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Tasre 1

Assignment of fundamental Raman frequencies {(¢m™') of sulphuryl fluoride

Frequency Intensity Assignhment PED
387 M vy {A,) SF, bending 97% S:: a
387 M vs (Ay) Torsional mode 94% S
538 M vg (B;) 50O, rocking 94% S,
544 S v1 (A)) SO, bending 100% §,
558 M vy (B() S-F, rocking 96% S
844 S(P) v; (Ay) S-F symmetric stretching 100% S,
887 Vs vg (B,) S-F asymmetric stretching 100% S
1271 'SP vy (A}) S-O symmetric stretching 100% §,
1‘504 Vs vy (B)) S-O asymmetric stretching 100% S

VS very strong. S - Strong, M — Medium, P - Polarized PED is the contribution of the /" symmetry
coordinate (S,) to the potential energy of the vibration whose frequency is »;.

Raman spectrum gives rise to nine fundamental modes of vibration. Added to this,
polarisation studies further confirm the assignment of the symmetric vibrations. The
observed frequencies and their assignments are given in Table 1. The frequencies of
all the sharp bands have an accuracy + 1 cm}.

FREQUENCY ASSIGNMENT

The appearance of four high frequency bands at 1504, 1271, 887 and 844cm-! sug-
gest the C,y molecular symmetry for this molecule. The high frequency fundamen-
tals (stretching modes) can be assigned on the basis of their relative intensity. The
polarised Raman line at 1271cm~! and 844cm-! can be rightly assigned to S-O sym-
metric stretching {(v, (A,)] and S-F Symmetric stretching [v, (4;)] respectively. Com-
paring the present spectrum with FSO,Cl'® S-O and S-F symmetric stretches agree
favourably with the present assignment {rqo = 1224cm! and vgp = 837cm! in
FSO, Cl]. For nonplanar molecules, one expects vg (B;) mode to be much more in--
tense than », (A4;). On this basis S-O symmetric stretching frequency 1504cm! is
assigned to v (By) while 1271cm™! is assigned to S-O symmetric stretching »; (4,).
In line with this observation S-F stretching frequencies 887cm-! and 844cm-! are
assigned to asymmetric stretching vy (B;) and symmetric stretching », (A4,)
respectively.

These assignments agree quite well with the S-F stretching assignment of SOF,.!!
However, the bending frequency bands are more difficult to assign as no definite
guidelines exist for intensity and relative magnitude of the frequencies. A medium-
intensity line observed at 387cm-! is assigned to torsional v5 ¢4,) mode which is in-
active in infrared. Further, it is known that »4 (4,) and »5 {A45) cannot differ by more
than 15 cm™. Since there is no line found nearby 387cm-!, we have assigned the same
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frequency to SF, bending mode », (4,). These assignments compare well with the
bending assignments of SSF,.!* The strong band at 544cm-! is assigned to SO, ben-
ding vibration »; (A,) by comparison with allied compounds 4!$ The remaining two
medium intensity bands viz., 538cm-! and 558cm-! are assigned to vy (rocking) and
v, (wagging) vibrations. These observations agree quite well with SeO,F, molecule
by Birchall et al.!6

To check whether the chosen set of vibrational frequencies contribute maximum
to the potential energy associated with normal coordinates of the molecule the potential
energy distribution has been calculated using the relation

P.E.D. = .F},‘ L,zk /)\k

NORMAL COORDINATE ANALYSIS

As a next step, the validity of the above assignment has to be confirmed through
a normal coordinate analysis. The normal co-ordinate analysis of sulphuryl fluoride
has been carried out by least square method following Wilson’s F-G matrix method
on the basis of C,, point group, using a modified set of symmetry co-ordinates.!’
A set of G.Q.V.F.F. potential constants are reported in Table I1. These constants
have been used to evaluate the vibrational mean amplitudes, Coriolis coupling con-
stants and centrifugal distortion constants. They are also presented in Tables II & I11.

The following observations are made from Table II.

The bond-bond interaction Force constant f;; and the bond angle interaction
constants fp,, fpg, fp, are negative for this molecule as expected. The force cons-
tant f; is greater than fj, suggesting that the S-Q bond is stronger than S-F bond.
The major stretching constants f, f, values agree with the earlier works.!8.19

From Table I1I, it may be seen that the mean amplitudes for the bonded as well
as the non-bonded distances obtained in the present investigation are in the
characteristic range for S-O and S-F vibrations. As expected /, , is greater than /g o
and lg r. The values of mean amplitudes evaluated in the present investigation con-
firms the correctness of our assignment, The present set of values will be useful in
the interpretation of electron diffraction data relating to this molecule.

As expected, the centrifugal distortion constant D, and R are negative for this
molelcule. ‘

The high zeta values {3, 17, 47, {38, and o, {fo, s, show that the coupling
between these vibrations are significant. The zeta values obey the following sum rules.

Y P =1G=1t4 j=809
W“J ’
Y @ =10G=11w04, j=67)
LJ

=1t84, j=7)

Y =14
LJ
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TABLE 11
Valence force constants, mean amplitides and cenirifugal distortion constants of sulphuryl fluoride

Valenice Force Vibrational mean amplitudes Centrifugal distor-
constants102 NM ! (pm) at 298.16 K tion constants (MHz)
Sa10.6912 JSaq 0.0813 1; (S-0) 3.2671 D, 0.1421
JSp 49213 Sop 0.5124 Ip (S-F) 4.1852 Dy 0.0967
£, 0.6521 fap 0.4611 [, (0..0) 6.2736 Dy -0.2173
£3 0.3176 £, 0.0217 I, (F..F) 6.0132 Rs 0.0367
£, 0.2251 Saa 0.5124 1, (O..F) 6.1217 R -0.0163
S45 0.5119 8 0.0051
fa 0.3132
S e ~0.8126
Spg -0.3164
Sp, -0.1527
TaBLE 111

Coriolis coupling constants'

th s o 51 51 1% &
% % ol 5% 171 % %
th % t % 'S 5% e
i ¢ 74 [ & % %

-0.2951 0.3610 0.6305 0.3578 0.6801 -0.2956 -0.3837
0.1330 0.7954 0.2930 0.7424 0.4242 0.4645 . ~0.8604
0.4852 0.2307 -0.3238 0.1940 -0.2707 0.2388 0.6563

~0.0023 0.3013 0.7111 0.5322 0.7572 -0.3796 -0.5514

TABLE IV

Heat content, free energy, entropy and heat capacity Cal/ mo[e/aeg of sulphuryl fluoride for the ideal
gaseous state at | atmospheric pressure

Hy-EY E%-E}

T = — s c

298.16 10.8137 56.2586 15.7230 67.0993
300 10.8440 56.3522 15.7774 67.1962
400 12.4077 59.6903 18.2794 72.0980
500 13.7705 62.5007 20.0641 76.2712
600 14,2680 65.2255 21.3435 79.4835
700 15.9176 67.6033 22,2718 83.5209
800 16.7568 69.7851 22.9564 86.5419
900 17.4755 71.8013 23.4704 89.2298
1000 18.0955 73.6754 23.8634 91.7709




Thus the evaluated mwlecular constants which are in the expected range confirm the
correctness of our assignment for this molecule. The thermodynamic functions of
sulphuryl flouride have been calculated for the ideal gaseous state at one atmospheric
pressure assuming a rigid rotor harmonic oscillator model and they are reported in
Table IV. The influence of spin contribution, anharmonicity and non-rigidity are
neglected. These constants are useful for the interpretation of the experimental results
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on thermodynamic properties.
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