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ABSTRACT 

The experimental vibrat ional  frequencies fo r  C(CN),,  from litera- 
ture were re-assigned with the  a id  of approximate force f i e l d  calcula- 
t ions.  Refined force f ie lds  were deduced on the  bas i s  of (I)  the  o r b  
ginal experimental assignment and (11) the present re-assignment. 

Calculated mean amplitudes of vibration and Bastiansen-Morho shrin- 
kage ef fec ts  strongly support the re-assignment (11) when comparing 
v i th  gas electron diffract ion results. 

INTRODUCTION 

The t e t rahedra l  model of C ( C N ) , +  i s  especial ly  w e l l  suited fo r  

combined vibrat ional  spectroscopic and electron d i f f rac t ion  s tudier .  
The symmetric s t ruc ture  of normal modes of vibration is 

2A + 2E + Fl + hF2 1 

375 
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376 W I N ,  KEDZIA, AND W I N  

Here t h e  t o t a l l y  synrmetric species  (A1) contains only t h e  s t r e t c h i n g  
modes and no bendings, Hence t h e  Bastiansen-Morino shrinkage e f f e c t s ,  
i n  addi t ion t o  the  mean amplitudes,1 may readi ly  be computed from a 

harmonic vibrat ion analysis.  In  t h e  'present work these quant i t ies  
have been calculated frau d i f f e r e n t  harmonic force f i e l d s  for t h e  

molecule. It w a s  found necessary t o  change t h e  experimental assignment 

of vibra t iona l  frequencies fram l i t e r a t u r e  i n  order  t o  o b t d n  r e s u l t s  
caupatible wi th  t h e  ava i lab le  e lec t ron  d i f f r a c t i o n  measurements. 

1 

SYMMETRY COORDINATES 

The rymmstry coordinates Were constructed as t h e  appropriate 
Linear cambinations of:  (Species A1) E N  and C-C s t re tch ings ,  (E) CCC 

and CCN benbings, (F1) CCN bendinga, and (F2) CZN and C-C s t r e t c h i n g s ,  
CCC and CCN bcndings, CCN are l i n e a r  bcndings, The bending coordinates 
(both l i n e a r  and nonlinear)  were sca led  with fac tors  of t h e  dimension 
of length i n  t h e  usual w a y ,  

APPROXIMATE FORCE FIELD 

I n  t h e  i n i t i a l  calculat ions t h e  force constant f(CIN) w a s  taken 
M 1 8 , ~  mdyne/h, which is suppored t o  be a r e l i a b l e  es t imate  guided by 
previous analyses of CH CN.2m3 For t h e  C4 framework t h e  following 
force COnStMtS were applied i n  t h e  appropriate par t  of t h e  F matrix;  
all valuer i n  mdyne/A: 

3 

(A1) 5.5 (El 0.490 (F2) 5.0 
0,214 0,459 

The bending aud i n t e r a c t i o n  force constants were t r a n s f e r r e d  fram CH,, 

~ a l c u l a t i o n r . ~  Apart fm t h i s  i n t e r a c t i o n  force constant a l l  t h e  
others  were neglected. F ina l ly  t h e  v d u  of 0,336 mwe/A w a s  adopted 
for  CCB linear bending8 i n  ill species  (E,'F1 w d  F2). The c a l c u l a t e d  
fmqwncier  with t h i s  approximate force f ie ld  are found i n  Table 1. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MOLECULAR VIBRATION ANALYSIS OF TETRACYAN0ME"E 377 

TABLE 1 

Calculated Vibrational Frequencies (an-') and Potent ia l  
E n e r a  Distribution 

Aaproximat c 

2282 

5 72 
E 7 39 

172 

A1 

606 
2292 
1227 
664 
207 

F1 

Refinements 

~~ 

2288 

562 
19 0 
115 

(271.6)d 
2270 
1061 

178 
156 

2288 

562 
573 
19 0 

(413.61d 
2270 
1061 

550 
178 

PED' 

(IIP 

9% 
9% 
91s, + 56s2 
56s2 + 2 1 5  

100s 

8?sl 

45s3 + 32s4 
81S2 + 35S3 

62S4 + 28S3 

100*FiiLik2/Xk; terms below 1 5  are  d t t e d .  The sequence oY symmctry 
coordinates is consistent wi th  t h e  description i n  text. 
Assignment fraa Heater e t  al. 
Present re-assignment . 

a 

5 
C 

a Unobserved frequencies i n  parentheses. 

REFINED MRCE FIELDS 

The following refinements vere ma& s t a r t i n g  frcm the i n i t i a l  
approximate force field. (I)  The rymmctrg force constant8 vere adjusted 
t o  fit accurately the  experimental assignment of  Hester a t  al.' 

The same type o t  calculation using a r a - a a s i m n t  o t  t he  expe rhen ta l  
Yrequancies produced with the d d  of the i n i t i a l l y  calculated frequan- 
cies. In both ca8es the  force constaut of the Fl species, for which the  

frequency is unobserved, VY taken a# t h e  avo- n l u e  o r  FZ2(B) mad 

Fk4(F2). The vibrat ional  frequencies rrcm buth refinement8 (I) aud (11) 
are given i n  Table 1. Table 2 8hcnr the symmetry rorce field correspon- 
ding t o  refinement ( I f ) ,  which is considered here a8 the  final result. 

(11) 
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378 CWIN, KEDZIA, AND WIN 

TABLE 2 
Symnetry Force Constants (mdyne/h) Corresponding t o  

Refinement (11) of Table 1 

(A1) 18.14 (E) 0.720 
-0.12 5132 0.121 0.187 

(F1) 0.156 (F2) 17.61 
-0.19 4.71 
0.12 0.40 0.531 
o.oi 0.02 -0.026 0.126 

The t e r n  of potent ia l  energy dis t r ibut ion from t h i s  f i n a l  force f i e l d  
ere included i n  T a b l e  1. 

W AMPLITUDES AND SHRINKAGE EFFECTS 

Table 3 shows the  calculated mean amplitudes and shrinkwe ef- 
fects  at 398 K, which is  the  reported nozzle temperature of t h e  

electron diffract ion experiment due t o  Oberhammar.6 On comparing the  
calculated resu l t s  corresponding t o  the assignments ( I )  and (11) (cf.  
Table 1) with the observed values many in te res t ing  de ta i l s  are found. 

As t o  the  mean amplitudes ( u  values i n  Table 3)  t he  value for  t h e  non- 
bonded CC distance (C...C) from (11) shows clear ly  better agreement . 
with the  electron d i f f rac t ion  value than (I). Moat of the  other  calcu- 
l a t ed  mean amplituder fran (I) and (11) tend t o  fall  on each s ide  of 
the  observed valuer, but r t i l l  so thrvt the  agreement is  best  f o r  (11) 
i n  most of t h e  Cases (N0m.N is an exception). For the  rhrinkage e f f ec t s  
the s i tua t ion  i r  more dramaticr The calculated valuer fran (I) a m  seen 
t o  d a ~ a t e  substant ia l ly  from the  observed values, w h i l e  those frm 
(11) dirplay a remarkably good agreementr In conclwion 
tha t  the  electron d i f f rac t ion  rasultr in t h i r  cmc rea l ly  are an 
ef f ic ien t  t o o l  t o  distinguish between t h e  two trends i n  the  Clsaign- 
ment of vibrat ional  frepuencier. - 

ges 

is believed 
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TABLE 3 
liean Amplitudes of Vibration (u, A )  and Bastiansen-Morino 

Shrinkace Effects  (6 ,  A )  a t  t h e  Absolute Temperature 398 K 

Distance Calculated 

(I) 
6 Observed 

0.035 

0.059 
0.156 

0.066 
0.158 
0.189 

0.010 

0.038 
0.044 

0.074 

0.034 

0.049 
Om 071 

0.05 3 
0.095 
0.143 

0.003 

0.011 

0.015 

0.027 
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