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ABSTRACT. Using o most genoral quadratia potontial onorgy oxprossion the moleculo
NO:R, where R is eithor F or Cl, is subjocted tonormal coordinato troatment. Two sets of
thirteen force constants for cach moleculo have heon proposed, and the fundamental froquen-
cios have boeen calculated with the holp of Wilson’s F-(i matrix method, Tho calculated and
tho obsorved values of the frequoncies closely agros, Thormodynamic proportios for the fluo-
ride and thoe chloride have boon calculated for temporatures in tho range of 100-1000 °K.,

I. INTRODUCTION

The infrared and Raman spectra of nitryl fluoride are reported by Rolfe
and Woodward {1956) and that of nitryl chloride have heen studied by Ryason
and Wilson (1954). The latter authors have assigned the frequencies of the
chloride molecule. Assuming the valence force potential function Hariharan
(1958) has used the observed values of the frequencies and caleulated the foree
constants by using Wilson’s F-G matrix mwethod and assigned the fundamental
frequencies of both the molecules, His assighments differ from those of Ryason
and Wilson so far as frequencies 651 and 411 em~1 are concerned. Ryason and
Wilson have assigned 651 cm~! to class A; and 411 em-! to class B,, whcreas
Hariharan has reversed the assignments. Hariharan has neglected most of the
interaction force constants and his value for f, in the case of nitryl fluoride is
negative which cannot be justified.

With a view to checking the earlier assignments the authors, using a most
general quadratic potential energy expression, and assuming a planar configura-
tion for the molecules and the point group C,,, have carried out normal coordi-
nate treat- ment, according to Wilson’s #'—G matrix method.

II. NORMAL COORDINATE TREATMENT

The planar configuration of NO,R where R can be either F or Cl has a sym-
metry of Cy, point group (34,, 2B,, B,). The symbols used for the equilibrium
values of bond distances and interbond angles are shown in Fig. 1.
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The examples of possible types of potential constants arising out of various
types of interactions are given below.

Fig. 1.

fa = N-O stretching constant.

Ja = <O-N-O bending constant.

fs? = <R-N-O(1) and <R-N-O(2) angle angle interaction constant.
fa¢ = N-O(1) and N-O(2) bond bond interaction constant.

f'¢# = N-O(1) and <R-N-O(2) bond angle interaction constant.

The most general quadratic expression for potential energy is

2V = fp(ADP+fa{(Ad))*+(Ady)?} % o(Ac) -+ B35 {(AB, -+ (B By)? -+ 2fa"Ad, Ady+-
+2fpAD(Ad, +Ad,)+2df , *ADAx+-2df FAd(A By +ABs) +2dfs*(Ad, + Ady) A
+ 202 oP AQ(DS, +Afy)+ 202 g B AL ABy + 28 5P AD(AS+AB).

The symmetry coordinates for A, type of vibrations are :
R,= AD.
R, = 1/v/%(Ad,+Ad,).
Ry = 1/4/6(280—AB,—Afy).
R, = 1/4/3(Aa+-AB,+AB,) := 0 (Redundant).
For B, type :-
R; = 1/4/%(Ad,—Ad,).
R = 1/v/2(A8,—A8,).

For type B, (Out of plane)
R, = dAy.

The symmetry coordinates are normalized and orthogonal. From the
potential energy matrix i.e. ‘f’ matrix and the matrix formed by the coefficients
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contained in the symmetry coordinated the following ‘F’ matrix clements are
obtained.

The ‘F’ matrix elements are

For type A,

Fp= fD

Fyy = \/gfbd'

Fy3 = V/(2/3)d(fp"—fpP)-
Faa =fd+fdd-

Fyy = 1/4/3d(2fa"—faP — fa'F).
Fy3 = 1/3@*2fa+f5+fp? —4faF)-
For the type B,.
¥y = fa— /. dd-
Fip = d(ff —1d'P).
Fyp = d¥(fa—1P)-
For the type B,.
Fy =fy
Elements of G matrices* obtained with the help of Decius Tables (1948) aroc
as follows.
For the type A,.
Gy = py+g
Gyg = v2puy cos .

Gy = v/(2/3)auy { sin ﬂ—i;‘:%g (1—cos ) }

Gy = po+py(14-cos o)

Gy = py/v/3 [ ;1%‘,3 (a—b cos f)cos -+ (b—a cos B)(1+4cos a)—2a sin ]

G = 1/3[4a2{sy+ puy(1—co8 a)}+0%pp+ o+ y(a®+b*—2ab cos f)
By -+ (b —2a 008 Ay} +at(simAT—30)+y cos o)}
—4pgax—4{(a—a cos a—b cos f)az+(sin a sin f(I—a?)-}-x cos Blablpy].

For type B,.

Gy = po+py(l-cos a).
Gy = —(uy/sin f)(b—a cos f)(1—cos ).
Gy = (pp/sin® A)b%(1— cos &)+ puga? +(uy/fsin? f)(b—a cos B)*(1 —cos a).
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For type B,.
(D—d cos? f)

Gy = (1/2)pq cos® 4 py D*cost 8 +-pgd?| D2

In the above expressions
a=1/d, and b —=1/D
x == (cos f—cos a cos f)/sin a sin B,
y — (cos a—cos? fB)[sin? 4.
For calenlating the g matrix elements the values of bond distances, bond-
bond angles and the masses of different atoms are taken from Table T (1958).

TABLE 1
Bond distances, interbond angles, masses of different atoms, and moments of
inertia of nitryl fluoride and nitryl chloride

Bond distances

F-NO, Cl-No Mass of tho atom,
N-0 (d) 1.22A  LI6A my = 16.00 (a.w.u.)
N-R (1)) 1.60 A 1.98 A my = 14.008 (a.w.u.)

mgy = 35.457 (a.w.u.)

mgzp = 19.000 (a.w.u.)
Intorbond anglos Moments Of Inortia.
<O0-N-O () 150° 130° LY = 407369, 1} = 41.436, 1,7 85.173.
< R-N-O (B) 105° 115° 1,°1 = 110.212, 1,0 = 35.367, LC! = 145.579

Note :—Tho symmotry number for this form is 2.
Tho momonts of inertia are given in units of (a.w.a1.A2).

In thoe first calculations the force constants derived by Hariharan were used
in toto and interaction constants which he has ignored, were proposed by the
authors, keeping in view the proper order of the magnitude of such force constants.
After a few modifications the observed frequencies were reproduced by calculations
with an error within one per cent. The force constants finally proposed by the
authors are given in Table II. The six corresponding force constants derived
by Hariharan are given for comparison.

The observed and the calculated values of the in-plane fundamental vibrational
frequencies of both the molecules are given in Table I11.  The aggreement between
the observed and the calculated values is a check on the probable accuracy of the
force constants proposed.

III. THERMODYNAMIC PROPERTIES

The heat capacity C°p, heat content (Hy—E)/T free energy — (Fy—EJ9)/T
and entropy S$° at constaut pressure for both the molecules with a rigid rotator
and harmonic oscillator approximation for the ideal gaseous state at one atmos-
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pheric pressure were calculated for twelve temporatures in 100—1000°K range.
The results .are given in Tables IV and V.,

TABLE 11

Potential constants for nitry! fluoride and nitryl chloride

Pot. Constants Nitryl fluoride 4 Nitryl chloride
Authors Hariharan Authors Hariharan
fa 12.3 10.8! 10.25 9.48
B 3.3 3.51 4.19 419
fad 2.7 2.04 0.95 0.52
fpd L5 —| 1.0 L41
fp 110 113 0.59 0.62
fpd 0.48 — 0.30 -
£y 0.40 —_ 0.25 —
fph 0.30 — 0.20 —_—
fa 0.15 -0.13 0.356 0.36
8 0.12 — 0.10 —
£ 0.10 — 0.08 —_
£,8 0.06 — 0.02 —
faR 0.05 — 0.03 —

Note :—I3ond constunta and bond-bond interactions constants are givon in md/A, bond-
angle intoraction constunts in md/rad, and angle constunts and angle-angle
interaction constants are given in mdAfrad?.

TABLE 111

Observed and calculated values of the fundamental frequencies of nitryl
fluoride and nitryl chloride

Nitryl fluoride ‘ Nitryl Chloride
Typo Observod Calculated Observed caloulated
Ai(r1) 1312 1312 1293 1296
Ai(ra) 822 828 794 798
Ax(rs) 480 459 411 404
Bi(v4) 1793 : 1791 1685 . 1683

Bl(rg) 570 567 . 367 360




182 P. Q. Puranik and E. V. Rao

TABLE IV
Heat capacity, heat content, free energy and entropy for nitryl fluoride
Tomp. (K) Cp® (Ho-Eo0)[T —(Fo-Eo0)/T se
100 8.11 7.97 43.90 51.87
200 9.86 8.42 49.52 57.95
273 11.42 9.02 52.23 61.26
293 11.82 9.19 52.87 62.07
303 . 12.02 9.29 53.11 . 62.40
400 13.64 10.15 5.8 66.03
500 14.90 10.98 58.23 69.22
600 15.88 11.72 60.30 72.02
700 16.62 12.36 62.156 74.51
800 17.19 12.93 63.83 76.76
900 17.64 13.43 65.39 78.82
1000 17.98 13.87 66.83 80.70
TABLE V

Heat capacity, heat content, fiee energy and entropy for nitryl chloride

Temp (K) C’po (Ho—Eoo )T —(Fo—E0)/T So
100 8.44 8.04 45.88 53.91
200 10.74 : 8.80 51.85 60.45
273 12.26 ° 9.53 " 54.50 64.03
293 12.62 9.73 55.17 65.09
303 12.84 9.85 55.44 65.29
400 14.25 10.78 58.35 69.08
500 16.41 11.56 60.84 72.40
800 16.29 12.27 63.01 75.28
700 16.97 12.91 64.96 77.87
800 17.48 13.44 66.71 80.15
800 17.88 13.91 68.31 82.22

1000 18.20 14.33 69.80 84.13
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