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The quartic force field of ammonia is computed using basis sets of spdf/spd and spdfg/spdf 
quality and an augmented coupled cluster method. After correcting for Fermi resonance, 
the computed fundamentals and ‘v4 overtones agree on average to better than 3 cm- ’ with 
the experimental ones except for y2. The discrepancy for v2 is principally due to higher-order 
anharmonicity effects. The computed wl, 03, and o4 confirm the recent experimental determi- 
nation by Lehmann and Coy but are associated with smaller error bars. The discrepancy be- 
tween the computed and experimental o2 is far outside the expected error range, which is 
also attributed to higher-order anharmonicity effects not accounted for in the experimental 
determination. Spectroscopic constants are predicted for a number of symmetric and asym- 
metric top isotopomers of NH,. 

I. INTRODUCTION 

The availability of anharmonic potential surfaces for 
small molecules is of great importance for more than one 
reason. First, they allow qualitative and quantitative in- 
sight into the spectroscopy of the molecules. Second, the 
computation of thermodynamic functions beyond the har- 
monic approximation, which is necessary for accurate re- 
sults at the high temperatures of interest in materials sci- 
ence, astrophysics, and combustion studies, presupposes 
the availability of anharmonic force fields.’ Third, dynam- 
ics studies require a good description of the force field over 
a fairly large region of the potential energy hypersurface. 

One molecule for which an anharmonic surface would 
be of high interest is NH3. Its overtone and combination 
bands in the visible region have been well known since the 
1930s2 As it is a major component of several planetary 
atmospheres, accurate knowledge of the rovibrational tran- 
sition energies enables determining the Boltzmann temper- 
ature of these atmospheres.3 Another application of aero- 
space interest would be the kinetics of the “thermal de- 
NOx” reaction4 in which the NOx emission of a jet engine 
is reduced by injection of NH3 into the exhaust. 

Experimental determination of its anharmonic force 
field meets, surprisingly, with considerable difficulties. 
First, there is the “umbrella inversion” barrier which is 
lower than 2000 cm-’ (Ref. 5) and leads to a sizable 
inversion splitting. Second, two significant Fermi reso- 
nances exist, between vI and 2v4 on the one hand, and v3 
and 2v4 on the other hand,6 where vl, v2, v3, and v4 rep- 
resent the totally symmetric stretch, the umbrella mode, 
the degenerate stretch, and the degenerate bend, respec- 
tively. Third, as vI and v3 are nearly equal, there exists 
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significant Darling-Dennison resonance,’ effectively turn- 
ing the overtone spectrum into that of three degenerate 
N-H “local stretches.“’ But, even if all these problems 
could be dealt with, the anharmonic force field is underde- 
termined for XY3 molecules;’ that is, the number of an- 
harmonic and rotation-vibration coupling constants adds 
up to far less than the number of symmetry-unique and 
nonvanishing internal coordinate force constants to be de- 
termined. 

Even the harmonic frequencies are not as well estab- 
lished as one would expect for a symmetric tetratomic. 
Lehmann and Coy (LC) (Refs. 10 and 11) showed re- 
cently, on the basis of extensive measurements on the over- 
tones, that accepted values’2”3 of ol, w3, and w4 were in 
error by as much as 30 cm-‘. It should be noted that the 
revised values of LC still carry error bars of - 10 cm-‘, 
and that they were unable to establish a revised We 

Ab inifio calculations offer a valid alternative here. 
Those available in the literature include the self-consistent 
field/double-zeta plus polarization ( SCF/DZP ) work of 
Gaw and Handy14 and of Handy et al. l5 and the 
MP4/6-3 1 G* calculation of Hargiss and Ermler.’ None of 
these calculations were performed at a sufficiently high 
level of theory to compete with the above experiments. 
(The dynamics of the inversion motion have additionally 
been studied with ab initio methods.16) 

In a recent study on water using basis sets of spdf 
quality and the quadratic configuration interaction” 
[QCISD(T)] method, Martin et al. ’ were able to compute 
an ab initio force field that was of comparable quality with 
the best available empirical force field.” In a subsequent 
study of NH, with similar theoretical methods, the same 
authors” reproduced the experimental fundamentals2’ to 
better than 5 cm-‘. Comparable theoretical methods with 
those used in the present paper reproduce the harmonic 
frequency of N2 to within 7 cm-1,21 and the Ai fundamen- 
tals of O3 to within 2 cm-’ (Ref. 22); if this can be 
achieved for multiply-bonded molecules, of which ozone 
additionally exhibits serious near-degeneracy effects, this 
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kind of agreement with experiment should a fortiori be 
possible for a singly-bonded species like NH3, for which 
the wave function is dominated by a single reference con- 
figuration. So obviously, a study of the ammonia force field 
with comparable or better basis sets and electron correla- 
tion methods might succeed where experiment fails. 

The purpose of the present paper is hence twofold (a) 
to obtain an accurate anharmonic force field for NH3 and 
its isotopomers; (b) to assess the validity of the latest set of 
harmonic frequencies. 

II. COMPUTATIONAL METHODS 

All ab initio calculations were carried out on the Cray 
Y-MP/864 of the NASA Ames Central Computing Facil- 
ity using the following programs: (a) the integral program 
SEWARD (Ref. 23); (b) the SCF and integral transforma- 
tion programs from the SWEDEN (Ref. 24) program sys- 
tem; (c) the vectorized closed-shell coupled cluster pro- 
gram from the TITAN package.*’ 

The CCSD (T) electron correlation method26 was used 
throughout. This is a coupled clusterz7 method with all 
single and double substitutions (CCSD) (Refs. 28, 29, and 
30) augmented by a quasiperturbative estimate of con- 
nected triple excitations26 which is correct to fourth order, 
but also includes important subclasses of diagrams at fifth 
and higher orders. Extensive comparisons3*‘32 have shown 
that, for a molecule without significant nondynamical cor- 
relation effects like NH,, this method is very close to an 
exact n-particle treatment within a given finite basis set. 
All energies were converged to lo-‘* Eh or better (which 
is essentially machine precision) to reduce noise in the 
subsequent fit. 

Two basis sets were considered, both of the “correla- 
tion consistent”33 type. The first, denoted for correlation- 
consistent valence triple-zeta plus polarization (ccVTZP ) 
and used for the anharmonic force field calculations, is a 
general [4s3p2dlf/3s2pld] contraction of a (lOsSp2dlf/ 
5s2pld) primitive basis set. The second, denoted for 
correlation-consistent valence quadruple-zeta plus polar- 
ization (ccVQZP) and only considered for the harmonic 
frequencies, is a general [%4p3d2f lg/4s3p2dlf] contrac- 
tion of a ( 12s6p3d2f lg/6s3p2dlf > primitive set. 

The following symmetry-adapted internal coordinates 
are defined in terms of three bond distances rl, r2, and r3 
and three valence angles at, a2, and a3, 

rl+r2+q 
s,(Al)= fi , (1) 

al+a2+a3 
S*(AI)=- -\/j ---r (2) 

s3,m = 
2rl-rrz-r3 r2--r3 - 

& ~-~‘- 
&b(E)= G , (3) 

2al-a*-a3 
S4,(E> = ---$-; &,(E)=a2;a’, r ,(4) 

where the symmetry of the coordinate within the C3, point 
group has been indicated in parentheses. ~The nonzero, 

symmetry-unique cubic and quartic constants were then 
determined using the tables given in the work of Amat and 
Henry.34,35 Except for two symmetry-unique quartic force 
constants, the entire force field could be determined in 
terms of solely St, S2, S3,, and S,,, all of which preserve 
reflection symmetry in the plane defined by the C3 princi- 
pal axis and Ht. 240 symmetry-unique displacements are 
then necessary to compute all the nonvanishing symmetry- 
unique force constants using central difference formulas 
(with a step size of 0.01 A or radian). These were set up 
with respect to the equilibrium geometry (computed to six 
figures by repeated sequential univariate parabolic interpo- 
lation) and energies computed at each of the 241 points. 
(C, symmetry was used in all these calculations. Displace- 
ments were made in exact curvilinear coordinates.) Subse- 
quently, a quartic polynomial in St, S,, S,,, S4, was fitted 
to these 

V=& + C Fip+‘jj+ ,>%k Fi#T~k 
C-j 

+ ,>,Fk> I &jd&%?% . (5) 

(The fit was carried out using 128-bit precision to reduce 
numerical instability.) The resulting force constants in 
symmetry-internal coordinates, as well as their symmetry 
relationships, are given in Table I. The corresponding val- 
ues obtained using finite differences are also listed there. It 
is seen that these agree very well, except for a couple of the 
smaller quartic coupling constants for which spectroscopic 
analysis shows that they are not very important. (The stan- 
dard deviations on the tabulated parameters are < 10e7 for 
the quadratic force constants, on the order of 10B6 for the 
cubic force constants, < 10e4 for the Fiiii, on the order of 
3 X low4 for the Fiu and Fiiir, < 8 X lo-” for the FiGb-and 
finally 1.74X 10v3 for Fis&,& Again, these latter two types 
of constants are not very important in the spectroscopic 
analysis. The standard deviation of the fit was 1.27 
x lo-lo.) 

‘. This leaves us with only two more unique force con- 
stants to compute, namely F3a3a4b4b and F3a364a4b These 
were hence determined by finite difference, using the same 
step size as above. To check the numerical precision of our 
procedure, we additionally computed F3b364a4a which was 
equal to F3a3a4b4b to within better than 0.1%. (The value 
listed in Table 1 is actually the average of F3n3a464b and 
F 363b4a4c > 

The final symmetry-adapted internal coordinate force 
field was then transformed to normal coordinates. Spectro- 
scopic constants were obtained by second-order rovibra- 
tional perturbation theory36,37,38 using the SPECTRO pro- 
gram.3g 

The harmonic force field calculations with the 
CCVQZP basis involved 17 points, again generated from the 
nonzero symmetry-unique force constants by setting up 
finite difference formulas. The step size used here was only 
0.006 A or radian to reduce higher-order contamination. 
Again, the reference geometry was first determined to six 
figures by sequential univariate parabolic interpolation. 
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TABLE I. Fitted and finite-difference force constants for NH3 in symmetry-adapted internal coordinates. 
Units are al, A, and radian.’ 

Constant Fitted 
Finite 

difference % difference 

FII 
Fl2 
FZl 
h)e=F,b,b 
Fti=F,Mb 
FM = F4mb 
Fill 
F I12 
Fill 
F t3o;a=Fi3b36 
F wa=Fn&b 
F -F l4040- I4Mb 

411 
F 23a3.=&363b 
F -F Ikr)e- 23&b 
F -F 14,,4e- 14Mb 
F ,a,,,,.= -F,a,b,d3 
Fti,a+a= -F3e3~&= -F3b3t.i.o 

F,,,,do= -F,,ed2= -FIMM~ 
;;= -F4,,d3 

Ftl12 
F Ill?. 
F -F Ilk&a- ll3b36 
F m~=FImub 
F lma=Flwb 
F1222 

Flm,=Fmm 
F mdo=Fmtib 
F m&=Fn4b.+b 
F II.I.IO= -Fmb1d3 
Fl~,a,s,= -F,,b,,= -F13o3&2 

;I,,= -Fw,w= -F13~Mo/2 

IM.= -FwMd3 
Fllll 
Fm.,.=hb,b 
F 22304a=F223tib 
F T.X.A = Fnw 
F ~,a,.,.= - Fnmd3 
F2)03,,,e= -&b,Mo= -FmMd2 
Fz,ddo= -F23ewb= -%4Md2 

Fmwa = - FwMd3 
F3.3.3.3.,==3n3.3b3d2=F3b3b3b3b 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

F,.,olo)cr= Fm.ibtb 
F 3&,4Mb = F3b3w. 
F lolb4a4b 

F3a4a4040 

3.479 88 
0.523 15 
0.271 57 
3.535 32 

-0.200 45 
0.347 34 

-4.359 51 
-0.087 50 

0.037 58 
- 12.998 92 

0.245 14 
-0.174 32 
-0.026 16 

0.051 49 
0.180 61 

-0.270 31 
-3.075 15 
-0.187 42 

0.034 83 
-0.007 39 

3.459 54 
-0.164 32 

0.221 75 
21.411 26 

0.212 26 
-0.034 76 

0.12103 
- 0.294 95 
-0.135 31 

0.100 62 
10.184 52 
0.171 31 
0.023 98 
0.016 06 

-0.009 05 
-0.003 49 
-0.119 18 
-0.050 04 
-0.096 26 

0.108 68 
-0.008 45 
-0.080 07 

5.442 71 
0.109 88 

-0.079 48 

3.480 23 
0.523 75 
0.271 57 
3.535 86 

- 0.200 45 
0.347 34 

-4.358 85 
-0.087 49 

0.038 06 
- 12.996 88 

0.245 13 
-0.173 81 
-0.026 16 

0.051 50 
0.180 61 

-0.270 30 
-3.074 52 
-0.187 43 

0.034 9 1 
-0.007 39 

3.459 51 
-0.164 65 

0.221 83 
21.409 85 

0.212 29 
-0.034 67 

0.120 71 
-0.295 50 
-0.135 31 

0.100 07 
10.185 10 
0.172 24 
0.025 38 
0.016 47 

-0.009 03 
-0.004 16 
-0.119 25 
-0.050 09 
- 0.096 02 

0.108 65 
-0.008 08 
-0.079 91 

5.442 48 
0.109 93 

-0.080 27 
-0.197 81 

0.240 59 
-0.048 82 

0.008 29 

- 0.009 94 
o.ooo 19 
o.ooo 33 

-0.015 40 
0.000 76 

-O.OCO 23 
0.015 16 
0.005 95 

- 1.285 58 
0.015 66 
0.001 69 
0.293 07 
0.021 84 

-0.028 04 
0.002 09 
0.00179 
0.020 33 

-0.004 66 
-0.236 53 

0.014 92 
o.ow 66 

-0.203 81 
-0.034 85 

0.006 57 
-0.013 87 

0.260 40 
0.270 70 

-0.186 62 
-0.003 53 

0.545 42 
-0.005 63 
-0.543 31 
-5.826 88 
-2.591 55 

0.233 72 
- 19.336 38 
-0.056 79 
-0.097 96 

0.244 12 
0.028 36 
4.411 30 
0.192 49 
0.004 11 

-0.052 85 
-0.991 49 

. . . 

-0.048 76 
. . . 

-0.128 17 
- 1.577 75 F 404d& 0.008 16 

‘Fitted gradient terms are F,= 1.66x lo-’ aJ/& F,= -2.29~ lo-(’ al/radian, F3=9.1251 X 10-s a.I/A, 
F4= -2.325 x lo-” al/radian. 

III. RESULTS AND DISCUSSION 

A. Geometrv and harmonic frequencies 
creases the valence angle by about half a degree. These 
values are in very good agreement with the older geometry - 

The computed geometry and harmonic frequencies, as 
given in Hoy, Mills, and Strey ( HMS),13 and in somewhat 

well as the experimental values from various sources, are 
less good agreement with the more recent determination of 

displayed in Table II. Spirko and Kraemer.40 Note that in the latter paper, the 

With the ccVTZP basis set, the geometry seems to be three different fits attempted still vary substantially among 

reasonably well converged. Going to the ccVQZP basis each other. Because of the problematic nature of interpret- 
decreases the bond distance by only 0.0017 & and in- ing the spectra, a more accurate experimental equilibrium 
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TABLE II. Geometries and harmonic frequencies computed at different levels of theory and available 
experimental results. Uncertainties in parentheses where applicable. 

Level/Ref. 

CCSD ( T) /ccVTZP 
CCSD(T)/ccVQZP 
QCISD(T)/[5s4p2dlf,3s2p]+core 
MP4/6-31G** (Ref. 9) 
MP2/[8s6p3dlf,6s3p] (Ref. 15) 
CISD/TZZP (Ref. 52) 
CISDTQ/DZP (Ref. 53) 
Hoy et al. (Ref. 13) 
Duncan and Mills (Ref. 12) 
Coy and Lehmann (Ref. 11) 
Lehmann and Coy (Ref. 10) 

re 
1.0141 105.64 
1.0124 106.18 
1.0132 106.6 
1.035 105.9 

1.014 106.4 
1.0173 106.3 
1.025 107 
1.0116 106.7 

3471.9 
3480.5 
3486 
3546.2 
3520 
3526 
3528 
3503 
3504 
3485( 11) 
3478( 12) 

1109.2 
1084.1 
1075 
1140.8 
1035 
1102 
1121 
1030 
1022 

3597.5 1687.9 
3608.8 1679.6 
3616 1684 
3687.3 1733.19 
3670 1675 
3653 1713 
3676 1706 
3591.6 1689.9 
3577 1691 
3624( 12) 1678(6) 
3597( 8) 1684(S) 

geometry determination is not available; our computed 
ccVQZP geometry might be as close as any of the “exper- 
imental” values to the true one. 

The harmonic frequencies also seem to have converged 
fairly well, with the notable exception of the “umbrella 
mode” wa. Upon extending the basis set from ccVTZP to 
ccVQZP, the symmetric stretch w1 increases by 8.6 cm-‘, 
the asymmetric stretch o3 by 11.3 cm-‘, while the asym- 
metric bend wq decreases by 8.3 cm-‘. w2, on the other 
hand, drops by a more conspicuous 25.1 cm-‘. This is 
consistent with the expectation that the umbrella fre- 
quency would be the most difficult one to describe. There is 
quite substantial disagreement between the older harmonic 
frequencies of Duncan and Millsi and our best computed 
values. This sort of disagreement is definitely outside the 
probable error range of the calculations, considering that 
an even smaller basis set than the ones used here was ca- 
pable of reproducing the harmonic frequencies for H20 
and NH, to better than 5 cm-‘. The recent microwave 
optical double resonance determination of Lehmann and 
coy’oJl do not include data for w2, but significantly revise 
the other three harmonic frequencies. Both sets of data”“’ 
are still associated with error bars on the order of 10 cm-’ 
for one standard deviation. Our calculated values with 
both basis sets are comfortably within the error bars of Ref. 
10. The later determination” produces an w3 whose error 
bar no longer overlaps with that of the older one.” We are 
unable to decide between the two data sets on the basis of 
our computed value as it is situated at the high end of the 
error bar in Ref. 10. Summarizing, we can safely state that 
our computed harmonic frequencies are of comparable ac- 
curacy to the experimental ones, and that they support the 
measurements by Lehmann and Coy. 

The situation is somewhat different for the umbrella 
mode, w2- The experimental values are based on a “hypo- 
thetical inversionless fundamental”41 of 949.9 cm-‘, as 
there is substantial inversion splitting in w2. Our best com- 
puted w2, 1084 cm-‘, is still XI-60 cm-’ higher than the 
“accepted” experimental values. This is definitely much 
more than the residual error we expect in our calculations. 
As v2, its rotational fine structure, and inversion splitting 
were measured to an accuracy of 10B4 cm-‘,42 there is no 
reason to question the fundamental. On the other hand, we 

expect that further expansion of the one-particle basis set 
should lower w2 by 10-20 cm-’ at most. Even allowing 
5-10 cm-’ for core correlation (which will not be perfectly 
additive with the basis set extension anyway), this still 
leaves 20-30 cm-’ unaccounted for. However, the inver- 
sion barrier is only 1800-1900 cm-’ high,40 with the upper 
level of v2 being situated at about two-thirds of the well 
height. Under these circumstances, it is not difficult to 
imagine that higher than quartic anharmonicity (the high- 
est degree that was considered in Ref. 13) will have an 
unusually large effect, and that any correction for anhar- 
monicity which terminates at quartic constants will of ne- 
cessity underestimate w2. (Note that to arrive at 1% agree- 
ment with experiment for the barrier height, a polynomial 
expansion of degree 10 is necessary.43) 

Further support for our conclusion on the harmonic 
frequency is given by the fact that similar theoretical meth- 
ods as used in the present paper ,were able to reproduce the 
v2 out-of-plane fundamental of BH3 (Ref. 44) to within a 
couple of wave numbers.45 

Note that the large basis set MP2 calculationt5 predicts 
an w2 that is fairly close to the accepted “experimental” 
value, but this is probably fortuitous as the other harmonic 
frequencies differ by as much as 50 cm-‘. 

We finally have computed the harmonic frequencies at 
the same level as was used in the previous studies of H,O 
(Ref. 1) and NH2,1g which is QCISD(T) (Ref. 17) with a 
[5s4p2dlf,3s2p] basis set described in Ref. 19. Core corre- 
lation was included in this calculation. The calculated wl, 
w3, and w4 frequencies here are within the error bars of the 
Coy and Lehmann” data; the geometry is in excellent 
agreement with the experimental one of Duncan and 
Mills. I2 

B. Anharmonic force field 

The force field in simple internal coordinates s, to- 
gether with the appropriate symmetry relationships, is 
given in Table III. To eliminate some possible ambiguity, 
the force constants are “unrestricted” ones defined as in 
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TABLE III. Force field in simple internal coordinates and symmetry relationships. All units are attojoules, 
A, and radian. 

Designation Equivalences Calculated* HMS 

k 
flu 

2 

s: 

F’ 

fZ 

frfr 

fd. 

fd** 

k* 

k:: 

k 

kc 

2 

2; 

k7 0 

;;:: 

k+ 

f ml“?’ 

f .-dkP 

flfr. 

fdaa 

2;: 

k,P 

k; 

;;‘:: 

f a‘w’ 

kz 

f a&w“?’ 

f aa0’l7” 

f11=f22=f33 7.033 675 
flz=fl3=f23 -0.036 958 
f14=f25=fx 0.040 950 
fis=fi6=f24=f26=f34=f35 0.241 401 
fu=f55=fb5 0.644 165 
f45=f46=f56 -0.050 515 
flll=f222=f333 -45.097 02 
fll2=fl22=fin=fi33=f223=f233 -0.012 23 
fllr=f225=f336 -0.009 38 
f224=f334=flI5=f335=fll6=f226 0.013 63 
fl23 -0.067 45 
fl24=f,34=fl25=fl35=fl36=f236 0.095 7 
f234=fl35=fl26 -0.351 89 
flu=f255=fM 0.057 22 
fl45=f245=fl46=f346=f256=f356 0.097 36 
f244=f3U=fls=f355=fM=f266 -0.208 21 
fUS=f246=fl56 0.049 96 
f444=f55S=f666 -0.678 61 
f455=fUJ=fU6=f466=f556=fSM -0.018 13 
f456 0.257 76 
f1111=f2222=f3333 258.290 75 
flll2=flll3=f222l=f2223=f333l=f3332 -0.856 05 
flll4=f2225=f3336 0.214 71 
fll,J=f,,,6=f2224=f2226=f33Y=f,3,5 - 1.133 84 
f1122=f1133=f2233 -0.155 04 
f1123=f2213=f3312 -0.118 79 
f1124=fl134=f2215=f2235=f3316=f3326 -0.023 79 
f,l25=f1136=f2214=f2236=f3314=f3325 -0.033 8 
fll35=fil26=f2234=f2216=f3324=f33,5 0.00121 
fllU=f2255=f3366 -0.029 39* 
fll45=fll46=f2245=f2256=f3346=f3356 0.170 13* 
fll5J=fll66=f22U=f2266=f3344=f3355 -0.258 20* 
fll56=f2246=f3345 0.362 17* 
fl234=fl235=f,236 -0.094 42 
fl2U=fl255=fl344=fl366=f2355=f2366 0.048 58* 
fl246=f,256=fl345=fl356=f2345=f2346 0.057 63* 
fl245=fl346=f2356 0.046 54* 
fw=f2355=f3666 -0.059 75 
fl456=f2456=f3456 0.043 88 
fU,5=fU,6=f5524=f5526=f6634=f6635 0.051 11 
f4423=f5513=f6612 0.480 18* 
fUZJ=fU36=f5514=f5536=f6614=f6623 0.008 5 1 
fU35=fU26=f5516=f5534=f6624=f6615 0.137 04 
f4442=f4443=f5551=f5553=f6&51=f6662 0.397 56 
f4444=f5555=f6666 -0.807 91 
f44-,5=f44,6=f5554=fS556=f6664=f6665 -0.058 86 
f4455=f4466=f5566 0.321 33 
fU56=f5546=f6645 -0.108 4 

7.052 
0.015 
0.125 
0.302 
0.632 

-0.05 
-46.116 

265.697 

‘Constants marked with an asterisk display slight deviations from equivalence due to numerical inaccura- 
cies. 

ij i&k ij,k,l 

(6) 

The quadratic force constants can be compared with some 
literature values. They seem to agree reasonably well with 
HMS,13 except that our vl, 2r2 interaction constant is much 
smaller. As for the more recent work of Spirko and Krae- 
mer,$O there the bending constant f,,, for example, differed 
by as much as a factor of 2 between different fits. We 

believe that our computed potential surface should be use- 
ful to experimentalists. 

Note that by far the dominant anharmonic constants 
are f rrr and f rrm which explains why it was impossible to 
parametrize any other anharmonic force constants in the 
work of Kuchitsu and co-workers46 (quoted by HMS). 
Note also that because of slight numerical inaccuracies in 
the determination of some force constants involving S3n,b 
and S4+ the symmetry relationships given in Table III 
were only approximately satisfied (the differences arise in 
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TABLE IV. Computed spectroscopic constants (cm-‘) for 14NH3 compared with literature values. Values corrected for the (v1,2v4) and (~s,Zv,) Fermi 
resonances are given in parentheses. 

ccVTZP CCVQZP Reference 14 Reference 15 Reference 9 Reference 13 Experimental 

@I 
02 

03 

*4 

Vl 

v2 

v3 

Z4(Z=0, 

2v4(Z=2) 
XII 
x12 

x13 

x14 

x22 

x23 

x24 

x33 

x34 

x44 

(733 
G 
GE 
R34 

KM4 

K344 

4 

ct. 

aB1 

aB2 

a83 

aB4 

fkl 

ac2 

a0 

%4 

93 

94 
103DJ 
103DJK 
103DK 
106HJ 
106HJK 
106HKJ 
lO”H, 
106h3 

3471.9 
1109.2 
3597.5 
1687.9 

3327.0(3335.7) 
1037.3 

3421.0(3425.0) 
1638.5( 1637.3) 
3234.8(3226.1) 
3264.9(3256.4) 

-27.02 
13.83 

- 101.33 
3.52( -24.23) 

-44.12 
17.93 

-8.49 
-45.15 

-13.81(-23.02) 
- 13.55( -4.32) 

14.48 
-3.17(4.90) 

7.51( 1.74) 
33.97 
63.88 

-73.01 
9.866 26 
6.405 26 
0.154 00 
0.115 57 
0.181 11 

-0.214 17 
0.043 83 
0.050 04 
0.014 42 
0.072 7 1 
0.001 81 
0.295 89 
0.705 37 

- 1.222 19 
0.693- 12 
0.158 99 

-0.542 23 
0.632 43 

-0.233 97 
-0.005 03 

3480.8 
1084.1 
3608.8 
1679.6 

3330.2(3337.4) 
1011.8 

3432.1(3435.1) 
1630.2( 1629.03) 
3224.0(3216.8) 
3249.3(3241.7) 

-26.94 
13.09 

- 100.93 
-2.32( -24.23) 

-44.63 
18.94 

- 8.50 
-45.11 

- 14.80( -22.97) 
- 11.84( -4.32) 

14.41 
-2.16(4X8) 

6.32( 1.75) 
34.02 
63.88 

-73.01 

3706.3 . . . 3546.1 
1187.8 . . . .1140.8 
3851.2 . . . 3687.2 
1841.3 . . . 1733.1 

. . . or124 3498.1 

. . . ~~-98 1064.2 
. . . w3-155 3405.0 
. . . w,-47 1681.3 

3503 
1030 
3591.6 
1689.9 

-23.2 -23.25 
11.3 11.5 

-92.3 -91.45 
118.1 8.66 

-54.3 -56.27 
15.8 19.01 

-11.2 - 10.44 
-41.4 -40.64 
- 14.2 -11.14 
-42.3 - 14.39 

14.6 13.82 
- 8.2 -3.98 
34.3 7.98 

34.703 

-28.61 -29.81 
16.99 8.86 

- 107.04 - 114.96 
14.59 24.48 

-47.52 -41.77 
18.68 17.06 

-7.15 35.66 
-48.36 - 52.25 
- 15.26 --21/M 
- 16.43 -26.16 

15.36 14.509 
-3.71 -6.87 

9.79 13.24 

78.33 121.9 
-65.73 -70.8 

0.154 84 0.127 0.129 0.1557 0.201 
0.103 84 0.11 0.087 0.1113 0.089 
0.183 54 0.16 0.156 0.1624 0.218 

-0.211 73 -0.239 -0.228 -0.2383 -0.137 
0.042 42 0.044 0.046 0.0449 0.023 
0.054 05 0.062 0.065 0.0509 0.037 
0.012 68 0.015 0.017 0.0697 -0.005 
0.072 62 0.064 0.07 -0.0086 -0.003 
0.002 16 -0.119 -0.003 0.0355 -0.026 
0.289 79 0.3363 0.283 0.2255 0.255 

3484.6 f 1 1.2,b 3478.3 * 12.0’ 

3623.7* 11.9,b 3597.Oh7.6’ 
1677.8*5.9,b 1683.52A7.7’ 

3336.6e 
932.4(+),d 968.1(-)d 

3443X= 
1626.1” 
3216.9’ 
3241.0e 

-25.83,b -24.73’ 
20.5aa 

-92,= -92.96,b -98.56’ 
-66.7: - 14.64+4.6,b -9.72h5.7’ 

32.36” 
- 1o.74a 

-18.50: -44.18,b -336.96’ 
- 17.25; 3.94*6.6,b - 17.87*4.5= 

-8.80,’ -8.89*l.l,b -10.74*1.1= 
12.26b 
3.94b 

2.65; 3.10b 

50.05*5.8,b 49.54*6X= 
-36.83*8.3,b -41.80*11.6c 

B,=9.946 637 32d 
Ce=6.228 357 32d 

o.135a 
o.0158 
0.176’ 

-0.23’ 
0.078” 
0.098= 

-o.009a 
0.066” 

0.848 959d 
- 1.576 187 Sd 

1.010 7d 
0.256 385 4d 

-0.918 443 Id 
1.127 866d 

-0.2d 
. . . 

aReferences 13 and 46. 
bReference 11. 
‘Reference 10. 
dReference 48. 
eReference 47. The values quoted are averages of the inversion doublet. 

the fifth or sixth decimal places). For the constants 
marked with an asterisk, the value given is the average over 
all the “equivalent” constants. 

Our anharmonic vibrational constants, as well as those 
obtained from other sources, are listed in Table IV. For the 
stretches and bend, our computed fundamentals agree with 
the observed ones as well as one can expect given the Fermi 
resonance problems; Y, is predicted 5.9 cm-’ too low, v3 
11.5 cm-’ too low, and lr4 4.1 cm-’ too high. 

Using the CCVQZP harmonic frequencies in the 

ccVTZP spectroscopic analysis changes the computed an- 
harmonicity constants somewhat. Notably the anharmonic 
correction for y1 is affected (principally due to Xi, and 
especially Xt4, which seems to be very sensitive and even 
changes sign); however, this is an artifact of the Fermi 
resonance and disappears after correcting for that. 

One option would be to account for both the Y,, 2~~ 
and. v3, S4 resonances. (Picking any one of the two makes 
the agreement with experiment worse rather than better.) 
Deleting the “near-singular” terms arising from these af- 
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TABLE V. Predicted spectroscopic constants (cm -‘) for asymmetric top isotopomers of NH,. 

“NH,D “NHD, “NH,D “NHD2 

8367 

01 
w2 
03 
04 

0s 

*b 

VI 

v2 

“3 

v4 

v5 

vb 

Xl1 

Xl2 

Xl3 

Xl4 

Xl5 

xtb 

X22 

x23 

x24 

x25 

x2b 

Xl3 

X34 

X33 

X36 

X44 

X’S 

X46 

X55 

X56 

XC4 

4 

4 

c, 

aAl 

aA2 

043 

aA4 

aA5 

OAb 

aBl 

aB2 

083 

aB4 

a35 

f-c96 

aa 

UC2 

Qa 

ac4 

a0 

Qc% 
103AJ 
103AK 
1 03A,K 
lo%, 
1 O%# 
lob@, 
lO%K 
1 O%,K 
lo%, 
10bd, 
lOV,fz 
10% 

3597.0 3558.4 
3517.4 2645.1 
2587.7 2533.4 
1654.5 1509.0 
1440.4 1284.7 
1022.4 925.7 
3416.4 3384.3 
3350.6 2542.9 
249 1.8 2425.2 
1604.2 1469.5 
1402.8 1250.7 
961.6 877.7 

-45.21 -77.25 
- 151.24 - 10.42 

-9.80 -9.36 
-22.58 - 24.67 
-11.48 -9.02 

14.82 14.34 
- 39.49 - 26.07 
- 14.57 -78.54 

-9.39 -11.22 
- 10.94 -11.87 

10.49 11.93 
-40.36 - 20.02 

-5.91 -7.69 
- 15.18 -46.77 

15.16 5.99 
- 10.99 - 8.07 

-8.89 - 1.55 
- 10.03 -1.63 

-4.21 5.00 
- 11.73 - 18.83 
- 35.05 - 26.95 

9.574 52 7.353 27 
6.392 35 5.349 45 
4.805 04 3.830 50 

+0.186 32 +0.132 70 
+0.221 75 +0.137 89 
+0.076 06 +0.060 93 

0.026 75 0.023 79 
0.366 12 0.238 18 

+0.045 42 +0.021 51 
t-O.076 26 +0.050 90 
$0.048 86 +0.047 73 
t-O.11672 +0.071 72 

0.163 74 0.11000 
0.050 08 0.039 5 1 

+0.083 06 +0.063 40 
O.OCO 58 0.002 06 

+0.013 48 +0.010 71 
+ 0.034 84 i-O.029 92 

0.012 46 0.019 02 
+ 0.084 74 j-O.067 87 
+ 0.035 29 +0.026 29 

0.151 50 0.125 38 
0.187 56 0.618 68 
0.301 48 -0.180 76 
0.030 24 0.034 95 
0.428 75 0.109 30 
0.010 17 0.011 62 
0.372 48 0.158 99 
0.172 81 -0.024 03 

-0.385 39 -0.008 99 
0.002 78 0.004 83 
0.093 39 -0.003 87 
0.274 38 0.125 50 

3587.5 3550.8 
3512.1 2631.9 
2578.3 2527.2 
1651.5 1505.9 
1436.6 1280.7 
1016.1 919.0 
3408.3 3377.6 
3345.9 2531.2 
2483.3 2419.2 
1601.3 1466.6 
1399.3 1246.9 
955.9 871.5 

-44.75 -76.88 
- 150.71 -10.13 

-9.58 -9.34 
-22.38 -24.30 
- 11.21 -8.88 

14.55 13.90 
-39.40 -25.59 
- 14.22 -78.16 

-9.43 -11.01 
- 10.84 -11.51 

10.34 11.61 
-40.10 - 19.96 

-5.87 -7.64 
- 14.87 -47.16 

14.99 6.18 
- 10.91 -8.06 

-8.91 - 1.72 
- 10.16 - 1.65 

-4.26 5.12 
-11.83 - 18.84 
- 34.59 -26.56 

9.542 81 7.312 53 
6.368 17 5.336 13 
4.799 35 3.826 24 

+0.186 00 +0.131 93 
+0.221 29 +0.136 09 
+0.076 59 +0.063 10 

0.025 55 0.022 76 
0.364 03 0.236 52 

+ 0.039 84 +0.016 84 
+ 0.075 76 +0.051 36 
+0.049 61 +0.047 89 
+0.116 14 +0.070 69 

0.162 57 0.108 84 
0.049 79 0.039 49 

+0.080 82 +0.061 90 
0.000 42 o.Oil2 20 

+0.013 00 +0.011 11 
+0.034 49 +0.029 15 

0.010 70 0.017 88 
+o.oa2 99 +0.066 67 
+0.035 24 +0.026 37 

0.150 83 0.124 86 
0.184 86 0.619 27 
0.305 20 -0.179 a2 
0.030 16 0.034 93 
0.430 61 0.106 91 
0.010 11 0.011 56 
0.373 71 0.159 88 
0.173 85 -0.023 86 

-0.385 71 -0.008 44 
0.002 79 0.004 82 
0.093 a7 -0.004 03 
0.275 99 0.125 20 
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TABLE VI. Predicted spectroscopic constants (cm-‘) for symmetric top isotopomers of NH, and literature values for 14ND3. 

14NH3 “NH, 14ND3 Reference 50 ‘%D, 14NT3 

01 3471.9 3469.5 2481.5 
02 1109.2 1103.4 842.6 
03 3597.5 3588.0 2644.9 
04 1687.9 1684.7 1224.7 
VI 3327.0(3335.7) 3323.6(3332.1) 2424.8(2423.3) 
v2 1037.3 1032.0 802.7 
v3 3421.0(3425.0) 3412.8(3416.7) 2546.8(2548.1) 
v4 1638.5( 1637.3) 1635.4( 1634.3) il98.4( 1197.7) 
Xl’ - 27.02 --27.05 - 13.39 
x12 13.83 13.86 6.96 
x13 - 101.33 - 101.14 -51.95 
x14 3.52( -24.23) 2.37( -24.06) 18.54( - 13.23) 
x22 -44.12 -43.67 -25.41 
x23 17.93 17.62 11.24 
x24 -8.49 -8.57 -3.77 
x33 -45.15 -44.69 -26.12 
x34 -13.81(-23.02) - 13.65( -22.77) -8.43(-13.31) 
X44 - 13.55( -11.32) - 13.23( -4.34) -ll.la(-2.02) 
G33 14.48 14.26 9.05 
G34 -3.17(4.90) -3.11(4.90) -1.86(2.30) 
G4 7.51(1.74) 7.20( 1.70) 8.24(0.80) 
R34 33.97 33.88 17.65 
K ‘44 -73.01 72.78 -45.13 
K 344 63.88 --63.17 43.66 
aBI +0.154 oo +0.155 41 + 0.050 28 
a82 +0.115 57 +O.lll 26 +0.061 09 
aB3 +o.lal 11 +O.lSO 52 + 0.065 67 
a,94 0.214 17 0.213 00 0.081 59 
%I +0.043 a3 + 0.043 05 +0.019 67 
Q.2 +0.050 04 +0.050 01 +0.017 66 
a, +0.014 42 +0.014 33 +o.c05 78 
ac4 +0.072 71 +0.073 11 +0.023 49 
4 9.866 26 9.839 25 5.113 93 
G 6.405 26 6.405 26 3.205 09 
103A, 0.705 37 0.706 65 0.174 92 
103AJK - 1.222 19 - 1.227 07 -0.294 35 
103A, 0.693 12 0.696 73 0.163 57 
lO’H, 0.158 72 0.159 97 0.018 38 
106H,, -0.538 88 -0.542 84 -0.062 79 
106HKJ 0.624 73 0.628 58 0.073 a7 
106HK -0.229 21 -0.230 35 -0.027 53 
106h3 -0.005 00 -0.005 00 -o.coo 62 
93 0.001 al 0.007 58 o.mo 90 
94 0.295 89 0.108 22 0.294 95 

2495 
792.6 

2651.6 
1225 
2421 

748 
2564 
1191 

5.9 
-45.841~ 

17.1 
- 5?? 

-13.63 
-18 

+0.032 
+0.054 
+0.0650 

0.080 
+0.052 
+0.0288 

o.coo2 
+0.025 

B,=5.1426 
3.117 
0.195 

-0.366 
. . . 

2478.1 2049.2 
835.2 730.7 

2631.6 2241.8 
1221.0 1021.0 
2417.9(2418.3) 2070.9(2019.3) 

795.9 701.6 
2534.9(2536.2) 2169.4(2170.0) 
1194.9( 1194.2) X02.4( 1001.8) 
- 13.39 -9.00 

6.92 5.11 
-51.80 - 35.28 

14.93( - 13.07) 72.43 ( -9.42) 
--24.97 -19.15 

10.95 a.92 
-3.83 -2.31 

-25.64 - 19.92 
-8.20(-13.07) -6.84( - 10.02) 

- 10.26( -2.03) -22.53(-1.28) 
8.80 7.37 

- 1.83(2.34) - 1.32( 1.29) 
7.30(0.81) 20.75(0.51) 

17.56 12.18 
44.94 -34.16 

-42.98 35.62 
+0.050 60 +0.026 93 
+0.058 67 +o.o4199 
+0.065 58 +0.035 90 

0.080 a7 0.047 22 
+0.019 11 +0.013 02 
+0.017 69 +O.OO9 46 
+ 0.005 67 + 0.003 64 
+0.023 80 +0.011 57 

5.092 87 3.507 55 
3.205 09 2.140 34 
0.174 86 0.079 09 

-0.295 27 -0.130 15 
0.164 56 0.070 74 
0.018 51 0.005 34 

-0.063 18 -0.018 32 
0.074 20 0.021 76 

- 0.027 60 -0.008 21 
-0.000 62 -0.000 la 

0.006 54 0.008 50 
0.107 90 0.059 91 

fects only some of the anharmonic constants. The new 
values are given in parentheses in Table IV, along with the 
predicted Fermi resonance constants KIM and K34k The 
energies are then found by finding the eigenvalues of the 
matrix 

E(lO=oO) K,dfi 0 0 

KM.@ HO@%> 0 
0 0 J%@3cQ*,) K3;d’ (7) 

_ 0 0 K3dfi J%001*10). 

in which K144=4144/2 and K344=&4/2, where diik are 
(unrestricted) cubic force constants in normal coordi- 
nates.43 Using the computed Fermi resonance constants 
brings all the values in the right direction, and results, for 
our best force field, in computed fundamentals of 3337.4, 
3216.8, 3241.7, and 3435.1 cm-’ for the (lOOO), (0002,), 

(0002,,), and (0010) energy levels, respectively. Except 
for ‘v3, agreement with the experimental levels 3336.6, 
3216.9, 3241.0, and 3443.5 cm-‘, respectively,47 can safely 
be called “excellent.” From what was seen in Refs. 1 and 
19, it appears that a proper account for core correlation, 
which would slightly increase these frequencies, might ac- 
count for some of the remaining error in v3. On the other 
hand, a comparison of vibrational second-order perturba- 
tion theory with variational calculations for water showed 
that the former leads to errors of -4.3, + 1.3, and -4.5 
cm-’ on vl, v2, and v3, respectively, which is the same 
order of magnitude as the errors witnessed here. Using the 
QCISD(T)/[5s4p2dlf,3s2p] harmonic frequencies in the 
analysis instead leads to predicted band origins of 3347.1, 
3226.0, 3250.4, and 3449.2 cm-‘, respectively. The agree- 
ment with experiment is thus improved for y3, but vl, and 
especially the sensitive values of 2v4(Z=O) and 2v4(Z=2) 
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TABLE VII. Predicted harmonic frequencies and fundamentals for isotopomers of NH3 with the ccVQZP basis set, as well as “empirical” values of the 
harmonic frequencies and experimental fundamentals from the literature. 

“NH, “NH, “ND, “ND, “NT, 

ccVQZP 
WI 
o? 
*3 
*4 

“I 
v3 

Z’(kO) 
2v4(I=2) 
Spirko et al. (Ref. 5) 
01 
@2 

a3 

04 
Experiment 
VI 
v3 

Z’(kO, 
2v4(Z=2) 

3480.5 3478.2 2487.1 2483.7 2049.0 
1084.1 1078.4 823.7 816.5 706.5 
3608.8 3599.2 2654.1 2640.7 2234.1 
1679.6 1676.3 1219.1 1215.3 1012.8 
3337.1 3333.9 2422.0 2417.4 2010.5 
3434.4 3440.3 2563.1 2551.7 2166.5 
1629.0 1626.0 1192.0 1188.5 993.6 
3216.7 3211.6 2355.1 2349.4 1962.0 
3241.7 3236.4 2376.4 2369.3 1982.2 

3496.0 
. . . 

3589.7 
1681.57 

3494.3 

3580.0 
1676.26 

2490.9 2050.4 
. . . . . . 

2641.4 2240.4 
1220.6 1017.9 

3336.6' 
3443.8a 
1626.8b 
3216.9' 
3241.0= 

2420.3b 
2564.0b 
1 192.0b 
2359T 

ccVQZP “NH2D “NHD, ‘rNH2D “NHD, 
01 3608.3 3569.1 3598.7 3561.4 
02 3527.2 2654.3 3521.9 2640.9 
*3 2595.3 2539.9 2585.9 2533.7 
04 1647.2 1502.9 1644.2 1499.8 
0s 1432.1 1276.2 1428.4 1272.2 
06 999.6 905.8 993.5 899.2 
VI 3427.8 3395.0 3419.5 3388.3 
v2 3360.4 2552.1 3355.1 2540.1 
v3 2499.4 2431.7 2490.9 2425.7 
v4 1596.8 1463.4 1594.0 1460.5 
VS 1394.6 1242.2 1391.1 1238.4 
V6 938.9 857.8 933.3 851.7 

2014.1b 
21 84.4b 

996.3b 
. . . 
. . . 

‘Reference 47. 
bRefercnce 5 1. 
‘Reference 50. 

are adversely affected. This indicates that or and w4 are but again this is removed in the later paper by Handy 
overestimated at this level of theory. ef al. I5 

There is little more opportunity for comparison than 
with previous computed results. Gaw and Handy’s SCF/ 
DZP results are in fairly good agreement (given the low 
level of theory), except for anomalous values of Xt4, X,, 
GM, and G.++ These anomalies are not present in the later 
work of Handy et al. I5 at the same level of theory. Overall 
agreement with the MP4/6-31 G** force field of Hargiss 
and Ermler appears to be better, with the latter force field 
usually being somewhat on the high side. The few anhar- 
monicity constants that were determined experimentally in 
Lehmann and Coy” are in good agreement with our cal- 
culations, except for X1$. As for the old experimental re- 
sults by Kuchitsu and co-workers,M these sometimes agree 
well and sometimes do not, due to the approximations in- 
herent in the respective Hamiltonians. 

As for the rotation-vibration coupling constants, these 
agree rather well between our predictions and the previ- 
ously computed values. There is a strange discrepancy for 
the l-doubling constant q3 with the Gaw and Handy work, 

We now turn to the quartic and sextic centrifugal dis- 
tortion constants. Accurate experimental values for these 
and even higher centrifugal constants, but all in the vibra- 
tional ground state, are available from the work of Job 
et a1.48 All our computed constants have the same sign and 
comparable magnitudes as those in Ref. 48, but the values 
are distinctly underestimated for the quartic, and seriously 
so for the sextic centrifugal constants. As the force field 
should certainly be accurate enough for this purpose, and 
the experimental measurements are accurate, this may be 
due to two effects (a) imperfections in the second-order 
perturbation theory treatment; (b) strong vibrational- 
centrifugal coupling. This would result in the Do type val- 
ues differing substantially from the D, type values. Given 
the high degree of anharmonicity in the umbrella mode v2, 
this is quite possible. This analysis is further supported by 
the large changes that are seen between the (OO+OO) and 
(01 +OO) states in Ref. 48; as a matter of fact, roughly 
deducting half the change from the ground state values 
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brings them into rather good agreement with our com- 
puted values. Further support to this explanation is given 
by the constants for the (lOOO), (OOlO), and (ooO2) 
states47 as well as for s.ome combination bands.4g 

C. lsotopomers 

The singly and/or doubly deuterated isotopomers are 
asymmetric tops, and additionally the Fermi resonances 
are not as severe here. Hence our predictions for these 
might be more reliable. The predicted rotational and vibra- 
tional constants are listed in Table V. 

Additionally we have calculated spectroscopic con- 
stants for the symmetric top isotopomers 15NH3, 14NDs, 
and t5NDs, and 15NT,. These are listed in Table VI. (Note 
the severe v1 - 2v4 Fermi resonance in NT,, which results 
in a grossly exaggerated Xl4 unless it is corrected for.) 
Some experimental materia15’ for comparison, where avail- 
able, is also-given there; gross0 modo the same conclusions 
apply as for i4NH3. 

Furthermore, we have computed the harmonic fre- 
quencies for the various symmetric and asymmetric top 
isotopomers from the CCVQZP quadratic force field. These 
are listed in Table VII, together with some “empirical” 
harmonic frequencies for the symmetric top isotopomers 
found in the literature.5 There are some deviations between 
the computed and “empirical” values but, in the light of 
what has been seen above, we are tempted to consider our 
computed values as more reliable. 

Finally, the predicted fundamentals using the CCVTZP 
anharmonic and Fermi resonance constants and the 
CCVQZP harmonic frequencies are also given in Table VII, 
together with the available experimental data (see Ref. 51 
and references therein). As can be seen from comparing 
the results for 14NH3 with Table IV, transferring the an- 
harmonicities straight from the lower level instead of re- 
evaluating them using the CCVQZP harmonic frequencies 
does not have a very significant effect. Note that yl, v3, and 
v4 for 14ND3 are predicted in almost complete agreement 
with experiment, and that the value for 2~~ (flagged with a 
query in the original Ref. 50) is within an couple of wave 
numbers. This lends additional support as to the reliability 
of our computed force field. The limited available data for 
14NT3, on the other hand, are consistently slightly overes- 
timated. 

IV. CONCLUSIONS 

The quartic force field of ammonia has been computed 
ab initio using an augmented coupled cluster method and 
large basis sets. Our best force field consists of CCSD (T)/ 
CCVQZP harmonic frequencies and CCSD (T) /ccVTZP 
cubic and quartic anharmonicity constants. It is shown 
that any residual deviation from the experimental vl, y3, 
and 2v4 bands is due to the two coupled Fermi resonances 
( v1,2v4) and ( V3,2V4). Correction for these using the com- 
puted Fermi resonance constants brings the computed fun- 
damentals within 3 cm-’ .or better, on average, of experi- 

ment. This unequivocally confirms that our best computed 
harmonic frequencies are within 5 cm- ’ on average, of 
expenment. 

The harmonic frequencies disagree with the older val- 
ues, but confirm the more recent determination by Leh- 
mann and Coy. Anharmonic spectroscopic constants were 
also computed for a number of symmetric and asymmetric 
top isotopomers of NH,. 
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