For each o}‘ these éections,
T a general reviev is given first, rollowed by/ the actual ‘}
deteils. | Co o ' |

3. l The Seﬂeni\m Compounds

i

All selenium compounds reported ig this work Jhave
‘been prepared by the original. methocls("a 3’3 ) and the details ‘ |
: “'described by Clase(a) and Bomford(g), uhicha sometimes had to. e
be modified. ‘For- mogt of the compound the reactions '
| employed are simple and unidirectional as ‘evidenced by their :
high yields. Where any by-products werje expected steps were
“taken to either ensure, their absence or to purify the compound
till its spectrum revealed it free of the intense bands of the
‘oy-products. | ’

'3.1.1 General " S

A homogenecus- mixture of seleniuin and silver tri-

f1luoroacetate (molar ratio 1:5). is.heated‘ at. 280° for two .

@
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s

-0

' compouents, silicon tetrafluoride and carbon diloxide etc. by

© . with mercury in daylight-for 24 hours

hare. Bis(tritluoromethylseleno)mercury reacts at room

- 25 - . < .

. . - " *
‘ 0 . . - ' ° * ¢ !
-

!

ours in a pyrex tube, when the following raaction takes
pl ce(a) - .

) ” © 2800 o -
Se + CF COOAg —_— (CF )o,5¢ + (CF.Se), . -
.3 4 3’2 3 2 \
2 hrs. . . , .
- /“ ‘ ¢ . .-’ v - .
o ‘ +COF2+31F4+ coz+---- -,

Bistritluoromethyl selenide (b.p. = =2%) and diselenide

(b.pa = 73°) are easily separated from other highly volatile‘

vacuum fractionation. Bistrifluoromethyl selenide and di-
selenide are separated from each other by shaking the mixture Y
(8) h

, when bistrifluvoro-

N methyl diselen:lde reacts to form a yellov crystalline compound

b:ls(trifluoromethylselono)morfury, 0

((31“3815)2 + Hg — (CF Se)zﬂs ’

which serves as a useful 1ntermed1ate in the synthesis 0

and mebhyl trif&uoromethyl selenide respectively." The

f
-~ reactions can be summarised in terms of the fo]zlowing

equations. _ ’ - S v }

L Gh e - v ’v'n

----------------



_ forming vacuum fractionation.

J ' . >
X 8
26«' a »
& . : “

. . S ‘ wy '
- (Cng?\)Zﬂg 201, o ’2»013'3830:'.[ + HgCla_.

‘ \ o 5 | ‘ C e . _
Do (CF e)H g 2Bry, e 2QF33eB; + HgBr,

- " (CF Se)zﬁg + I (echessY\. (CF‘sSe;)2 + I—IgI:2 o
. e f . '

- and (CF Be)ZHg eCHa L ' 2(:F3$eCH3 + Hgl,

Finally, trifluoromeihyl selenocyanate is prepared by the

reaction between trifluoromethylselenenyl chloride and
9 /

sxlver cyanide z’

I"

3eCl + AgCN' : -+ CF

\
\

CF SeCN + AgCl

3 3
The following cold bathl have been. used for per-

e

Ba‘,th: oo g .?Iempera,ture "0g -
Liquid nitrogen o Tase
. 75 per cent. 15ppentane + -140
* 25 per cent n-pentane . T
75 per cen® n-pentane +. o -iso ‘
25 per cent isopentane O S -
_-metnyl«- ether ' . *-116
Acetone. . _ St 95 '
- Ethyl acetat&~ : - 83
Dry 1ce.+ acetone . o -8
"7‘~Chloroform o '.l-.""-631'
" Ice + common salt - | N L '21
| . O
SR |

';?f.l‘ ) 4t
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3.1.2 uPraharation of Bis(trirluoronetny‘iseleno)mercuay

Trifluoromethyl silver« acetate (14 g. ) a.nd seleniun

powder (18 g.) in the molar ratio 1:§ were thoroughly mixed
in a mortar and the mixture dried 1n a vacuum over phosphorus
pentol&d& for three days.

I}i a typical experiment 10 B. of this nixture ‘ |

'_were,placed in a Carius tube (25 cm x 30 en), which had been -

earlier flamed out under vacuun to remove traces of noisture., -

The tube was -evacuated, sealed and heated in an oven at 280°

for 120 minutes, after which time the tube was brokeh open

in a vacuun line and the fraction volatile at -78° was pumped

off and ‘discarded. The fraction involatile dt 76° was
ret;ained and condensed onto an excess of triply distnled
- mercury contained in a Carius tube. -The tube was sealed and ‘

kept shaking in daylight for.24'hours. At the end o!./'rthis |

‘time a black solid with a few yellow specks had rorméd in the '

tube. The tube was ‘{roken open on:the .vacuum line and the

- ‘volatile products (matnly bistrifluoromethyl selenide) ‘vere
. sealed 1nto another thick-wallad tubo. The black residue -

y

- _vith a few yellow specks was extracted: 41th anhydrous ether
o an.d the ether was later vavaporatad oft.giving a dirty.yellov

sunstance." This was sublimed at 50°, in the dqgrk to giwe a

'yellev crystalline substance having the melting point

a——

_(_)'- -51°. The yield of the .f.:lnal product in a typical experi—

’
—
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ment was 1. 73 Bey 8 yield ot‘ 35 per cent based on CF'3 g‘roup. ‘ _
. Since “the amount of bis (trifluoroxdethylseleno)mercury obtain- |
ed from one tube was quite small, {'the reacticn was performed
simultanoously in four tubes and the combined £roduct treated
as above Since the compound undergoes slow decomposition

in light 1t was stored 1n the dark and always either pre- - ‘

" pared fresh or sublimed before uge.
|

'~ 3.1.3 Preparation of Bistrifluoromethyl Selenide -
* The impure bistrifluoromethyl selenide collected in
sub-section 3. 1 2 was subjected to high vacuum fracti’onal

dist}llation in a vacuum line of conventional design having

four trape. Three consecutive traps were maintaine‘ at .
‘-116 and ~-95o respectively and the impure fraction was
allowed to evaporate slowly. from the trap at--95 . After

=

. g

sometime, nothing was left in*the trap at -95%, while the‘ D
major fraction collected in the trap at -é16° and" a very T ~
small amount collected in the trap at -196°, The above

Zprocess was repeated several times till nothh{\'collected-in
~116° were

- r)e trap at -196°. The contents. of the trap
] f}zrther\purified .by several t;'ap-to-trap distillations
«fejecting the epd '5 oer gent fraction every time to ensﬂureﬁ'
the 'complete'removal of high boiling il'npurit‘ies, if present. . o l,
Finally the -pure bistrifluoromethyl selenide wvas sealed in , »'o;. ‘

a; thrck-walled glass ampoule under vacuum.. The 1n.frared




| sp'eetrun: did"_not reveslvany ‘bands due‘" to CO, e.nd 81F4;

3, 1.4 Preaparation of Trifluorometh)’l Msthyl Selenide

product ‘vss found to weigh 3.2719 g. a 96, 2 per cent yield.
‘.It did not reveal any’b’aﬁdue to QHaI 1n' the lnfrared.

TR R
[ oot

\ EAF
E . . i
1)

\

a!

(CF, Se)aﬂg +:2CH41 -——-» ZCFSSQCH& + HgI2 ot

Hethyl 1odide vas. condensed into a weighed thiok-'

.walled pyrex glass tube, the tube- sealed and’ xJeweighed. ,";n'
' -this manner-freshly distilled metliyl 1odide (2.96 g. ) vag

condensed onto bis (trifluoromethylseleno)nercury (5.3. 8oy

slight excess), oontained 1n a thick-walled )Carius tube, The

tube was sealed and shaken for four days at room temperature. - .-

Crystals of red nercurie 1od:lde appeared and a Clear l:l.quid

separateac/ The product volatile at room tsmperaturé was

[
wr

. transferred under vacuum to ‘a weighed !thick-walled tube The b

B ¥
-:.I‘L‘-.;

liqu:ld and a red sol:l.d started to appear. Tho tube was. T

‘heated for three hours tofallow the completion of react on. '

S 3 l 5 Preparation of - Bistrifluoromethyl Diselewide \ ‘ ‘e 4,r~
(CF3§9)2H3 + . 127-«»’ (CF.; Se)2\+ Hg12 . o
, ' Bis (trifluoromethylseleno)mercury (3.0 g.) and »
1odine (1”7 €ey excess), previously dried over. phosphorus v,
' ~'pontoxide were sealed together -in a Csrius tube and the a H_
.tube heateg ‘at 100° After ten minutes of heating a yellov | .
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The, product volatile at room temperature vas transferred ‘
under vacuum and sealed into a veighed thick-walled tube. The
product vas found to weigh -1.7223 g., a 96, 3 per cent yield.

-

P
‘3. I 6 Preparation of Trirluoromethylselenenyl Chloride

wt

. (CF Se)2ﬂ_g' + zciz—-’-———y 2CF,8eCl +’.egc:12

-

,\Dry chlorine gas- (1. 6176 g ) was condensed onto ;;fﬁ
bis(trifluoromethylseleno)mercury (5 695 g. ), contained in a
Carius tube (in exact stoichiometry of" 1~2) and the tube sealed.
Bomford(s) has usea bis(triflﬁoromethylseleno)percury in excess
/of stoié%iometry, which mey lead to the reaction. -f. Y

-
CY Y]

P (CF Se)éﬁg + C1 -——————e (CF Se)2 + HgCl2 “

‘ and henoe give bistrifluoromethyl diselenide as impuri:
soon as the “tube be?e to room temperature, a oherry red liquid
started’ separatfgg. The tube was kept at room temperature

lf for 24 hours to allow the reaction to ‘20 to completion._ To
’ prevent the transfer or any%triohloride that might have rormed '

-.only thé product volatile at -21° was transferred under vaeuum

to a weigned thick-walled tube. The product wag'found to 'eighjf_ ..

) 4 1586 g., a yield of 08 per eent

3 1. 7 Preparation of Trifluoromethylselenenyl Bromide s

(CF Se)éﬂg + 2Br ————j~+s ' 2CFaseBr f.HgBré’
T Bromine gas (1 9119 g ) was condensed onto Co
.. RERE . .- L
. .'.'.rg\, N .

@
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Carlus tube (in exact stoichicketpry, of 1:2) and the tube
fn:‘sealed. The stoichiometery ls 1mportant for the ,reasons
. explained in sub~section 3.1.6. As soon as. the tube came to
:- ‘!room temperature, a dark brown liquid sta ted separating. The
| *. tube. was kept at room temperature for 24 hours to allow com-
pletion of reaction. *The tubé was then broken open on the

vacuup line and the- product volatile at =219 vag transferred .

"to. a veighed thick-walled tube 1eaving behind -a white reaidue O,

: consisting of nercuric bromide and may be a small amount of
selenium tetrabromide. The produot was round to weigh"
2,3784 ., @ yield of 87 3 per cent

& -
*

Y i -

3.1.8 Preparation pf ?rifluorOmethyi:Selenocyanate:

.,_r , 1 ; ) _

-

- CPgSeCl + AgCN ——— CF,SeCN + AgCl - :

+ ' Trifluoromethylselenenyl chloride (1.8476 g.) was

condenséd onto an excess. of* dry silver cyanide, contained in

a.Ceriua tube. . Thé'tube.was sealed, wrapped in en’éluminiun _
. foll (to prevent photodecomposition of AgCN) and kept shaking
for 24 hours., By the end of this time, the red colour of ’-
trifluoromethylselenenyl chloride had disappeared and a
colourless liquid appeared The. tube. wee broken open on the
Y vacuum . line and the product volatile at room temperature ‘
. transferred-to & weighed. thick-walled ‘tube. - The product was
~' L found,to wéight 1.7294 g., a yleld of‘98.7 per cent.

3 )

E)

w_,_bi.él(t‘.-ri.flt"u')rome‘,thylseleno)mercury (2.637 g.); contained in a
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3.2 The ?hosphorué Compounds

e The perfluoronethyl compounds ot phosphorus studied
here have hpen prepared using methods of Bennett et al(l) v
Burg and Brendol(4°'4l) and modifying them when and | where

felt necessary,' The purity of the oompounds was detormined

by comparing their%infrared spectra with the already known ‘

(1,42)

part of the. spectra of the pure componnds Where any |

.....

“by-products were expected all steps uare taken to p&rify the -
s«. compound till} its-spect;um;revea;ed 1t free of the intense..
i : ,hands}ofifhe by-products. . ' oo 4

"~ . 3.2.1 General

v -

‘ N ) Hhen rod phogphorus and trifluoronethyl iodide are
) . heated together at 195 -.200° for 48 hours, the following

Y

-

' . reaction takes place.

P(red) + CF,I. ¥§§=§§§+ P(CF, ).+ (CPy)PI

' T o L2 . . L
= . | . o ﬂ * CFgPI, + PIy + P,I, .
 The following equiiibfium'ié';othﬁp in reaction veosel{“
(CFa)aP;. ?=;:::;:1 ':P(Cgaza + CF3PI2 .
. —————$, 55 - - .
ZCFbPIa ————= . (CF,),P1 + PI; - o
. . T y .
P(CF 3)3 * Iz'f-ff-f* (CF,)oPI + CF,I

Ay ,.r‘}m\

Ihe yiold of trifluoromsthyliodophosphines increases vith—*i—

o the use of low tomperature and phosphorﬁp tri-iodide in the]i

. N
- ! . » . .
. ° . . - .. A Yo
.ot . - - 3 \ ., . .
. ’ s ' Lo . « . . .
N N . - ®
o, N . R . ’ B ‘ J
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reactants(l). .The products, 1.0., unreaﬂnd trirluoronethyl-

1odide (b.p._=-22°), tristr1r1uoromethylphosphina (b.p: = ,
17.3°), bistrifIuoromethyliodophosphine “(b.ps = 73°), tri-
fluoromethyldi 1odophosph1ne (bop. - 140°) and’ phosphorus

~ lodides (solid) ‘can be easily separated from each other by,

L ‘Wter and 1ow'bo111ng'1mpur1t1es~(c2Fé, air ete.)’

7*(

high vacuum fractionation. =~~~ . . . "

+

" Tfifluorométhyliodophospﬁinas,thus obtained are.
converted to corresponding trifluoroﬁethylflﬁoropﬁosphines.

using antinony trifluoride as flﬁorinating agenx’and thc

method -of Burg and Brendel4%141) (arter sitght mpdifications =

. wvhen the following metathetical reaction takes place ) ) -

3(CF3)291 +,SbF3 7————-3 3(CF, )ZPF + 8SbC1,

an

° 2 ‘ . r -
s ..3CF PI2 +,23bF3 e SCFaPF2 + 2Sb013

LN . * r

The method of- Kulakova et a1(43) vas fcund to be complicated

and hence not used.

3;2 2 Puriricaticn or Reagenta

Qb

[

2
vere removed from trifluoronethyl iodide by passing the gas '

thraugh ‘a. set of three traps maintained at -116, <150 and
'~196° fespectively and using the fraction condensing in the )

" ‘trap at -150°. Red phosphorus used was of, commercial grade

'and _vas puriried by,;efluxing portions of 100 g. for 24 h?urs

T . ™~ v '
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"weighed. ‘;
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with 250 ml bf 7 per cent sodium hydroxide solution under an

atmosphere of nitrogen.  After removal of the hydroxide the

'phosphorus was boiled for 24 hours with distilled wvater under

an_atmosphere of nitrogen. Later phosphorus was washed with

'cold water until alkalinity'disappeared Phosphorus was now

washed with absolute ethanol toxremove water and dried in a

© vacuum dessicator.

3.2, 3 Preparation of Crude: Tristrifluoromethyl- and.

Trifluoromethyliodopho%phines

Trifluoromethyl iodide was ‘weighed by condensing .
it intq weighed thick-walTed tubes, which were sealed'and re-
In a typical experiment dry purified- red. phosphorus'

(7 9 g. ) wag packed in a Carius tube (30 em x 2.5 cm), which

was evacuated for about four hours, heating occasipnally to

approximately 100° wifh flame to remove traces of water

" Purified trifluoromethyl iodide (10 g.) was .now obndensed onto

3
red ‘phosphoru (molar ratio 5:1). - The tube was. evacuated,

" sealed and heated at 195 .- 200° in an oven for 48 hours. The

volatile confents of the tube were transferred to a vacuum

' line of conventional design fitted with a diffusion pump and’

having four traps (say 1,4 2, 3 and 4 in order). Vacuum dis-
tillation vas carried.out by maintaining traps 4, 3 and 2 atr

‘températures of f196, =116 and -95° respectively and‘allowing
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the liquid in the trap 1 to evaporate at reasonably slow rate. : o

After everything had evaporated from _trap 1, the largest

g .
amount collected«in trap 4 (-1960), which the infrared spectrum ;N
revealed to be mostly trifluoromethyl iodide with a very little |

:of tristrifluoromethylphosphine. The contents of traps-S and ’

- .2 were equal by volume. -The contents of- trap'3'( 116%) were |
colourless. The infrared spectrum showed them to be mostly '
tristrifluoromethylphosphine with a 1little trifluoromethyl |
7¢odide and possibly some. bistrifluoromethyliodophosphine as .

fimpurities. The contents of trap 2 were brownish yellow in
.colour and should be a mixture of.. trifluoromethyliodophosphines-

'"with a trace of free iodine as impurity.— The contents of traps‘
4 and 3 were separately sealed iato thick-walled glass ampoules.'

The contents of'trap 2 were further separated in two components .

by.maintainiﬁg twotcoﬁsEcutive traps at’ ;63°:andr}959—res-. —
pectively, when a iiéht~yellow liquid collected in the trap
at -95%,. The infrared Spectrum revealed it to be mostly
bistrifluoromethyllodophosphine (colourless) with a little of -
trifluoromethyldi iodophosphine (yellow) “The ‘trap at -63% . |
contained a dark yellowish-violet liquid which should be '. -
'_mostly trifluoromethyldi iodophosphine with a trace of free ° J

lodine as impurity " Both these fractions were sealed into

separate gléss tubes and stored in darK at low temperature to
avoid photo-decomposition. Thus these fractions could not be.

welighed. However, the amopnt of-trifluoromethyliodophosphine

A <
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volume. Since the compounds are reactive all stopcocks\were
Vgreased with halocarbon grease /kel-F A11 frectionations . -

uminium- foil“““"’”ﬂ——

-

.‘were carried out with vacuum line wra' ed

o avoid decomposition of unstable products. Since,the amounts
&\\ .'.lx of products obtained from one tube were too small, especially.
- ‘ the trifluoromethyldi- iodophosphine, the same reaction was
. :carried out in four more tubes-and the -combined’ products

treated ‘as above.
3.2.4 Preparation of Tristrifluoroﬂ;tpylphospﬁine

" The fraction which condeﬂsed into the trap at -11§°
, S in sub-sectiop 3.2.3 contained trifluoromethyl iodide‘(low

boiling)- and might also contain’ bistrifluoromethyli ophosphine
as-high boiling impurity. So this fraction was-further P i-
fied by'several high vacuum distillations, till the infrared
spectrum was free of trifluoromethyl iodide. In a typical"
fractionation, three consecutive traps uere maintained at
-95,.-116 aud.-196°'rehpective1y."The impure tristrifiuoro- -
methylphosphine was slowly evaporate& from the -95° trao and- |
- the final 5 per cent of the fraction in this trap was rejected
"each time to ensure complete removal of the high boiling -'\
-impurity (bistrifluoromethyliodophOSphine)- Finqlly, the ~ T
fraction in the trap at -116° was sealed into a weighed I~

thick-walled pyrex glass tube as pure tristri luoromethyl-




phosphine. The infrared spectrum compared well with already
reported spectrunm of pure compound(l> _ —_—

3 2.5 Preparation of Bistrirluoromethylfluorophospbine

The fraction which finally, condensed—int“o‘the‘“%a“““—‘ )
trap in. sub-section 3.2.3 might contain tristrifluoromethyl—
phosphine and trifluoromethyld1—1odophosph1ne ae 1mpurit1ee.
This was therefore purified by several high vacuum distillations
as described in sub-section 3. 2.4, but still it had a very

e "= 11gBt yellow colour although infrared spectrum compared well -
with the already reported spectrum of the pure compound(l)

;' ‘. The purified fraction was condensed on-freshly sublimed .
antimony tri¥luoride (2.5 g:y excess by visual approximetion),
conteined in a Carius tubé and the tube sealed According to

- Burg and Brendel(4o) ‘the reaction went to completion ategoom
v Ttemperature.in-three days, but we found that at room tempera1(
-~ ture. the“reaction went to only about 10 per cent. Perhaps-the-
ruby red coating of antimony tri iodide, stopped antimony o
fluoride from fnrther reaction. Thus ‘to remove this inert
o coating of antimony tri—iodide a magnetic follover vas put
T © . inside the tube, but still even 1n three days the Teaction..
) went to only 25 per cent. Finally, the tube was heated to
..60° for 24 hours and it was found that the reaction vent to.
ic;elmost 100 .per cent. The volatile contents of the tube were —

"f'transferred to the vacuum line ‘and. subjected to several vacuum
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distillations, using three traps at -196, -140 and -11s°

_;_;;_;l;d_;——-—————*—*—~——"’““""’“_—’

| respectively and the method described in sub—sectdon 3. 4.

5 The major fraction collected in the trap at -14o° (vhere bis-
trifluoromethylfluorophoephine was supposed to collect).’
small unreacted fraction’ remained in the trap at -116° (which L
might be P, (CF )4)(40) and almost nothing collected in the ’

y  trep, at -1ao° ' PinaIly, the fraction in the trap at -14o°
was sealed in. e cleen-thick-walled tube as pure bistrirluono- )
methylfluorophosphine. The infrared spectrum did nct reveal.
. any intqnse bands due. to Py(CF, )4. Only one intense band vas

obeerved in the P—F stretching region at 852 cm- 1 (42)

3. 2.6 Preparation of Trifluoromethyldifluorophosphine'

. . The fraction which condensed in the -63° trap in.
sub-section 3. 2.3, could not be further purified -and perhaps
-~ conteined in addition to trifluoromethyldi-iodophosphine '
| iodine as impurity._ Iherefore,‘it vas condensed as.such on
fresuly sublimed antimony trifluoride (2 g.,‘excese bf visual
approximetion), contained in a Carius tube. containing a
magnetic follower. The “tube was sealed and kept stirred for
» 36 hours at 60° arter which time colourless antimony tri-
fluoride had chenged to ruhy-red entimony tri iodide and ‘no ,
yellowish trifluoromethyldi iodophosphine could be seen.
8imilar conditions hdve ‘been reported in rererence(4l) but.ﬂus ‘
- was recelved late end_uence could not be referred to vhen the

Zcompound was.peiqg'prepered.' The volatile contents of the

- . , - -
v . . . N 5
- v . S . . - .
. . .
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“in the P-F stretchinge region at 865 cm .

. . . -'-.‘
. - . . - 39 - :_r‘
N Ay . . -

1

' ﬁube vere nov fransférjed to' the vacuum line .and s.ubjécte\d to
several vacuum distillations, using three traps at -196, -150
.and -140° respectively and the method described in sub-section‘
3.2.4. The major fraction collected in the trap at -160°,

yh‘erg trifluorqmethyld1'f1uorophosphine was suppoSed to collect.
A very small amount c‘ol;l.ected in’ the trap at -196° 5(951ch' may

~.b‘e 'PF ) whilé nothing was left in the 'traJp at -140°, - Finally,.

the fraction condensing in the trap at -150° was sealed in,
a’ clean thick-walled glass tube as pure tritluoromethyl-A

. d:l.fluorophosphine. The infriared spec_trum did not reveal. any
. '

intense bands dde'to PFG ' -Only one. intense band was observed |

1 (42) F'cn,u.:'t:yp':lcatl"E '
m,,f- |
reaction tubes gave about 0.5 g. of the rinal product. e

e . S ) )

a
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3,3 Instrumentation '

Gas phase infrerecf )spectra betveen 4000 - 250 cm -1

a . 4

-

_'"’ < were-‘brecorded on Perkin—Elmer model 457 grating- infrared

e ) -spectrophotometer, using 10 cm gas cells, fitted vith Csl '
and NaCl windows respectively. If "some bands‘ \rere expected'_ _

RIS PRSI SR DU . ‘. 1

e -~ 4in the region 250 - 200 ci™~, the region was scanned on ' .
” Perkin-Elmer model 226 p_risﬁ and grating spectrophotometer.
All sp‘ectre ,b'etwveen 4000 - 600 cn':'l were r‘eccrded'
‘ at 3000 and
| '\ 1600 cm"]" respectively) end slow scan speeds. . To‘record
' the; cvertone and combination bands, the gas cell was. filled

usi‘ng normal slits (resolntion of 4 and 2 cn'l

.

) with the vapor pressure of the substance at - 45° for high [
boiling compounds.' For the low-boiling.compongds the pressure ‘
‘was adjusted to get s.reasonaele intensity'gpr'the overtones
‘“;f“lnd“ccmbination bands; 'ln'no case/ the pressure vas alloweq'
. to exceed 760 mm at = 45% and no ‘attempt was. made to record
the’ pressure in the cell since the compounds are reactdve ‘
. and attack mercury. Later, the pressure. wss reduced to record &
“other important be.nds The instrumeht was calibrated in the
:region 4000 600 cm -1 using polystyrene‘film and internal

calibration (carbon dioxide and water bands (44)), while the-

-1 (45)

+ ¢ reglon from 600 - 250 cm - was calibrated ulbing water bands
(interna‘l calibration). Bands which seemed -to show a .

struct'n're were recorded on ten times expanded abscissa, to

N - , . _' ) . - .
. . o o . R
| cL ST -
s LT ,
. , . . ' . . !
: S . .
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‘and 600 - 250 em

dioxide and watet bands, especielly in the region 600 - 250 cm .

- former. 'So, their spectra wemrecorded between 4000 - 700 en'

asing NeCl cell, and between 600 - 2.*55 cn! the CsI cell was'

: decomposition of CFSSeX. The.windows renained feriy

- Among the phosphorus compounds CFSPF2 and {CF. )2PF verg

'\ ‘. - 41 ﬂ;

N

-determins: hccurately the PR separations. The spectra'between

600 - 250&cm -1 were always recorded on ten times expanded

Mebscissa to determine the position of. band§7with better pre-

cision. Thus, the wavenumbers of various bands are reliable

to+ 5,4 3 and + 2 cn”! 1in the regions, 4000 - 2000, 2000 - 600

-1 respectively, vhile the PR separations are

1

feccurete to ¢ 0.2'cm' » The instrument was always flushed

with carbon dioxide-free,dry air to avoid absorption'by'carbon’.-w»w‘””
-1

All selenium compounds vere dried over phosphorus pentoxide
/

.<before recording their infrared and Raman spectra. Trifluoro-

methylselenylwchloride and bromide were found to attack Csl

o windows,-the latter eompound attacking more-reediiy than the

ugsed. The compounds attacked CsI vindows and turned them .

yellow possibly through the ﬂollowing reaction o e

_ZCsI + 2CF

: 3Sex -—————j* (C§38e)2-+ ZCsx +w12 v-

({mere X = C1,Br)

The ' thin ‘coating of the compound CsX vas formed on the

'windovs which prevented ahy further attacknand consequent

~

,trensperent after the attack and did'not show any ebsorptioh;

Kal
) - . . . R . e ‘_‘,.w*""
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found to atgack CsI windows slowly, therefore the spectra of
. -1 using NaCl cell
. ' . and betveen 600 - 250 cm ; CJI c§11 vas used. hfter attack

.m:-galccell showed many absorp the Tegion 1300 - 250 en”t,
:*.  but no sign of attack appeard in the small time n to,

thesexvere recorded between %000 - 700 cm

record the spéctra between 600 - 250 e L. . il

. The Raman spectra were recorded using a Codérg PHO .

*y

instrument equipped with Coherent Radiation Laboratories

\““r-\~\i,_model 52 argon-krypton~ion laser as the Raman source. The ..

) Raman spectra of all reported compounds were recorded as
> 1iquids in sealed thick-walled capillary tubes (4 mm o, s ),:
placed vertically in the- appropriate laser beam depending on

s

the colour of the compound Ali compounds were. colourless.
except (CF Se)z, cFasécl and CFQSeBr, vhich had light-yellow,
jred and dark-brown’colour respectively. The spectrum oﬁ&

).

CF SeCl was recorded using red laser line (154449 56 cm

3"
LIt vas not possible to record the Ramap spectrum of CFase

hovever, some bands have earlier been recorded by using /'v
'reflection from glasa-liquid 19 erface by Bomford(g.}ﬂiSo,

b S

' the values reported by - him have been usedmand “these values '
lagree well with the infrared valueaw;ound in this study
(Table 5)._ Ine Raman spectra or all-other. compounds, includ-

Ang- CCF Se)2 were recorded using blue line (20486 53. cm 1),

spue and slit setting of 2 em™l. However, the slits had to be
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Opened to 6 em to reeord the C-F s&retchings, CF'3 asymetric

, “ deforhations and other’ weak and brogd bands, . | |

' o ent was calibrated using the- plasma lines_ .
/ - he laser, whose wavelehgths are reported up. to two bo B ‘-3;.‘» ""

P . four decimal places in the MIT tables“s).‘ Using Wang 720B .

' o
/ L advanced programable caIculator, a ‘chart vas prepared’ ('.l‘able l)
, " which serves the dual purpbse of canbration as, vell as elimi- e
IRV ,nation obpuricms lines appearih/g./in the spectrum of an. -~ -
!t , =T M Fi
" /’ uitknown compound . From%ble 1, the Raman instrumem; was . . .
K 7 found to have-m almost uniform dwiatiarr»ofu-aucmw.~~~~nThe""“"i’“" """"""""" )
\ vavenumbera of the Raman bands reported 1n Tables 2 -
e T reliable to + 2 on 1, unless the band 1s quet broad
o ‘ . )/’ ,,‘,.J.w-»- i .- | , . Vi i
o ‘ ' e - fj 5 , o ’
. .)/ . ) ’ . : . 4 .‘ "/‘_/'l.- .
e o . .
) t : -'.f ‘c :' . . ; ’ $ u‘
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Chapter 4 : )
“- <A * ‘
=" . 7 APPROXIMATIONS AND ERRORS :

Before proceeding to‘the'discussions or,the'rasults'
;:‘1t:1s important to stress .the Spproximafions ﬁnderlyihg the
'calculations of the FR separations and the amount of error-

.expected. Calculationa for noments of inertia and FR o

»

separations were carried out using formulae laid down in

Chapter 2

4 . .
4.1 ,Approximations & s
Lo - \

_ (1), Among the molecules studied here only (CF )239,
(CF 38¢e),, COF4 3eCN' and P(CF )3 have been studied by electron

diffraction(47 48,49,50) and’ the following values reponted

*: .for the molecular paraieters: (CF )289, C-F = 1.334 + O, 004,'
T-Se'= 1.975(1'0.0093 [FCF = 108.6 + 0.4, [CSeC = 97.0 + 2.0
" and an angle of twist of CF, groups = 26.7 % 1°, (CFaSe)y,
' C-F =1,326 +0.005, C-Se = 2, 018 + 0,020, Se-Se = 2.292
+oo18 [_F_:_(._':_Se 109.1 & 0.8, [g§g§e-980+s° [cseSeC .
,dlhedral 84.5 + 3.0° and~an angle of tvist of 11.8 + 1. 0°
f6r~bofh CF groups from the conformation in which they are
staggered with respeet to the Se-Se bond' CF SeCN C-F = _
1,332% 0,007, Se-c(F ) = 1.984 ¥ 0, 020 Se-C(N) = 1, 854 +
.‘0:016, N-C = 1,152 + 0.9202 and [gggg« 92 2 + 2° P(CF )3,

I ~

° «
""',". ‘. N - ' ) . ‘ ‘- s .U
f ' - ) . y
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C-F = l.342 + 0,013, C~-P = 1.937 + 9.017; P..F = 2.il5
+ 0.020R and [gfc = 99,6 .+ 2.5°." For_ other molecules no
struetural determinations have'been attempted ebrlier. Hence
for these molecules, the - molecular parameters are borrowed
"from structurally related molecules either as such or arter'
-siight modifications. To simplify_moments of 1nert1a.<halcu—-

"lations a suitable orientatlon of the CFa groups was selected

- ' and - Figures 1, 2, 3, 5, 9, 10, 11 and 12 depict these orientaf

:tions of the CF3 groups in appropriate molecules. Thisv -~
: simpli{ldng procedure should not affect the values of. moments

‘of inertia themselves.

For the _molecules CF 8eCl, CFq SeBr. and CFgq SeCH
: parameters for the CF Se group are borrowed as such from - ‘
:'CF SeCN(48). -The paremeters for Se-CB3 group in the molecule h
FCF33°CH3 are borrowed from. (CH,),Se, which has been subjected

to microwave study(51). A value of 97° 1s~assumed.for the ,

C8¢C angle. ‘The cSec'angle 1n (CB3);80 has been found to

be 96, 2° " Molecules Se Cl and Se Br have been studied bi f
‘-:electron diffractlon(sz) and Se C1 and Se-Br bonds have been
found to be 2 13 and-2.24% respectively. Thus, these values
‘are borrowed as such for the. appropriate molecules. [gg_x X =

c1; Br). is assumed to be 92, §°,. same as in crasecn

v -

3



,tions witb an accu-racy ﬁtter than + 0 2 cm therefore tﬁe

' *. them off to i‘irst decimsl place., ‘

‘e 47 - _ o v

"For the phosphorus compounds (C ) PF and CFaPFz, . L

the molecular parameters for the (:F3 groups are borrowed

as such from P(CF )3, while the P-F bond diste:nces are

borrowed from PF3(53) Since theL.EF in- PF3 has been found T

~to be of similar magnitude to the /CEC in P(CFy)g,, a value of

99,6° has been assumed for the /CPC = E_F [FCP (vhich has

. also simplified moments of inertia calculations). (11) The .

cdlculations for the FR seperations do .not take into consi- '

deration effects due to centrifugal stretching, coriolis :

’ coupling end the change in rotational constants on going from

the ground to the excited state,

o 4

As seen from above, the bond lengths have an un-

- certeinty of 0,3 - 1 per cent .even- for the molecules studied

by electron diffraction. Thus a minimum of 0,3 -1 per cent -
error is expected in "thé moments_of inertia of these molecules, -
vhich will lead to an. error of similar magnitude in the

predicted PR separations, -even when fe_ctors mentioned in (1i)

"are not taken into account, However, if factors mentioned'
' in (1) and (ii) are taken into account, they could leed to as
. much as 10 per cent error An the predicted valnes o,t‘,:PR:N-_.-- -w-.----m---.-'

N /

sepsrations. Since it is not possible to measure PR separe-— ”

i‘k""

celculeted PR sepe.rations are being reported after rounding

. - ' + - S
/ » . . . ®
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Chapter §
" RESULTS AND DISCUSSIONS  *
/ : L ' g o '
. This chapter has also been divided into three - .o
sections. Sectlons 5.1.and §. 2 ddal with selenium and -
pbosphorus compounds raspectively.- I sone work has earlier :
' been done on these compounds or- some important traits raport— L
‘ed in similar compounds, they are given under the heading ‘
"Qeneral" . Also given uo}er this heading is the procedure
followed to. report and discuss experimental and calculated
data and 'other characteristics common to all conipounds. '

5.1 ‘l‘he Solanium Compounds

¢ 3

5.l.1 Gon‘era_l Sl -,\}: . i
’ All selenium cox.npm except CFaseCHs, for wh‘ich o

the: intrared and Raman spectra are being reported and dis-

- eussed in tho following pages, have earlier been studied in-
_ somo detail by Bomford(g) . His assignments are mainly based
on analogy with the spectra of closely related molecules and
oxi depolaris_ation 'ratios. The following assignments have

' . been made by him,



-x

It _»f‘
vt
+. *

C-F asym. str.
C-F sym.'stri .

3

) CFb sym.fdef.-
CF, asym. def,

CQSe stretch

Se-Se stretchﬂ

C-Se-c bend '

W
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Je’ a

*CF.8eCl CF,SeBr  CF,SeCN- QCFa)ZSe (CFase)2

3 3 3

N

‘1177 1175 1195 1192 1178,1115
1106  ©1105 ° 1101 1168 . 1090

245 744 49 747 745
sz 2 530 . 532 - 530
336 f » 2 2 am
- = o 208
i - ol 114 110

All his assignments appear to agree with the present work,

" although the vavenumbers of some bands are gsomewhat dirferent

from ours.

He ‘has not tried to obgserve’the splitting for “the

otherwise degenerate modes, which might be detectable in some -

ceses= Further, in the case of molecules having tvo GF

.groups, he has not made - any distinction between the in-pbase

andnout-of-phase -modes,

" The present study is ‘more. detailed and_was under-

taken vith ‘a view to make as many more assignments as possible.

As vill be .seen subsequently, all assignments except for the

torsional modes, which are generally weaker in the Raman have

been made, -although a few of them are tentative. The gas- Y

-1

phase inf%ared spectra have been rpcorded doun to 200 cm ~, .

o

: with a view to study in detail the band contours, particularly

a where they shov some structure. The study of band contours

] . . e



PR .50 -
: ‘ | < .
- has helped both in’' strengthening earlier assignments and .

malLing new assigmnents. The expanded scale spectra of some |

important bands are shovn in Figures 4(a), 4(b), 8(a) and ¢
8(b). . = g B
The calculated moments of inertia ;Ao; all mole-
cules, except P(CF )3; to be prolate asymmetric rotorsvw-~——~—“'“"f
Thus All, Bl ClL and hybrid type infrared bands are expected |
The asymmetry parameters K, f.. and B lie between -0.52 to
-0. 84;‘0 97 - 1.56 and 0.73 - 1,36 respectively, The Al
bands in general should have prominent PQR structure and the "
intensity of the Q branch should decrease as k?deviates from
" =1 the symmetric rotor case). The cl bands for K= -1 should
show only a prominent Q branch with weaker P and R branches, .
for values of B < ], while for B > 1 the band enyelope should
.no ionger present the appearance three maxina., As \Q
. deviates from -1, the C1 type bdZ: takes up the features or
an All type band. “The Bl type bands in general show a central
‘ 'mininum, provided this feature is resolvable. The central

' minimum will disappear as k approaches -1. For kK = -1, the
band will take the g of o CL bvand.

-

1

Torsional modes have not ‘been observed for any. of
sthe molecules’ studied here, for generally they are weak in
' the Raman, ‘Thus, . either they are too weak to appear or lile .

below the limit ( 50 cm 1), beloV~which 1t 1s not possible

. -
e T ¢
,
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tb‘go because of’Rayleigh scattering.' Since all fundamentals

‘. in the molecules about to be discussed lie in the narrow

region (50 - 1300 cm 1), vibrations ‘of the same symmetry, in

,close proximity will show considerable mixing of valence -co-

ordinates in somé normal modes, Hence, the deScripti ns of -
L]

vibrations in all subsequent tables are only approxima e. The"

number of vibrational modes, their symmetry.type,xassu d or

} established geometry, the calculated rctational constants and

 the expected PR separations for each molecule if not given in

the text are shown on, the page preceding the descripticn of the
AN
appropriate infrared and Haman spectra (Tables, 3 5y 7, 9 ll,“~.

13, 15 17 and 19). For each molecule, the projection in a

,particular plane and calculat;d directions of inertial axes

. relative to the moleculé in t is plane are shown (Figures 1,

-r

2, 3 5, 9, lO 11 and 12) Typical infrared and Raman Spectra
are showq in Figures 6 and 7 respectively. Assignments in

Tables 2 4, 6, 8, 10 12, 14, 16 'and 18 are based where possi-
ble on gas-phase infrared wavenumbgrs. Also, the discussions. -
in the text unless mentioned are bd&ed on infrared ;avenumbers. '
Herzberg ] convention has been’ followed in numbering the |

vibrations.

'5.1.2 'l'riflucromethyl'selenenyl- chloride, bromide and cysnide .

It is advantagecus to. discuss all these molecules

[

first together as they are the simplest and’ similar to each



e along with the-d

: otihei-;\n that a trirluoromethylseleno group 1s attache&
either to a halogen or pseudohalogen and..indeed they have

' similur spectra, Bomford (9) has shown the molecules to be

-.bent at selenium, and to have c symmetry (by counting the
number of bands in the Raman). From Figures 1, 2 and 3 it

~

4

Holeculo;' 'porametox;s.’ C-F =1, 332, Se-Cl = 2, 132 [_gF
109.3 and ZGSec 92.a° L " -

9
¢

v !
R

.\‘ \&‘

Figure 1. Projection of CF 3eC1-fn the plane of symnetry
?rections of inertial axes in

~

-»° . this plane.
is obvious that all innplane (a') and - out-of-plane (a")
normal modea of vibration shbuld give AB hybrid and C,L type

’ infrared band contours respectively. . . _

In these molecules, the 1nternal modes of the CF Se

group can ‘ga,easily assigned by comparing it to the CFaBr *

,,,,

: ar "

-



- =83 -

-~

F.Holecular paranetoréml F 1. 332 Se-c = 1,984, Be-Br
d :

2.24R, [FCF = 109, [C8eC = 92.2°.

Fignre 2. Projecti n. of CF38eBr . 1n the plane of symmetry
- - - along with directions of :I.nertial axes in
b this plane. . ) . .

. ’ilolebular pax‘ameterss c-z‘-' 1. 332 So—C(Fa) = 1 934

Se-C(N) = 1. 854* C=N = 1.1523 [FCF 1109.3 and  [CSeC =

' 92.2°

‘¥ a \FF

;‘Fignrg é'.,. Projection of C ?3001‘ ih theq plane of symnetry

along with the:.d

N rections' of inertial axes in .
this plane, ‘

YR




mole'c-ule, vhich has -.been thoroughly studied. The only: //

&ifferen'ce being that each doubly degenerate (e) no(le"y of
CF4Br should‘in‘ prineiple split into a! end.a" modes, due to
lower c overall symmetry of the present molecules. In the

¢-F stretching region “two 1ntense absorptions are observed

for each of these mole_cules.-. The lower wavenumber band is-

ascribed to'va(a') the symmetric C-F stretohing mode. The-':

band shows a slightly perturbed PQR structure {(Figure 4(&)}
with FR separaticns of 10.5 (10.5), 8.5" (8.3) and 11.5

(10. 5) cm -1 for the molecules CF38901 CFaseBr and CF SeCN
respeqtively. For each molecule, the pred{:ted value of PR

\

’separati n is enclosed within brackets and shows good,pgree-

ment with the experimental value. " The corresponding Reman_..,'

Aband in every case is weak and-polarised; vl(e-) in CFaBr

is found at 1085 cm l. The higher wavemmber band is

_ assigned to asymmetric stretching mode, .which is doubly de-

-1

generete and roumi, at 1206 cm in CFaBr. The. degeneracy

for the C-F stretching mode seems to have slightly lifted in -,

our molecules as the higher wevenumber band in all cases

shows a , sub-band structure {Figure 4(a)} vith a' and a"”

modes strongly overlapped For this band the first minimum °

- .on_the higher wavenumber side is arbitrarily assigned to the

' origin of the AB.I. type band contour expectcd out of the

4

“ .

l(a‘) mode., The maximum is then .taken to be the Q branch of

e . . \ v Ld . - - . , ‘.- L
. . . N - . . “a -



- -85 -

" lapping each other. The asymmetric deformation modes seen

- . . -

-

-the C1 type band, expected out of the a" component. This

assignment 1is ,ruz;ther’ confirmed by the ﬁaman‘spectra, whieh

shows a corresponding depolarised band.
7

The CF3 asymmetric detormation mode 1s degenerate

1n CF Br and. found at 550 em 1 ‘!hus the bards betw,een

535 - 550 czh'l in all these molecules are ascribed to CF3

‘ asymmetric derormation modes., For CF33301 and CFSSeBr the

w

banl shovs a sub-band structure with a' \and a" modes over-

-0 show more splitting compared to the asymmetnic-*stretching
- ‘m'odes. Again as before the first minimum on the higher
Iwavemmber side is arbitrarily assigned to v, (a! ) mode while T

the maximum ~at lower wavexmmber,end is assigned to the ¢
branch of the .a" coumponent. "In the case of @F SeCl, the

Raman spectrum 1n thnis region Just shows one depolarised

band. Thus the a' mode 1s eithe;- hidd_‘an‘under (the Raman

bands in th’i's rsgion'are weak and broad) ‘or too weak to

appear. ‘):Ynsley et al. (54) bave studied the vibrational-

CHaseCN and assigned the strong intensity band in s

the-iﬁfrared at 519 cm'l to Se~C(N)- stretching mode.  We.have °

s_pectra

observed ‘for CFaseCN a strong. 1ntensity flat bottomed ‘Bemd -

IZ . 1

with, band centre at 538 cm The band 1s perhaps made up

.'of tvo or three closely Spaced bands. For all other molecule s

only weak 1ntensity bands are observed in this region. This. ——

. E)',
; - . g




1Y

,:ais.«:-;- _ the 'band at 538 cm'l is’ perhaps made up of- two pr three v

¥ "¥. °~  eclosely spaced. bands and therefore assigned to a composite o
- LT e . f )
- " of strongly overlepping (a* + a‘!) CF3‘asymmetric deforma--

tions.and Se-C(N) str,%tching modes. The Raman spectrum shows’

two -weak ' but polarised bands in this region. By comparison . -

with other single Cl-":3 group containing molecules whose spectra

is being discussed here, the lower wavenumber band at 532 em 1.

- «r_.f’i;% . 1s assigned to 94(a ), the asymmetric’ deformation mode. The

nw -

.‘)

other vlz(a") i.s possibly too weak to apbear in _the Raman.,

@.‘p .
ARG P S ",
R w \_f

20T The higher vavenumber band 1is assigned to va(e'), ‘the (N)C-Se
a7 stretching mode. ' | '

-l in each of them is '

, ' The band between 740 - 750 em
J. assigned to v (a )y, ‘the CF, symmetric deformation mode. It
Z . ' shows a good PQR structure {Figure 4(a)} expected of an ABIl
3 -’5-'_{./-1__'_, type band contour, with a FR sep ion of. 10. 4 (10 5), |
“ 8.1 (8.3) and 11.0 (10,5) em”) fc)(;FSSeCI CF,SeBr and
cFasecn re‘sﬁectiveljv. The predicted values of PR separation

.=, are enclosed within brackets and show a very good agreement

‘with the experimentai value in each case. The co,r.es

Raian band is-always strong confirmigg the a
s . s /

for CF,Br is found at 760-enm >

? ‘ . - “ L ‘ . . o
. . /?By/cw rison among themselves and other selenium e

, sompounds studied here, the rocking modes are. assigned to the

bands appeaning between 250 to 300 em™ Y (ef .. 300 cm -1 for .

.
- o a
- . . . e . B
. - . ol v - -
. s e . f “ .
el - Lide . - . n"
. - . e ’
. - . S " - x . - f‘k T - } /
. . ) . L 0
o . - . . . .
3 ¢ \ ’ .
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Molecule = CF
; ecu '

Calculated principal moments| of inertia (cm~

A = 0.0962, .B = 0.0505,

- Table 2.

€F
Se=Cl stretch v

.. CF.f rock S v
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.
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3SeCJ_ o Syﬁmetry t&be ;;Cs
Number of'nbrmal;modes'oﬁ Vibratipﬁ‘= 12

o~
b -

s o }
Symﬁbtry“specieé of the modes = 8a' + 4a"
Selec;igh rules.(for forbi@den vibrations) -

e k a

N

Infrared = none; % Raman = none

P B

1

)

'C = 0.0402'%
Caltulated PR separations (cmTl

) and asymmetry parameters '

All =.11.4,7 BL = 8.8,  Cl = 17.2; i = -0.53, pf ="1.11

H
- H

3
© and expécted band “contour types.’

Fundamental modes of -CF SeClj‘their

e

¢ . - ~

K

o

assdignments

k 7Sﬁqpies

Approiimate
.description

[y

o
*gym. stretch
D o o .
sym. deformation™ v

peo e . §
asym. deformation - Vy

3

CF3

429 ABL -

Cc-Se 'stretch . . . v /336 ' ABJ|
3 ‘ 280 . ABL' v

C-SetCl bend . . -v 129 .aBL.

*10°

CF., torsion - 7] - ey ? cl
3' bt . ‘ . TTe- ] 3 102 P pt )
- e o ’ o ’
el L1
.
[ 1 . v
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Table ‘3.. (COntinuéd) -+
S S - IR '
‘ZIR(qas)_".ﬁ ‘ {Raman((liquigy

a v . . 4 : . " ' . ° R .

“tem 7 eml pol. 1 Assignment .

we Ly
1180 . Q 1167 - ﬁp R VVW‘ , ,.‘
1185 - - T
1187 .

S12280 L T T vy 1240 -
~12762¥ L T Vg Vs 1283

1294" T el vg vy, =rl287

i3go. ot TN g g =391

1454 T v vy = 1460
1520 . T g Vg + Vg = 1521

e L b= 171
1861 . - L "o vy 4 Vy = 1855
924 T vy v, = 1924

2220 e v, =2222

+
<
il

27285 . T Ty 2291

2360° - o T 2v; = 2360

l' nn.

weak, m = medlum, s = strong,

very strong, mw = medium weak, ms = medlum strong,
,very weak, VVW = very: very. weak, p = polarised,

=, dépolarised, I = intensity. '

=

i

a, . -
Cuf - 2
’ hd -'.
1 -
o d i
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.Symmetry "species of the modes = Ba' + 4a"

| e . J.
‘ . . ) $
Molecule = CF3SeBr . Symmetry type = C

"

' Number of normal modes of* vibration = 12

3

Sélégtion rules (for.forbidden modes)

+

Infrared = none; o ‘Raman = none
. . N— . -

Calculated principal moments of inertia (cm—lf'

v

A'= 0.0845, B = 0.0357, C = 0.0289

CalcuLafed PR separations (cm_l) and asymmetry parameters

Al = 9.4, BL=17.5, @ =14.2; « =-0.75, p* ="1.55
. f ‘ ' . .“‘x , ‘ a
Table 4. -Fundamental modes of CF,SeBr, their assignment

and expected band contour types.

v L M \

Species ‘ « at. . Cat o
Approximate ‘ . f‘*-l Band . -1 Band
description Vib., ‘cm type :Vlbf cem type -

- C~F. asym. stretch .- vy 1177 AB} \\vg 1173 clL
C-F sym. stretch kfvé 1106 - ABL | !
CFq sym. -deformation. vy © 745 V= | I \-:f

ij asym. deformation . 54 f534' ABL " Vig f.530 cl .

Se-Br strétch: o bg 332 aBil
C-Se stretch g - o324 Amw\
- . % .
_ . . T . N " .

CF4 réck o . vj' ?85- éB vy 26{ C;r
'CSeBr bend .- . ..vg 27 mBl ’
'CF3.t?r519n ﬁ: SRR ’ v ’ ~v12 \ .?" C%‘

4 7 ~.

o 4 ®
‘ -4



.-Tabiels. Infrared and Rgman spegﬁfahoig
‘ Je AR A

IR(gas)

\"‘l
cm .

Ty

v
A |

.~

&

fBaﬁan (liquid) o

cm

=1 .

pSE

w

I

P

4

CF

R ~
-

3$eBrk

t

-4

~

- ASsigpmeht:

;éu

vvw .

ATAYC

vs '

s '

W

‘m

VS

Vs

vs -

VW,

el

285
324

332
360.

530
. 538

548 -
585

741 '

745
© 749

- 774

1014
1632
11q2.5

1106

.. 1146 -

1111

e
-

423 . .

Q

266

324

254

. 338 -

}
4

- R

1

Vi1
\),Z .
. \)6

Vs



f

e 1 ; . Table 5. ;Cohtinued)

.o

.iIR(gas)/ - * Raman (liqu%d) :*

- I ‘ Cm’l : cemt pol. I ¢ Assignment.

R
o 1274 : a ;':‘;,z o ';vi-+ §4,= ;279‘;#b3_
1367 o R L, i'“’_ e e e st

1375 L 7 SRS

é;_ézis

1389..- S~ vy = 13910

<

<
I T

1445

AR . 1496 .0 {}”

1713 e =

+ ov..= 14417

g

+ v, = 15017

.g—.
<

+ vy =175

<
+
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- v _— 1853 . 1851

Cwooo 1920 - - e e v eyl = 1922
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Moleculé = CF.SeCN

3

o

- 63 -

-

=T

Number of normal modes of vibration

SymmetrYXSpeciés of the modes

Selection-rules (for forbidden vibrations)

Infrared = none;

‘o
a

Symmeﬁry type %

= 15

10a' + 5a".

Raman '= none

Calculated principal moments of iﬁertia\(cmrl)

A =0.0893,

B '= 0.0515,

. \
= 0:0394

C

Caléulated PR separations (cm_l) and agymmetry parameters

all = 11.5, -BL =

°

.Tabie 6. Fundamental

.

.modes of CF

3

s

- . and expected band contour types.-

8.8, ClL=17.3; k =-0.52, p' = 0.97

SeCN, their assignments,

o ' Species a'
) : P J/ (
Approximate s -1. Band . -1 Band
L description Vib. cm ©. type Vib. cm type
C=N stretch vy 2178 Bl cl
C-F asym. stretch TN, ' 1201 ABL ’vll 1197 cl’
C-F sym. stretch | vy 1103 AB|b ©
' L o E .
CFB sym. dgfo#ﬁ%qup . v4 747 _WABH
(N)C-se strg&éh = s Ve 543 :-ABl
‘CE3 asym. strﬁ_c—i;,tcho~ ; “gv 532 A%l v12 %-‘ ~Cl
RSe;C N bend V7 390 , AB|): vl3 354. Cl
(Fj)C-Se stretch Vg -315 BBl -

- , v i aB o -
§F3 rock Vg 273' aBl ”14 248 ~cl ..
C-Se-C bend -Vlo': 118 . aBl ot
CF, torsion Vis ? C+

|
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Table.7, «Infrared and Raman sp'ectra'of 'CF3SeCN

IR(gas). = °

&
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‘ Assignment

m 386
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354 . dp | ww
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Raman (liquid) = .

- ‘cnf,']:\ ‘pbi . I

J
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Table ‘7. .(Continued) ‘ i
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Flgure 4(b)

¢
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- the region 800

I . . A

. Expanded scale gas-phase infrared -
.spectra. of. some - important’ fundamentals
‘of CF3SeC1 CF3SeBr and CF3SeCN in

250 ¢m-L :
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‘and GF SeCN. seems to be polarised although theoreticellw

ratio cannot be determined accurately.

\ Sl . -687-

v

-t

'féF"B S The largest amount of splitting occurs for these I
',rocking mddes. In each case two bands appear . in the Ramkn

Spectra in this region. The higher wavenumber band is #
always definitely polarised and much stronger thnn the lower

wavenumber band. Thus the higher and lower wavenumber bands*

. are ascribed to the in- and out-of-plane rocking modes

;.respectively. The lower vavemmber- band for both CFaseCl

B
g

it .should be depolarised. Since it 1s weak the depolarisation
Dy LY

Af~.'“ : Coming to the skeleton vibrations, the medium

intensity bend appearing between 300 - 350 cm -1 is- assignedf

" -in, each case to: the (Fy)C-Se stretching mode. It shovs a
pqn structure {Figure 4(v)} only in the case. of CFaseCN with

l The predicted PR separatiOn of

-1

a FR separation of 10 cm’

T : (I
“aan ABII type- band is 10 Scm . The corresponding Raman

. at 367 ‘and 255 cm
Aand Se2Br (55), and no separation has boen obsenved between

band is’ alweys strong and strongly polarlsed confirming this
-1

;-

- assignment, --In CFBBr, va(e) is round at.aso cm =, The Se-Cl
‘g&% Se-Br stretching medes, have been assigned to the bands

-1 respectively in the molecules, Se2012
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symmetric and asymmetric stretchiﬁt modes. For our molecules,'

-1

~the bends nppearing at 429 and 332 .em appear to be suitable

C candidetes for the Se—Cl (vs) and Se—Br (v5)°%tretching modes

-
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3respectively. . The correspondingfﬂamdn band in both cases. 1s

separation_of‘

i 354 em -1 in the Ramah 9pectrum of CF

" lowest Raman bands at ‘129 and 118 em

,of high intensity and:polarised.. The :Se-Cl stretching mode
" shows a doublE: structure in the Raman with a doublet

which may be due to two isotqpes of

chlorine.

; " Aynsely et a1.554) have studied’ the infrared*and :

'

‘ Raman spectra of “CH, SeCN and assigned the three bands appear//

ing at 2152, 384 and 365 cul to C=N stretching, 5eC =,

" in-plane. (a' ) and out-of-plane (a") bending modes respectiVely, -
‘By analogy we have assigned the bands appearingA2178, 396 and

3SeCN to CEN. stretching, - -

in-plane and out-of—plane bending modes respectively. -The

-1 for. CF SeC1 %?d CF, SeCN

3

.respectively are of medium intensity and’ depolarised and .' -
'therefore theoretically should correspond to the torsional

mode, the skeletal bending, mode in CHsseCN is ass:igned to hthe
1

polarised medium intensity band at 168 cm It 1s expected o

'. at still lower - wavenumbers in our molecukés, since the methyl
'group has been replaced by the ‘heavier trifluoromethyl group,
f Thus it is more appropriate to assign -the lowest Raman_bands |

. v at 129 and 118 cm ; £6 the skeletal bending modeg,’va(a ). and

\X\-%-
10(& ), of CF SeCl. and CFSSeCN respectively. The ohly

‘difficulty with this assighment 1s. that the bands are depola-.

rised, whereas, theoretically they should: be polarised Similar
anomalous behaviour has been observed’earlier in the case of _

. . '
= o, [ Y
6™t -



I Y | and cL- type band envelopes.
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(CHa)ZSe(SG-) ‘and’ (CD,) Se(57), whefe the skeletal bending mods

il

has been experimentally found to be depolarised 'This-has'r

been explained there as follows.‘

va

The pdre deformation modes should theoreticelly gire rise to .

depolarisation ratios of slightly less than the maximum
«value of 6/7. Konigstein and Bernstein(ss) "have shown that

) : f depolandsation ratios of partly polarised 1ines may vary by

as much as 10 per ‘cent’ from the theoretical value, when

erfectSaof refractive éndex of the sample and intermolecular ‘

interactions ‘are ignored as An” the present case.f .

Thus a study of these compounds has more or less
H

«defined the regions for various vibrations of a CFase ‘group.

1.
S

5 1 3 Bistrifluoromethyl Selenide 3
; . roogk -

s : . S The molecule has been subjected to electron

' diffraction(47) and a Cy. symmetry proposed; The Reman

s

,Spectrum shows only four polarised bands. Also the\vibra-

tional spectra resemble those of its methyl and perdeutero-“

methyl az'lelogues(56 57)

T , of a C2v symmetry i Hence, a CZQ symmetry and zero angle of

’

’

which - have been anakysed on the basis

ﬁe
. twist for the CF *groups is assumed ?Figure 5 shows that the

vibrational modes of al, 1 -and b species should giVe BL,

2

» , \

“en,

When a single CFavgroup is bonded to an atom of S

_th-'.



"ltwo effects may become\observeble experimentally. First, the

| 108.6-and [CSeC = 97°, - v T e

“:vibrational modes of each CF3 group will interact with each

.-pendicular "to C- Se—C plane of symmetry. These will “be . referred .

',to as in-phase and out of—phase modes of vibration. The amount

< . .
i . . f PR
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Z71 -
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v a . i, ¢

atomic mass similar to that selenium (g’g. as 1n CF Br),

vibrational modes of two- sﬁecies a (Symmetric) and e (doubly i

‘ [‘degenerate asymmetric) are observed If’now a second CF3 :

group is attached to a. heavy centfal atom, as 1n (CFa)zse,

lower overall symmetry of the molecule should 1n principle :

t . Yy \ . .
s . . b, g . LT e

N ‘o 4 N v . B
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N h . . -

¥
- PO . ’ . , . ; N

Mo;gcu1ar parameters: C-F = 1,334, C-Se = 1,975; [FCF =

.'\"
"ﬁigure 5. Projection of (CF;) Se 1n.the.CQSe—C'p1ane,aiong' ,

N .* with the directions of inertial e;es.in‘this"piane. -
./.-.'. . N. ] . . -..' s e ‘ . ' '.. ) RN
o .h....\’-‘_; L g )
’ligt the degeneracy;of asymmetricomodes. Second,-simriar L 3\\

,other and in principle give rise to two moges one being

fj'Symmetric and other asymmetric with respect to the plane per-
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’bands being assigned to asymmetric and s

: intense infrared band at 1065 cm

. :’72. .

fof splitting between these in- and out-oprhase modes is

(57)

;'expected to be small as for. (CD )2Se . For CFaBr, two
bands are observed in the C-F - stretching region at approxi-

mately 1206 ‘and 1085 cm -1 the"higher and lower vavenumber'

3

Aetric stretching

modes reSpectively., Taking above-mention d arguments into Ry

~consideretion-one'should expect_fougaband . around- 1200 cm.lf

l'.

and tvo hands‘around 1085 cm'-rf-In fact nif five bands are:4
e inactivei while all

expected in the infrared as the a, modes.
-

the six bands should appear in’ the Raman.

!

Three intense bands appear in th inrraréd at

L

1193, » 1150 and 1065 en’ -k in ‘the ‘C-F stre ching region. The ;f

L1

bands at 1193. and > 1050 cm” snow a sub-band structure '

. {Figuré '8(a)} due to the overlapping of severa} bands. “The-
whicﬂPis depolarised in the .

-1

Raman is assigned to vla(bl) the out-of—phase C=F stretching
mode whereas the 1142 cm"1 inf‘.red bandg which is weaker than
“.the 1065 em™L band and polarised in the Raman is assigned to :
B the corrgsponding‘in-phase mode vz(al) The nearly degenerate
.‘gsymmecric C=~F stretching modes. of two!CFa groups will -interac¢t
',Awith each other to.give rise to four vibrational modes.‘-?he '
iin-phase modes will belong to symmetry species a1 and a2 andﬁ\E
’out-of—phase to symmetry species b1 and b . Out 'of these, the 2
"a 2 mode is inactive in. the infrared and the remaining modes al, ‘

-]

‘.

.
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©. 1142 and 1152 cn

]

mode vl(al) is expected to give

. number band at 1193 em™*.  vg(d, ‘

a . o N

« -

v Iz

bl a_nd‘b2 are expected.to gi,v'e BlL, All'and Ci type"ﬁ%,nd )

-1

- oontonrs:respectiveiy. " Since ‘Sstrong Q branch is obser'ved . R
at 1193 cm

'y it“tis assigne’d t vla(bz). The two .bands &t

-1 are: -too near to be of the same symmetry.‘,

Hence the 1152 cm"'l band 1s assigped vlz(bl). .The. remaining

il

'\--.

arbit.rarily assigned to the firs minimum .of highér wave- j

-1 seems too wea_k to appear,

in the Raman,_unless 1t is the 1

°
[}

g

Pl . N en

From considerations, similar to those given for N

' the C- F stretching region, the CF3 deformation region should

‘also contain six bands in_the- Raman and five in- the inf‘rared

spectrum.' ‘The ‘six vibrational w}a‘venumbers' shouid again nppear

-

1n two main groups. ~-One group of | tv}o bandS'at around 750 cm

-1

a,nd another of four bands araund 550 cn™~, assoclated with.

L symmetric and asymmetric deformation mode’s respectively. The

' two modes. generated by the interaction of symmetric deforma-

tions belong to the symmetry species al and bl and are .

expected to give ,,:pand contours of B.I. and All type respectivély.z ’

Only one strong band at 746 .cm -1 is observed in the symmetric

deformation region. The band shows a: good PQR structure

(_Figure 86a)} with a FR eeparation of 8.7 bm =3 which agrees T
1 o

-very weli with the predicted value -of 9.0 em for* an All

.-f type ‘ba,nd. ..,ﬂ_fhus this band i‘s assigned to v14(b1), ~the out- -of- °

e R I '
° . . N
a t' -

a B.Ltype band contour and 1is -

ised band.at-if?g em™ &,

-] -
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Molecule = (CF3)2 . - Symmetry type ="Cy, B
. )." . Number of genulne modes of v1brat10n =’2\l o :

- .

Symmetry spec:1es of the modes = 7a.1 + 4a2 + 6b1 + 4b2
. f' Selectlon ‘rules (for ~forb;|.dden v:.bratlons) '

. Infrared———a—z—,—ar 2,.‘1})1' . b2, 2 {(n = odd)- Raman = none
Calculated pr1nc1pal moments -0f inertia . {cm l)
A = 0NO637; . B =0.0300,, ‘¢ = 0.9260 )

, "C7_1culated PR separations ('cm-l) and as'ymmet"ry_paramete'rs -
A =9.0, BL =7.0, Cl=13.4; x.=-0.78, p' = 1.25
‘Table 8. f‘u'ndaméntal, modes.of (CF3)ZS , their assignments

- and expected band c':ontour_:‘ées .

Species _ a . a, bl 'b2 '
Mpproximate 4 T PR 4 PR o4 Y ¥R o4 T ER
‘description « : g5 . o

FEOTCY B Zp¥ B AR 2 B 8y ¢ B gy
C-F asym. str.'v; 1197 BlL vg 2 Vi 115,24 Al vig 1193 CL
. . . . e . 4 . £
. C-F sym. str. v,-1142 Bl : \‘1\)13 1065 all . :
. ‘ ' : ) ‘7"" ‘ .
. B F:F3 syfm. vy 497 BL ' ' vyg 746 all ‘
8§ $F 4 asyg.- vy 7538 Bl \)9'»§53.. V15 553 all Vig 535 CL -
7 ~ C-Se str. .’ - Vg 363 B.l. o \)16"340( All | |
. . .GF rock - Vg p278= BL Vig 258 vyg. 253 Al Vo 26'1'-.C‘.[_
-  C-Se-C bend vy 1097 BL - '
-CF5_ torsien” ' .o: \)J_i 2 —.‘;, ; L ovaj ? CL
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' '_-phase mode, while the intense Raman band at 749 .cm -1 since

‘_it is strongly polarised ghould be assigned to the corres- _
..-ponding in-phase mode va(al) Thus v14(b1) 1s too weak to .
appear in the Raman, while v (al) is too weak to/ appear in the
'-,infrared. n o, - ‘ ‘
- The four mode s generated by the interaction of *
- ,asymmetric dei‘ormations belong to the symmetry species a5y
- . - bl’ a, and Dge “Out. of these, the a2 modes will be inaetive
. ‘1 R in the infrared, while the remaining species are expected to .
',gi\?e Bl .y Allé’and Ci. type band envelopes respectively. 0nly o .
LR '__one band .13 observed in, tbe asymmtric defmormation region in. |
' ' : 1 The e

-'_\ I the. infrared and has an intense Q branch at 535 cm ‘
. ‘band shows a sub-band structure and is being overlapped on. the
' ’ ) higher wavenumber side by ‘a Bi type band contour. Thus the
first minimum ont the higher wavenumber side is assigned to SRR
i _:3', Lo w(ay), while the- Q branch at 535 cm ! is.aseribed to "19(b2)

The Raman band’ “at 538 em~t 1s 'Veak, broad and depolarised and

‘he‘n' .‘correSponds to vlg. The veak Raman band at 653 .cm- -1 has

" no infrared counterpart and thererore could ‘e assigned to

, NPT U s ' * .- ’

i "‘? ) ‘ 5 Four rocking modes in total are expected and belong
-

-

' £

v “a. RIS

t{symmetry species al, Jbl, ag ‘and 'n2 Out oi’ these, the a2 mo e
SO ' mode 1s inactive in the infrare'd. Thus, four ba.nds are -t

F . f . o ¢ , . E‘".
. o L W

Ty
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3 Se(CHa)(SG). ‘and Se(CD, )2(57’ T

- o - 4 ,- N
. . . . .
‘= 8l - ' '5 ’ . o n
LI - ‘ . .
.- B . . . .

expected in the. CF3 rocking region in the Raman while only ,
threo bands are expected- in the in,frared ..Only three bands )

. appear in the Raman at 278 (p, vs), 267 (? ?) and 258 (dp, - .

-1. respectively, \Jhile only two bands are found 'in tbe '

-1

w) cm

'infrared at 278 and 253 em . Assuming»tﬁat the change in )

' phase does not lead to any shift four bands in total are

observed. The highest Wavenumber band is unambiguously

assigned to v (al), while out of the two remaining Raman bands

one has to be assigned to the rockinga mode' ) o(az). Pending

‘some more information (1.e. the observstion of some more bands '

in the infrared etc\ ) it 1is not possib]e to make unambiguous

v
.assigmnents for the rocking modes, Thus the bands at 258, _
.267 and 253 cm’ A

-1 are tentatively assigned to the rocking

) modes - v 0(32)’ v 0(‘l:az) and v 7(b1) respect:l,vely. For, if :[

assigned this way, the assignments conform to the onder c{f*’

CH rocking modes (cf. al> b2> a2‘7 bl) observed in

"o )
H . -

Coming to “the vibrations of the C- Se-,g skeleton, the'

previous study of the compounds, i, e. CFaseCI, CFaseBr and

CFE

'3SeCN suggests that the C-Se stretching mode lies between

-1

’observed in the infrarsd ‘at 363 and 340 en” L, The Raman tand -
corresponding to the 363 cm =1 inrrared ‘band is of medium -
' Aintensity and polar‘ised. Therefore it is assigned to v, (al), '

L)

LA

/300 -+ 350 cm 1, In the presem‘. molecule two bands are’ . o,
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'com’pounds Se (CHS)E-(SS)eand Se (CD

o e U Ta
T T @

I‘ = - o . - » 'v ) . ‘ﬂ.
'Y - . w M . : ve

. while the band derresponding to 340 cm ; band is depolarised

and of weak' intensity "and thus assigned to the C-Se-C aSy-- '

, mmetric stretching mode,,vls(bl).‘ Earlier studies on similar

3)2(5?), show that the

\\symmetric C-Se stretching mode alweys lies at higher waﬁe-

: numbers than the symmetric mode The assignments are reverse

L
"in the present molecule. The reversal may be due to coupling

between the C-Se stretching and CF3 rocking modes in the t

' present molecule. For the molecules Se(CH )2 and Se(CD )2,

‘the lowest, depolariaed Raman band at 233 cm ? and 201 -cu”l

respectively has been- assigned to the C-Se-C bending mode .

Thusz the lowest bandiin<the Raha 10§ cmzl is essigned to

7(a1), the C-Se-C bending mode. The.band 13 sgain found to -
be depolerised although theoretically it should be polarised.

i

This discrepency has been explained onlpage.JCh -

' 5:1.4 Trifluoromethyl Methyl Selenide

b ~ ..

_\‘ T The molecule will have C symmetryh if a zero angle

~of twist is assumed for the CF3 and CH3 groups. ,Twentyone.'

normal modes of vibration are. expected oﬁt‘of which<thirteen'A

Q

‘are symmetric {a') to the plane of symmetry, while eight are .

;y.asymmetric (a“) ‘It is obvious from Figure 9 that A and ‘B

™

axes lie nhear to the CF3 and CH3 group respectively. Thus,
vibrational modes of the CF; group like symmetric stretchi and ¥
deformation should show AB I type band envelopes vhile the

. , .
» : . * * N 3 e



J

' corresponding vibrational modos .of the CH3 group should show =
_;,V ABL typo band enyelopes. Indeed the 1nrrared spectrum of %he
malecule tostifies to'this, prediction. ~ ’

. N

. The lowest band 1n the Raman at 148" en S8 (depolarised)
- 1 1suassigned to the skeletal bending node '13(‘ The wave-’

numher of this mode has 1ncreased compared to the skeletal

A}
. ot
L I ]
LN ¢ . s

~Molacular parametérs"' -F -_1 332 Se-C(F ) = 1 984 C-E'=
1,093, Se-C(H,) = 1.943; [C8eC = 97, [FCF.= 109,3 and l§9§
110 20, _ . : , : T
8 : SO - Co S

4’

. F,F o ‘ .
9. Projection of CF SeCH ‘in the plane of symmetry

'T* along with the d rect ons ‘of 1nert1a1 axes-in °)/j
this plane. - - , o

bendinszodékiﬁ.(CF 1239 because of the replaoeﬁeﬁt'of oﬁe
heavier CF3 group by Xhe lighter 033 group._ Next there are -

v two Reman bands at 302 (m, dp) and 289 (v, dp) and they should

be assigned ;o the two - rocking,mqqes.v12(a ) and.VIQ(qn) | -{t .

. respectIvely, The 1infrared spectrum in this region shows one ...

1



. . . . e “‘. L= ...‘,
medium 'intensi’ty‘ band at 302 em~ L, The band has PQR branches

{_Figure 8() } with PR separation of 10 cm l, yhich agrees’ - _.
well with the predicted value of 10.6 em -d for the ABII type .
‘fbend The other out-of-plane (a") rocking mode i3 too wedk

to be observed in -the infrared By comparison with other
molecules studied in the earlier sections, the C-5e.stretch-

i ing mode vll(a ) is assigned tb-the ‘band -at 340 em™L, The ‘
corresponding Raman band is‘polerised and strong as expected

The strong and strongly polarj.sed Raman band’ at 593 em -1 is

L ‘assigned to (H )C-Se stretching mode vg(a ). The Symmetric ’

and aﬁymmetric C-Se-~C stretohing modes are observed-in the'

. Raman spe‘ctrum of (CH3)236 .at 588 and 602 cm.,l respectively. |

r

The spectrum in the CF3 asymmetric deformaticz region

' .fis ‘exactly 'similar to that of’ CF38e01 end CF 4SeBr, 1.e.- con- -

_sisting of two overlapping bands. Thus, as before the mid-

' point of the" band on higherJavemumber side isiessigned to .,"':
, lo(a )y while the lower wavenu‘{nber maximum at’ 533 em -1 is
'assigned to the Q branch of vls(a ), expected to gl e a Ci '
‘type band contour.. The corresponding Raman b@é« is veak ‘and '

| -depoiarised confirming the assignment The CF‘3 symmetric ‘

deformation v (a ) 1s essigned to the band at. 740 el and. the

‘band shovs & .good PQR structure {Fignre 8(e)_} vitha PR -

-__soparation ‘of 12.2 em” , which grees with the. p;edicted

value ‘of 11.3 cm -1

~

‘expected of ABlI typo ‘band.  The corre"s-'.'"j'

£

Y |
.4



pq,nding Rams,n band is intense end strongly polarised. o

. both in infrared and Raman.\'rhe highest wavenumber band. is
.weak and depolarised in the Raman. The band is assigned to ¢

Coming to thé C-F stretching region t\ro main bardsj _'":_P
are observed., As for the single CFa group eontaining mole— "
gules @iscussed earlier (Sub-section 5. 1 2) the higher wave- .
nember band consists of two overlapping bands. The band is

quite broad on. the higher wavenumber side because tHe moments

. of 1nertia for this molecule are smaller and therefore PR o

separations larger ‘compared to other similar molecules (sub-

[

of the otherwise degenerate CF stretching mode. ‘The \mid-m

3.

poinb of the higher wavenumber band is assigned to the mode

5(a ), while the maximum at 1141 em™L Q branch.) represents
16"' ), the out=of-plane asymmetric C-F stretchin% mode. The

- lower wavenumber band unlike other similar molecules does not

show PQR structure but just a doublet, the Q branch 1s either

missing or possibly overlaps the R branch. Hov'rever‘, ‘the -

corresponding Rema.n band is polarised supporting its essign-»

"':ment to the symmetric stretching mode, vs(a ).

)

LY
b

- [}
rorward. Three bands appear in the. C—H stretching region .

a oomposite of C-H stretching modes v- (a ) .and v14(a ), BECHETRS
which are degenerate in =CH3Br. No splitting 1s” observed '

< The assignments of the CH\group are straight-

na

. section S.1. 2) The band is a composite of~ a' “+ a" modes, .
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. : Calculated prlnc1pal moments of 1nert1~a (cm l) ) R
A=0. 1236, B = 0.0582, - C'= 0.0505 T
- ,Cal,culated -PR separatlons ’(om l) and a‘symme‘try parameters
(Al = 12.5, "By = 9.7 , cl 18.7; « = -0.79, ot = 1.29
c o ' " e . 0 "
Table 1.:0 . Fundamental modes of: CF3SeCH3, the'ir assignments
- and expected band contour types; R
'.l Y N ) ' . -
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" edther in the infrared or in the Raman, The intermediate

¢
L)

; waverumber. band is i.ntense and polarised, 'l‘hus, it 1s ‘ '\t-“i'\.
assigngd to. the symmetric stretching mode v2(a ). The lowest .
wavenumber band 1is the first overtone of the asymmetric CH
deformation and 1s polar:!.sed. 'The triplet structure at

-1y assigne_d to the-asymmetric deformations, with

. 1438 cm’
'and a" compoﬁents strongly overlapped. The" first minimum

' bn the higher waventimber side 1s arbitrarily assigned to - ~'
vala! ), whi,}.e v15(a ) 1s represented by the Q branch maximum :

‘at 1438 oo™} -1

« The coé'esponding Raman band -at 1432 cm '
'is depolarised and of weak intensity.” The strong doublet , s
at " 1292 cm’l has ‘a charactéristic Bi type band envelop’e,’
because or the near proximity of the B axiﬁand is assigned
to Yl (a'), the symmetric GH deformation« mode.‘ The corres- .
ponding Raman band' atp 1292 cm :'L is- polarised confirming the :

. assignment. Tlie weak Raman band at. 911 em -1

is polai‘ilsed and
therefore assigned to the CH, rocking mode -v,, (a ). The - 6.'
infrared Spectrum in’ this regicn’ shows a. doublet stru‘cture, '
with a doublet aeparation of 5 em l_
component of this doub(let at 916 .cm

The lower wavem:mber o -

1, perhaps éorresponds to

the Q ‘branch of the in-plane rocking mode, v7(a' ), vhich is |
expected to give ABII . type band contour.. The hiéher wavenumber N

maximam at 921 cm’l is ascribed to the Q. branoh of the out-oi‘- s

plane mode , v17(a"), vhich is prected to show a Ol type band o
\/ oo
contour. o

B

2
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'.’,'. are symmetric to the 02 a,xis and hence belong tor symmetry o

S . .
f . Y

‘, Xl 5 BistrifluoromethyL diseiénmdée 5 e e

The molecular structure of this molecule in* vapor

' phase has been determined by electron diffraetion(49) and

o f‘ound to be consisteﬂt with a 02, model The mblecule has

twenty -four normal modes of vibration, out. of which thirteen

K]

B species 8y while eleven modee are’ antisymmetria and therefore ".

J

belong to the symmetry species b. A}l fundamentals and ov’er-
K to‘nes are expected to, Be active 1n both infrared ‘and Raman,
From Figure i0° ith is obvious -that.all a modes are eﬁeoted ‘Eo.
give B.L type band contours while b modes should give GACs .
h},‘*brid type band énvelopes. The molecule is made up of‘ tvo.
equivalent CFase groups bonded together thx“ough a Se-Se bond

Therefore the arguments of>» pege 71 will also applie here

e exceﬁt that much 1ess splitting 15 expected becquse 8f the - -

oo

{Figure 8(a)} are observed in the ¢-F stretching region.  For

f kY
\ \ .

insulatin ‘e“i‘fect”of the SE-Se bond. .

) e o
0.,
® .D I

JJlfwo strong bends, eech with a sub-bend strugture

e e,

g i,

the lower wavenumber behd the maximum at 111§ cm -1y, assigned-
tov 3(3), the: in-phase symmetric -stretching mode,,while the E
out-of—phase mode, vm(b), is assigned t‘o .the maximum atc

1090 cm l The Raman bande corr’esponding to the in— and O“t"e

or-phase modes are. roupd tosbe po'larised and depolarised
5 -
respectively.- For the higher wavenumber band the maximim at
. - . ] J .. ] I -

'o‘ . . Q_,,')

3 -
2
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|
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a

' 1188 .em ]: is arbitrarily assigned to vl(a) and v14(b), the

generate GF‘:3 asymmetric stretching modes.’} The maximum at - -

1] . - . N .
. . ~ e . .
‘ "y - 93 =t
L ‘ . -, .
' : N ) ' toe .

‘tirst ‘set of in-~ and out-of—phase component of nearly de~ .

» .

. * . 1]
- \ - « . PR Y z,‘.‘,ll
. ‘ . . Al

¢ - i . . 0

~Molecular paf‘ameters. C-F = 1. 326 C- Sg = 2.018, Se-Se =

2.292 R FCSe =109, I, [C -Se-5¢ = ?8 and dihedral anglp

[} O ' ' N
8.5% . | , - ,.5 . S

& ' )

\ ! -

Figure10. Pr’ojeéfion of (CFase) in the blane perpendicular
’ to C, axis along with the directions of inertial
axes in this plane. . ] .
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v

-
-

Y.

1169 el 1s then gésigned to vy(a) and v,.(b), the other set

of in- and 6&%-01_’-pl_1ase modes. The assigmments for the _

-~

n¥gher wavemmber main band are tentative and caild be reversed.
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- DV.tth _the calculated value of 7.6 em”

. 8t 242 cm

mental PR separation of 6 ¢m

o d
’

S In the 1‘nfrared, only pne band at 741 ¢m -1 1s;\ '

observed in- the. CFq symmetrie deformation region. The experi-"

-1

does not show a good agrlmeo,t
1 N .

7owever, the ba

shows a’' PQR structure expected ot an ACL ‘ype band contour
Therefore, the band is assigned to- v17(b) the:

C_F‘3 deformation mode. The corresponding strong Ramari ‘pand

|
-1 i1s strongly: polarised and is thus assigne

' 4(e.) the in-phase mode. The finding (pagesr g0 and 117)that
for molecules containing .;gwo CFa -groups, the in-phase CFQ

aymmetric deformation modevis strong in the Raman whereas the
out-of-phase mode is strong in the infrared also supports this

assignment}' In total four asymmetric CF3\ deformation mode's -

')are expdcted, f.e. two 1n—phase and- two out—of—phase. Only

one band is observed in the asymmetric CFa,derormatIon region

- both in the 1.nfrared a.nd Raman., Thus, some of the modes are -

tow

3

-

~

either accidently degenerate or too weak to appear. . Since a )

near degeneracy is observed between in- and m{toof-phase

) symmetric CFa d.eformation modes, applying similar considera- 1
tions_to the asymmetric CF4 deformation: modes, the bands at. ( .

531h\em ' could be easily assigned to the riode s ve(a) and

L .Vlg(b) while the veak and depolaris,ed Raman band at 541 cm J{

. could be assigneg :to the'modes vg(a) and v18(‘p). The assign- .

L hents are tentative and could be easily revers‘ed. .
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. Molecule =
Caiculated

‘A= 0.0352,

o | DN
\.__4\f ~. 7 ' -
[ l.. . o .
R y - 9'5 - ‘
N . , -
s \ ) > . . It ’ ’
CFySe) ., I
(CFySe), LT :
principal moments of'inertia (en™ b

¥ . LA

= 0.0173, . .-lc_i?‘='fo_.015'8

PR separatlons (cm ) and asymmetry pafameters

CaLculated
\| = 7.0, BJ_ = 5.4., q = 10 4; ;&.= -o.f}g‘i, ,-,3# = ;:'12 -
'~ Table 12. Fundamental ‘modes of (CF3Se)2,” thelr aSSLgnments
L .. : H 5)‘\ °
©  and expected band contour typés.
- A - L «
! Species ... S a L ) b
Approximate *, - -1 -Band .. . -1 Bang.
| . description | Vib. 6cm - typei ~Vib. - cm ,typé
IR U w0 1188 BL vy, 1188 AC
... C-F stretch (' : ,J o : o ‘
~ | | o - DV 1169 - BL .\)1‘5’ 1169 .~_ACT
C-F-sYr_n. stretch™ -, =~ v3" 1115 -"BL V16, - 1090 - AC
CF.3 sym.. deformathrll . Vg o 742, "B_L' V¢, 741 - AC E
R , - vy .54l BL © vy 7 541 A€
. CF, asym. deformation ST
C - - Vg 531 BL Vig. 331 “AC
N - 7 - '
b C-se stretch" . ‘v, 2335 Bl v . 333 ac
,\;a? . o _ TTOTL 20,
L . o vg - 327 WL Vpy 3217 ‘AC
C_F3 rock . e i S C -
: B vg- 280 Bl ‘ Va3 287 - hACI ;
* Se-Se stretch . ' vy 245  BL - 1 @ :
. (F,)G-Se-Se bend ., . ac
CF, torsion .
Skeleton féarsion ‘ . e
. . \‘ g . \/
- {Q;( b . - n’a
.8

~)



* v ' . R o' .'
. - 4 - -
. . i - N - . -
. N . L. N
5 r 4 .
‘e D {f;? to . 5 i

'Tablé 13.- Inf}aréé and R;ﬁan spectra:6f (E%éséfz

..\ . e, - ‘_,~- -‘A . ."~.\ . ‘ “e v , .
k oo e R C e - ' o,
. . ~ IR(gas) " ‘\Réman (liguid)

-1 . —1. ‘ o S .
I..  cm'. cm - _pol. I ./ Assilgnment

LI . . N

.\ e ’ 3 ' 191a dp :,s nle,.Y23
: ' . SR o4k - I L R ‘
LT AP T T S [1f
- ‘287 , dp LA o . ?22

(-2
.

L g vy ,= 1028

LV

22

_+ vi§= 1976_

e

7

.-
. ¢
- - h B
t .)
- - &
- »
. .
r H
'] — 1t
< e
> . H i}
o . b LT g



ﬁi ‘Eg . § -q':__ e :ablgz;Bf' (C?nt%§9§§)
o « o ' T
.,r" o _ 'l o~ L L : - .
. . IR(!as) . Raman (}iquid) .

. ST vy :

+ I, - em ~ %%, . em, - pole.s 1.

[ I K% BN Ty _ ._"‘ \: N N L . ‘
y - 7 Assignment

.
[ s
- . .
-
'
@
rl
s
-

K’ -.}f~ VS .’;1;83 .11?4” "ab' W " A
L e i mane SR
AN W 1715 s

V16

*,
L3
g =%
N R - ‘»""

2y

i Y
.

vZ’,vlS

Va1 Vag

* Vg 1282

”‘  vT€f Ys;*'¥7195'

+ Qﬁ = 1729

;+°v17%\%834

\ + v..= 1857

.]_Z

+ v, = 1510;

7 .

+ v y=1929"

2v16= 2189'

+vy = 2205 .

16

2v, =°2230"

3

16 _
+ Vy=.2284

+ vq.= 2259

2.

-“Zvi ? ?376

="2338 -

o N .

Tas

+ -
T N )
i [ A . .
[V ;] . / - "
! ' : ) . .t
N - » ..: ‘i K
H L 0 ¢ - ° 1 w
. - .. -3 ' .
PR ¢ 2 . :- .
L3 .
o . i . - ,
\ M ¢ ' 1 - .dw
. ~ L4 N
\ [ ) s oo ﬂﬁ
B " o . L : -
* . - Lo

e I



Br-Se-So bend ing modes in SeQBr (59) have been

_~ass