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The general fourth-order potential constants, f for hydrogen cyanide were determined by

a least-squares analysis applied to the observed values ofthe vibrational energies and the rotational

constants for six isotopic species, H12C14N, H13C14N, H12C15N, D12C14N, D13C14N, and D12C15N.

The normal frequencies, ωi, the cubic and quartic potential constants, kijk and kijkl, the anhar-

monicity constants, xij, the vibration-rotati0n interaction constants, αi, and the Coriolis coupling

constants, ζijx were calculated for the six isotopic species.

The determination of the intramolecular

potential function is one of the most important

problems in molecular spectrosocpy. Once this
'h
as been done, various properties of molecules can

be coordinated in a unified way upon this funda-

mental function. Suzuki, Pariseau, and Overend1)

determined the cubic and quartic potential con-

stants for hydrogen cyanide by means of a least-

squares fit to the observed values of the vibrationa]

energies, v, and the rotational constants, Bv,

in various vibrational states. Though they used

87 observed values for two isotopic species, H12C14N

and D12C14N, the final values of the nineteen para-

meters still have intensive mutual correlations.

Accordingly, a further refinement of the potential

function is very desirable if one wants to predict

various properties based on the potential function.

Since the observed values of v and Bv are available

for four other isotopic species, i. e., H13C14N,

H12C15N, D13C14N, and D12C15N, they are also

used in the least-squares analysis in the present

study; the number of the observed values has

increased to 124.

Another aim of the present study is to obtain the

vibrational and rotational parameters, such as

ωi, kijk, kijkl, xij, and αi and to predict the vibra-

tional energies, v, and the rotational constants,

Bv, in various vibrational states of the six isotopic

species. The uncertainties of these predicted

values are also estimated on the basis of the probable

errors of the potential constants, f, and their mutual

correlation. It should be noticed that the estimated

uncertainties of the calculated values will often

become unreasonably large unless the correlations

among the f constants are taken into account.

Determination of Anharmonic

Potential Constants

The method described in our previous paper2)

on the anharmonic potential constants of OCS
was applied to the present least-squares calculation
as follows.

Observables. The observed values of the
vibrational energies, v, and the rotational constants,
Bv-B0, for the six isotopic species used in the least-

squares fit are listed in Columns 2 and 6 of Table 1,
together with their references.3-10) The values
for higher vibrational levels with v1+1/2v2+v3>4

were not used in the analysis in order to avoid the
influence of higher-order terms and accidental

perturbations.
Parameters. The variable parameters to be

determined were the nineteen potential constants,

f, up to the fourth order in the expansion formula of:

1) I. Suzuki, M. A. Pariseau and J. Overend, J. 
Chem. Phys., 44, 3561 (1966). 

2) T. Nakagawa and Y. Morino, J. Mol. Spectry., 26, 
496 (1968).

3) A. G. Maki and L. R. Blaine, ibid., 12, 45 (1964). 
4) A. G. Maki, E. K. Plyler and R. Thibault, J. Opt. 

Soc. Am., 54, 869 (1964). 
5) D. H. Rank, G. Skorinko, D. P. Eastman and T. 

A. Wiggins, ibid., 50, 421 (1960). 
6) H. C. Allen, Jr., E. D. Tidwell and E. K. Plyler, 

J. Chem. Phys., 25, 302 (1956). 
7) A. E. Douglas and D. Sharma, ibid., 21, 448 

(1953). 
8) W. W. Brim, J. M. Hoffman, H. H. Nielsen and 

K. N. Rao, J. Opt. Soc. Am., 50,1208 (1960). 
9) C. A. Burrus and W. Gordy, Phys. Rev., 101, 599 

(1956). 
10) D. H. Rank, H. D. Rix and R. E. Kagarise, J. 

Chem. Phys., 20, 1437 (1952).
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TABLE 1. OBSERVED AND CALCULATED VALUES OF v AND Bv
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Table 1. (continued)

a) Statistical weights in the least-squares analysis, in cm2 units. 
b) Statistical weights in 104cm2 units. c) Maki et al., Ref. 3. 
d) Maki et al., Ref. 4. e) Rank et al., Ref. 5. 
f) Allen et al., Ref. 6. g) Douglas et al., Ref. 7. 
h) Brim et al., Ref. 8. i) Burrus et al., Ref. 9. 
j) Rank et al., Ref. 10. k) Only the Q branch has been observed.

TABLE 2. FOURTH-ORDER POTENTIAL CONSTANTS f OF HCN DETERMINED BY LEAST-SQUARES METHODS

a) Ref. 1. Table 3, Column (iii).
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(1)
where ΔR and Δr denote the stretching displacements

of the CN and CH bonds respectively, and Δα,

the bending displacement. The force constants

obtained by Suzuki, Pariseau, and Overend1)

were used as the initial values for the least-squares

refinement. No account was taken of the resonance

interactions, such as the Fermi resonance(ω1～2ω2

and ω3～2ω2) and a third-order anharmonic

resonance (3ω1～2ω3). The equilibrium bond

lengths were assumed to be Re(CN)=1.15313A

and re(CH)=1.06593 A, according to Rank,

Skorinko, Eastman, and Wiggins.4)

Statistical Weights. The weights of v and

Bv in the least-squares analysis were evaluated by

taking into account the uncertainties due to higher-

order terms as well as the experimental uncertainties,

according to the procedure suggested in our preced-

ing paper.2) The uncertainties of the former type

were estimated on the basis that σy2=0.20(cm-1)2

and σr2=0.08 ×(10-3cm-1)3 for HCN, and σy2=

0.15×(cm-1)2 and σr2=0.04 ×(10-3cm-1)2 for

DCN. In Columns 5 and 9 of Table 1 the weights

thus evaluated are shown in units of(cm-1)-2

and(10-3cm-1)-2 respectively.

The calculation was carried out by using the

computer program described in our preceding

paper2)on the HITAC 5020E computer at the

Computer Centre, The University of Tokyo.

The general fourth-order portential constants

determined are shown in Column 2 of Table 2,

while their correlation factors are given in Table

3. The potential constants obtained in the present

study are essentially the same as those obtained

by Suzuki, Pariseau, and Overend,1)but they are

more precise than the latter, as may clearly be seen

from the probable errors listed in Table 2. The

calculated values of v and Bv-B0 are tabulated in

Columns 3 and 7 of Table 1, and the deviations,

in Columns 4 and 8.

Potential Constants in the

Normal-Coordinate System and

the Vibrational and Rotational

Parameters

On the basis of the force constants,f, determined

above, the potential constants,ωi, kijk, and kijkl,

in the normal-coordinate representation were cal-

culated for the six isotopic species; the results are

shown in Table 4. These calculated values have

the advantage that the isotopic relations among

them are fully taken into account. The standard

errors for ω and k were evaluated according to Eq.

(20)of Ref.2, with account taken of the correla-

tions among the f constants. The ω and k constants

vary to a large extent for different isotopic species

as a result of the change in normal coordinates.

Table 5 shows the contributions of the f constants

to the k constants; the main term is underlined for

each k constant. One can see that the contribu-

lions of bond-sdretching f constants are predominant

in the cubic and quartic k constants, including

even those related to the bending vibration. The

contributions of the cross terms are much smaller

TABLE 4. POTENTIAL CONSTANTS IN THE NORMAL-COORDINATE SYSTEM (cm-1)

a) Standard error calculated by taking into account the correlations among the f constants according 
to Eq. (20) of Ref. 2.
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TABLE 5. CONTRIBUTIONS OF THE f CONSTANTS TO THE k CONSTANTS (cm-1) 

(a) Cubic constants of H12C14N

(b) Cubic constants of D12C14N

(c) Quartic constants of H12C14N
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TABLE 5. (Continued) 

(d) Quartic constants of D12C14N

TABLE 6. VIBRATIONAL AND ROTATIONAL ANHARMONIC TERMS (cm-1)

a) Calculated standard error. See Footnote a of Table 4. 

TABLE 7. CORIOLIS COUPLING CONSTANTS

a) Calculated standard error. 

TABLE 8. BOND-STRETCHING ANHARMONICITIES FOR 
HCN IN COMPARISON WITH THOSE FOR CN AND CH 

(in A-1)

than those of the prittcipal terms.

The vibratiollal anharmonicity constants, xtj,

and the vibration-rotation interaction constants,

αi, were also calculated. They are tabulated in

Table 6. The calculated values of the Coriolis

coupling constants, ζ12x and ζ233, are listed in

Table 7.

The l-type doubling constants and the centrifugal

distortion constants were also calculated, together

with their v- and,J-dependent terms. The cal-
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TABLE 9. RATIO of THE FERMI RESONANCE TERM |kstt/(ωS-2ωt)|

culated values of qv and Dv are in good agreement 

with the observed values, as will be reported else-

where.11) This agreement offers positive support 

for the anharmonic potential constants obtained 

from v and Bv in the present study.

Discussion 

The two parameters a3 and a4 which are defined 12) 

by:

(2)

and :

(3)

are convenient for expressing the bond-stretching

anharmonicity. Their values for HCN are com-

pared with those for CH and CN in Table 8.

The table suggests that the potential function for a

bond stretching in the HCN molecule is quite

similar to that in the corresponding diatomic

molecule, CH or CN.

As for the anharmonic resonance in HCIVT, an

accidental perturbation of the 3ω1-2ω2 type has

been pointed out by Douglas and Sharma.7) The

perturbation of this type was disregarded in the

present study without any serious effect on the

potential constants determined above.. This is

because the perturbation mentioned above is

significant only for highly-excited vibrational states,

such as(0004),(3002),(1004), and(4002), and the

weights of the observed values for these states were

zero or small in the least-squares analysis.

Nevertheless, a problem was found in the present

study concerning the Fermi resonance. In the

present calculation the k122 and k223 terms were

treated with a second-order perturbation theory

without any special consideration of the Fermi

resonances, ω1-2ω2 and ω3-2ω3. It was found,

however, that the k122 and k223 constants thus ob-

tained were not small enough compared with the

energy differences, ω1-2ω2 and ω3-2ω2 re-

spectively. Table 9 shows that the |kstt/(ωs-2ωt)|

ratios for the ω3-2ω2 resonance of HCN and the

ω1-2ω2 resonance of DCN are even larger than the

ratio, 0.231, for the well-known case of the ω1-2ω2

resonance for OCS.2) Rigorously speaking, these

Fermi resonances must be treated separately from

the usual perturbation calculation, as was done for

OCS. According to such a treatment, some

relations must be expected among the v and Bv

values; for instance:

(4)
and:

(5)
The observed values, however, do not satisfy these

relations. It seems likely that the discrepancies

suggest the importance of such higher-order effects

as the γ terms. In the present study no correc-

lions for the third-and higher-order perturbation

were taken into account;therefore, the exact

diagonalization of the Fermi resonance terms

remains to be done in the future.

11) T. Nakagawa and Y. Morino, J. Mol. Spectry., to 
be published. 

12) K. Kuchitsu and Y. Morino, This Bulletin, 38, 
805 (1965).


