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The force fi e ld of SiF4 has been dete rmined using both Corio li s coupling cons tants obta ined from 
an inves t ig~tio n of the band contour of Va at 195 oK a nd isotopic s hifts. The force fi e lds a re eq uall y 
we ll de termmed us mg bo th methods and a re in agree ment. 
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In determinin g the general vale nce force field for 
s ilicon te trafluoride from va rious sources of molecular 
info rm ation, McKean [IJ I noted a significant di screp­
a ncy in the range of values for the s tretch-be nd 
interac tion force co nstant c haracterized se parately 
by the isotopic frequency shift Llv4 and by the Corioli s 
cons ta nt ~. Since the estim ate of ~4 from the ba nd 
s hape of V4 contains a rela tively large uncertainty, 
as a consequence of an inability to locate precisely the 
P and R branch maxima, we examine in thi s communi­
cation the contour of the V 3 fund amental at 195 OK 
in order to obtain a reli able ze ta value for constraining 
the force fi e ld . In addition to confirming the potenti al 
fun c tion for S iF4 by comparing the force constants 
calcula ted from alternate methods, rota tion-vibra tion 
interaction data from the two F2 vibra tions provide 
furth er tes ts concerning the utility of the band contour 
method for estimating Coriolis para meter s. 

The contours for both infrared active fundam entals, 
V3 and V4, were recorded at 310 and 195 OK with a 
double beam gra ting spectrophotometer equipped with 
interfere nce filt ers to separate the orders . Spectral 
slit widths vari ed be tween 0.7 and 0.9 c m - I. For low 
temperature measure me nts, a 5-c m path length 
copper cell , surrounded by an evacuated glass shell , 
was in contac t with a solid CO2 and ace tone mixture . 

Fi gure 1 di splays a re presenta tive scan of the V:l 

co ntour a t 310 and 195 OK. A hot band at a pproxim ately 
1029 c m- I di s torts th e co ntour suffi c ientl y a t 310 OK to 
prec lude a va lid P- R meas ure me nt for use in the 
Co ri oli s consta nt de termin ation. Th e a tte nu ation of the 
int e ns it y of th e hot ba nd tra nsition at 195 OK, howeve r, 
reveals de finit e P, Q, and R bra nch fea tures. Add i­
tional abso rptions, a ttributed to the na turall y occurring 
iso topes of 2! 'S i and :JOS i, are also obs6.r ved. Th ese 

*National Ins t itu te of Arthri tis and Metabol ic Diseases. Na tiona l Inst itutes of Hea lth , 
Bet hesda, Md. 200 14. 

I f igures in brac ke ts ind icate the lite ra ture refere nces a l the e nd of thi s pape r. 

values, summarized in table 1, agree well with Heicklen 
and Kni ght 's frequencies obtain ed fro m iso topi cally 
e nriched co mpounds [21. 

For v :!, a n average value of 8.3 c m- t for LlV /' _1I was 
determined from twelve ex pa nd ed traces, reco rded a t 
severa l s pectral slit width s. Repea ted de termin ati ons 
of th e P a nd R branch max im a by a seco nd in ves ti ga tor 
s ugges ts a n un certainty in Llv/' .II of less th a n 0.5 c m- I . 

For th e V 4 vibration, it is more diffi cu lt to de te rmin e 
LlVI ' .1I owin g to the rela ti ve broadn ess of the P and R 
bra nch features. Meas ure me nts in a lO-c m path length 
cell at 310 OK, with va ryin g sample press ures a nd 
ins trum e nta l co nditions, give 23.4 ± 1.0 c m- I for 
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F IGU RE 1. The vibration·rotat ion band contour fo r the leI fu nda· 
mental of S iF.,. 

(a) 310 OK. (b) 195 OK. (c) 195 OK. T he freque ncies are labe led in em- I . 
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D.VI'_II, in agreement with Hei ckJ e n and Kni ght's single 
value of 23.1 cm- I . 

TABLE I. Observed data f or SiF, 
!lVI'_H re pre se nt s the ! ' - f( sf! parati o ll in t.: m I , Th t: frl'{IU f' IH.: i es a rc in c m - I: the ~ i are 

d i lnensi'l ll less. 

"3 
v, 

Frequen cy 
(em- I) 

1030.7 
1029.5 
1022.1 
101 3.5 

Observed 
freque nc y 

(em - I) 

1030.7 
389.4 

a 195 oK. 
h 310 oK. 

A ssignment 

'"SiF, 
hot band 

" 'SiF., 
:lIlSiL 

/::;"/,./1 Sum 
(e m- I) ~i I~ i rul e 

8.3 ± 0.5 a. e 0.53 ± 0.03 
23.4 ± 1.0 h - 0.07 ± 0.05 0.46 ± 0.06 0.50 

e The estimated uncertainty of 0.5 em - I represents twice the 
maximum deviation from the va lue obtained from averaging twelve 
traces of the spectrum . 

Edgell and Moynihan's expression (3) in terms of 
the rotational constant B and absolute temperature T, 
relates the Coriolis constant ~i to the measured 
D.vj' _11 values . Perturbations to the contour from the 
2!'Si and :loSi isotopes are ignored in this calculation. 
A summary of the calculated Coriolis constants 
appears in table 1. The zeta sum of 0.46 ± 0.06 for 
the two Coriolis values , compared to the theoretical 
sum of 0.50, supports the consistency of the data 
determined by the contour method. 

The Coriolis coefficients ~ and the isotopic frequency 
shifts D.v, respectively, provide force field information 
through analogous expressions ; namely 

and 

2D.v = L - ID.C(L - I)'. 
v 

(1) 

(2) 

L - I represents the normal coordinate vector matrix; 
C is a function of the atomic masses and the molecular 
geometry, and D.C re presents the change in the C 
matrix as a result of isotopic substitution. Since the 
L matrix relates the force field to the experimental 
parameters, figure 2 presents plots of the dependence 
of ~i and D.V4 upon the interaction force constant F34 
for the F2 symmetry species. 

The use of eq (2) with the L - I matrices for both 
the 2HS and 3°Si isotopes demonstrates the uncertainty 
in the force field fixed by a value for D.V4. The lower 
portion of figure 2 displays the relevant plots. The 
solid circles locate the experimental point for D.V4 of 
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FI GU RE 2. Plots of ~":l ' ~~" and /::;", (in cm- I ) as functions of F:" 
for the F2 symmetry species of SiF,. 

F.H is in millidynes per a n ~s lrom . 

3.0 ± 0.1 cm - I (1, 2), while the shaded areas represent 
the uncertainty in the experimental measurement. A 
vertical dotted line gives the average value for F34 
from the perturbation calculation. The solid circles 
and shaded areas in the upper portion of the figure 
represent the experimental Coriolis constants and 
their uncertainties, respectively. The vertical line 
originating from ~3 in the plot defines the preferred 
force field using the more certain Coriolis value. The 
L - I matrix for the 28Si species formed the basis for 
the Coriolis plot in the figure. Definitions for the 
symmetry coordinates , as well as the details of the 
vibrational calculation, appear in reference [4]. 
The force constants, constrained by (a) D.V4 , (b) ~3 
and ~-I ' and (c) ~;! alone appear in table 2. The disper­
sions in the F's are assumed to ari se from the un cer­
tainties in the experimental data alone; that is , the 
errors due to anharmonicity and the uncertainty in 

TABLE 2. SiF, force constants constrained by /::;." , ~:l and ~" and 
~3, respectively 

The unit s of F a re expressed in rnillid ynes pe r a ngstrom . 

Force /::;v, ~:l and ~, ~:l 
cons tant 

F3:l 6. 28 ± 0.22 6.21 ± 0. 31 6.40 ± 0.16 

F" - 0.23 ± 0.10 - 0. 20 ± 0.lS - 0. 28 ± 0.07 
F,., .44 ± 0.01 .45 ± 0.02 .44 ± O.OJ 
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th e normal coo rdinates are neglected. The very good 
agree me nt for the fo rce fi elds betwee n th e two types 
of co nstra ints confirms the potential fun c tion for S iF4 • 

A lth ough the freque ncy shift method re fl ec ts an 
optim isti c estimate of ± O.l c m- I uncertainty in th e 
~V4 meas urement (1, 2), the estimated dispersion s in 
th e c ruc ial interaction force co nstant F3•1 s ugges t that 
th e Corio li s and the isotopic shift co nstraints are 
about equally e ffective for this molecule. 
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Air Force Office of Scien tific Researc h, U.S . De part­
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