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The hyperfine coupling constants (hfcc) Aiso and AiJ are 9alculated for the atoms ofNH2 in its, 
two lowest-lying electronk states at various molecular geometries by means of the ab initio 
multireference configuration interaction .method. The vibronically averaged values of the hfccs 
for the K = 0 and 1 Ievels in i 4N 1 H~ . in the energy range lJ.P to 20 000 cm ::_ 1 are computed. 
Polarization elfects which determine Aiso as weU as a simple m9rlel to describe the dipolar 
hfccs are discussed. All resrilts are in excellent agreement with experimental data. 

I. INTRODUCTION 

The amidogen radical NH2 probably represents . the 
most studied triatomic radical at the preserit time. The 
A 2A2-X

2B1 band spectrum has been the subject ofintense 
experimental' and theoretical2 investigations since it pro­
vides an excellent exarnple of the Renner-Teller etrece for 
polyatomic molecules, with both . participating electronic 
states correlating with the same 2llu species in the linear 
nuclear arrangement. Accordingly, ]arge effects related to 
the couplin~ of electronic (orbital) and vibrational angular 
momenta occur. 

Various molecular constants such as rotational con­
stants, centrifugal distortion constants, and spiil rotational 
constants were measured by Cook, Cu,rl, Hills, Brown, and 
co-workers4 using the microwave optical double resonance 
(MODR) techniques. Also the hyperfine coupling con­
stants (hfccs) composed of the isotropic part A 159 and the 
tensorial anisotropic part AiJ were studied for the lowest vi­
brational state of X 2B 1 and the vibrational states v2 = 4, 
K = 0 and K = 1 (vl' VJ = 0) ofthe exdted stateA 2A,. 

The hfccs ofthe groundstate X 2B1 have been the sub­
ject of several theoretical studies. 5 

. Although none of the 
calculations consider effects arising from the nuclear mo­
tion, a comparison with experimental results is possible be­
cause such effects are expected tobe small for the lowest 
vibrationallevel. Also, the perturbations due to the Renner­
Teller etrect are insignificantl for the lowest Ievel of the 
X 2 B 1 state. Deviations between experimental and theöreti­
cal data are found to be about 3-4 MHz. The hfcc of the 
isotopomers NHD and ND2 were also calculated and it 
could be shown that the ab initio methods are able to gener­
ate reliable values not only for the diagonal, but also for the 
off-diagonal elements of A iJ' 5 < n 

While the inftuence of the nuclear motion and the Ren­
ner-Teller effect are small for the lowest vibrationallevel of 
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X 2 B 1 this cannot be expected for higher vibrational Ievels, 
such.as v2 .=4, K=O, and K= 1 of the A 2A1 state. An 
indication for the size of the effects is givert by a calculation 
ofPöblchen e(a/.scel They calculated the hfccs at the equi­
libriuin g(:ometry ofA 2A1 and found differences up to 60% 
tothe experimeP,tal values. To dissolve the discrepancies be­
tween. theocy ancl experiment,. in the present study the hfccs 
.of both states, .are cal(!.ulated and the results of an averaging 
of the isotropic ~nd anisotropic. parts of'the hf operator over 
vibronic wave functi()ns are presented. Furthei:more, the in­
fluence of spin polarization etfects on Ai:iO is discussed for 
bothstat~. · · 

.II. TECHNICAL DE.YAILS 

. Theisotropic and anisotropic hfccs describe the interac­
tion between a nuclear spin I and the electronspin S. They 
are :determined by the net unpaired electron-spin density at 
the nucleus and the spatial distribution of the electron-spin 
density. The former represents a scalar and is defined for a 
nucleus c as 

. . 8 .· ,· . 1 . . . 
Pi:o =-:-vgNgßNße- (Wil: 8(rck)Szkl\ll), 
. 3 . . s k=l 

where ßN and g N are the · nuclear magneton and nuclear g 
factor, respectively. The term g is the g value for the elec­
trons in the free radical, while ß., is the Bohr magneton. In 
the present work, a value of 2.0 is used for g. The anisotropic 
part which is Ki.ven by the dipole-ct.ipole interaction between 
the rtuclear spin I and the electron spin S represents a tensor. 
Its C.artesian components are defined in a molecule-fixed 
coon,IJ.nate system as 

· ·· 1 (3fl- r
2

~··) .• tf ij = gNgeßNße S ('I'\ k~l -~ '-T ck 2szk 1'1'), 

with i,j = x,y,z; ck indicates that Aij is formulated with re­
spect to the ceJ:lter c. The anisotropic part is calculated with­
in the principal axis of the tensor of inertia to facilitate a 
comparison to experimental data. !I<O Because the bent NH2 

molecule posse5ses c2v symmetry' no off-diagonal electronic 
matrix elements have to be calculated for Aiso and the Au 
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components as it was necessary in a similar study of the ~ H 
radical.6 

The atornic orbital (AO) basis set employed is given in 
Table I. AU calculations are performed in the C2v point 
group. The calculations are carried out in the standard man· 
ner, whereby the multireference configuration interaction 
(MRD-CI) truncation is made on tbe basis of the energy 
selection threshold T. 8 The dependence of the calculated 
hfccs on the quality of the CI wave function will be discussed 
in the next chapter in connection with the results. To obtain 
a faster con.vergence of the CI expansions, natural orbitals 
(NO) areemployed fortheX 2B1 state. Thecalculationsare 
performed at the equilibrium distances of the states in ques­
tion, e.g., 1.935 a. u. for X 2 B 1 and 1. 87 a. u. for A 2 A 1 • 

Since the aim oftbis study is to show with which accura­
cy the hfccs can be calculated by the ab initio method, we 
employ in the present treatment the potential curves pub­
lished by Jungen, Hallin, and Merer, being derived by fitting 
the observed spectral data2

(c > rather than the ab initio curves 
ca1culated in our Jaboratory2m.ua> in order to calculate the 
eifect of vibrationa1 motion. The reason for this choice isthat 
the latter onest suffering from inaccuracies inherent in the ab 
initio rnetbod ( -0.1 e V), do not enable a quantitatively reli­
able description oflocal phenomena arising where neighbor­
ing Ievels belonging to different potential surfaces interact 
with each other. 10 Effects arising from the use of different 
bending potential energy curves will be given in connection 
with the results for the isotopomers NHD and ND2 • 

9 The 
approach employed for tbe calculations of the vibronic wave 
function is described elsewhere. 10 The !arg(! amplitude bend· 
ing vibrations are treated employing the semirigid bender 
Hamiltonian. 11 The vibronic wave functions are represented 
by expansions in the eigeilfunctions of a two-dimensional 
harmonic oscillator. The vibronically averaged hfccs are cal­
culated as integrals over tbese basis functions. 

In the present paper, we employ the "bent" notation for 
the bending quanturn nurnber. The relation between v~n and 
t'rnt is l'~n = 2 X vr't + A ( = 1) + K. K represents the 
qmmtum nurober conjugated to the component of the total 
angular momentum ( excluding spin ) atong the axis a. Inter­
action due to the Renner-Teller effect arises only for K > 0 
Ievels. 

111. RESUL TS AND DISCUSSION 

The results of the calculations of the hfccs of X 2 B 1 are 
presented in Figs. 1-4. In Fig. 1, the calcu)ations of 
A1'öQ ( 

14N) are summarized. The calculated value of 

TADLE I. The AO ba.-sis St!t cmployed in the present work. 

Nitrogen 

Hydrogen 

• Reference 7(a). 
bReference 7th). 
"Refercn~e 7(c). 

( 13s8p) contracted to (8sSp J .. ,h 

plus 2d ( 1.9/0.5) 
plus l/( 1.0).:: 
(8s) oontracted to [5s}a.b 
plus 2p ( 1.4/0.25) 

Aiso ( 14N) [ at a configuration selection threshold ofT= 0.3 
,uhartree, which gives rise to 15 000-20 000 symmetry­
adapted configuration state functions ( SAFs) in the trun­
cated CI] decreases from 44 MHz at 9 = 18<T to 22 MHz at 
the equilibrium geometry e = 103.3°. For the smallest angle 
considered in the present study (9 = 4<1), a value of about 
15 MHz was obtained. To study the dependency of 
Ai~n ( 14N) on the quality ofthe CI wave function, two calcu­
lations with different thresholds ( T = 10.0 phartree giving 
rise to 2000-3000 SAFs and T = 0.3 ,uhartree resulting in 
15 000-20 000 SAFs) are performed for each geometry. The 
values given for the nearly equilibrium geometry a = 103° 
are taken from our previous paper. 5cn 

It is seen that for all geometries, the value for Aku ( 14N) 
increases if the wave function is improved. The influence of 
the quality of the wave function on the value for hfccs de­
creases with decreasing angle, e.g., the difference in the val­
uesofAiso calculatedat T= 0.3and lO.O,uhartreeis lOMHz 
for e = 180°, 5 MHz for e = 103°, 2 MHz for e = 4<1. 
However, a reliable qualitative behavior of Aisu ( 14N) as a 
function of e is already achieved with the wave function 
corresponcling to the smaller CI space. Therefore~ by using 
better wave functions, an overall shift in Ais<.> ( 14N) can be 
expected. · This can be seen from the calculations for 
e = 103°, If T is lowered to 0.1 ,uhartree (treating 27 755 
SAFs variationally), Aiso ( 

14N) rises by about 2 MHz ( Fig. 
1). 

The calculated values of Au ( 14N) are given in Fig. 2. 
Be.cause a RHF calculation for AiJ, which is equivalent to the 
expectation value of the given operator calculated for the 
singly occupied lb1 orbital, already gives 98% of the total 
value, no dependencyon the quality ofthe wave function is 
noted. The very weak dependence of all tensor elements on e 
can be explained by thenature ofthe lb1 orbitaland that of 
the dipole-dipole operator. For all a values, the lb1 orbital 
represents the p orbital of the nitrogen atom which lies per· 
pendicular to the · molecular plane. Due to this position 
which excludes interactions with the hydrogens, the shape of 
1b1 does not change during the bending of the molecule. 
Furthermore, the relative position between the nitrogen nu­
cleus and the density ofthe unpaired electron remains con· 
stant. 

The hfcc of the hydrogen centers are summarized in 
Figs. 3 and 4. Due to symmetry reasons, the hfcc of both 
centers are equal to one another, except for the off·diagonal 
elements of the Au tensor whic.h have the same magnitude, 
but differ in sign. From Fig. 3, it can be seen that starting 
from e = 18(f, the calculated value of Ai!>O eH) changes 
from - 77 to - 43 MHz at 9 = 40°. Using a configuration 
selection threshold T = 0.3 ~thartree ( 15 000-20 000 
SAFs), a valueof- 62 MHz isobtained fortheequilibrium 
geometry (9 = 103.3°), The dependency on the quality of 
the CI wave function is similar tothat found for A150 ct4N). 
Therefore, from an improvement of the wave function, an 
overall shift to lower values of Aiso ( 

1H) is expected, e.g., 
about 2 MHz using T = 0.1 ,uhartree ( 27 755 SAFs) instead 
ofT= 0.3 ,uhartree ( 17805 SAFs). 

As for the nitrogen center, the values ofthe dipole tensor 
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FIG. 1. The dependence of 
A00 ( 

14N) on the bending angle for 
the X 2B1 ground state calculated at 
RNH 1.93 a.u. from different 
treatments. 0 corresponds to Cl ex· 
pansions involvlng between 2000-
3000 SAFs, + corresponds to CI 
expansions involving between 
1 S 000-20 000 SAFs, 0 are data 
points obtained by a spline fit. At 
e = to3•, thecalculated value is giv­
en for four different Cl expansion 
lengths. 

Aq('H) (Fig. 4) can be calculated reliably already with a 
restricted Hartree-Fock (RHF) wave function. However, 
contrary toA iJ ( 14N), the individual elements of 119 ( 

1 H) pos­
sess a complicated functional dependency on the bending 
angle e. The behavior with respect to e is explained easily 
by expressing Alj in spherical coordinates 12 and considering 
the relative position between the unpaired electron and the 

hydrogen center. The situation is sketched in Fig. 5. The 
changes in the components of AiJ by bending the molecule 
arise from the polar angle x' which is nearly equal to one-half 
of thebendingangle e. Tbe qualitative bebavior is described 
by a simple model in which the unpaired electron is located 
1.2 a.u. above (and below) the nitrogen center, and further 
improvement is reached if it is shifted slightly towards the 
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J. Chem. Phys .• Val. 96, No. 6,15 March 1992 

FIG. 2. Thedependenceoftbecom· 
ponents of AIJ ( 14N) on the bending 
angle for the X 1 B1 ground statc cal­
culated at RNu = 1.93 a.u. The var­
ious points refer to the principal axes 
a, b, c of the inertial tensor O=A...,, 
+:.;:AM, andOeA.:.:-
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FIG. 3. The dependence of A1to ('H) 
on the bending angle for the X 2 B1 

ground state calculated at 
RNu = 1.93 a.u. obtained from dif­
ferent treatments. The explanation 
for the data points is the same as in 
Fig. 1. 

hydrogen centers (by about 0.1 a.u.).4(e).sco 

The results obtained for the excited A 2 A 1 state are sum­
marized in Figs. 6-9. For the calculated values of A iro ( 

14N) 
( Fig. 6 ), a strong increase is found in going from a linear to a 
bent molecular geometry. The value of 104 MHz calculated 
at the equilibrium geometry (9 = 144°) shows excellent 
agreement with other theoretical studies. !He> However, it is 

much smaller than the experimental value ofthe vibrational 
Ievel v2 = 4t K = 0 (155 MHz)4

<d) which indicates the 
strong intluence of the vibrational motion on the value of the 
v2 = 4, K = 0 Ievel. The dependency on e arises from the 
nature of the singly occupied 3a1 orbital. Fore= 180°, it 
represents a pure 1T orbital so that Aiso ( 14N) is determined 
solely by polarization effects. By bending the NH2 moleculet 
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FIG. 4. The dependence of the com­
ponents of AiJ ( 1H) on the bending 
angle for the X 2B1 ground state at 
RNH 1.93 a.u. The designation is 
similar to that of Fig. 2. O=Aaa• 
+ :=A6", D=A~", and X~~~"" • 
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/ 
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FIG. S. A representation of parameters important for the calculation of 
Aii( 1H). (x', y', z') indicate the Cartesian coordinate system used for the 
calculation of A,;C'H), ,t' represents the polar angle. RNH and 0 are the 
internuclear distance and the bending angle. r~H is the distance between the 
hydrogen center and the unpaired electron. The shape ofthe lb, orbital is 
sketched by the shaded area. 

the 3a 1 orbital obtains more and more u character from 
which a strong increase of the direct contribution from the 
3a 1 orbital to Aiso ( 

14N) results. A detailed discussion ofthe 
individual effects will be given in the next section. From Fig. 
6, it can be seen that the dependence of the value for Ai:so on 
the quality of the wave function is smal1. By improving the 
wave function, an overall shift of 3-5 MHz is found. The 
values of A iJ ( 14N), gi ven iii Fig. 7, possess strenger depend­
encies 011 e than those found for X 2B,. The Variations arise 

Aiao ( 
14 

N) of A2 A1 
450 I I I I 
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350 -

300 .. 
N 

i 
c 250 f-.... 
z 

;t 200 -
0 • ID 

"" • 150 - • 
100 - • 
50 -* • • 

0 I I I I 

180 160 140 120 
bending angle e 

I 

from the change in the nature ofthe 3a1 orbital. Again, the 
calculated values arealready given satisfactorily within the 
RHF approach. Like Aiso ( 

14N), the value of Abo ( 
1H) in­

creases strongly with decreasing angle 9 ( Fig. 8). A change 
in sign is found near the equilibrium geometry. At the equi­
librium geometry (9 = 144a), a value of 12 MHz is calculat­
ed. lt agrees reasonably weil with the value of 16 MHz given 
by Pöhlchen et al. S(e> The reasons for this behavior of 
Aiso (IH) are similar to those found for Ai.'SO ( 14N). Contrary 
to Aiso ( 

14N), the calculated value of A iso ( 
1 H) decreases with 

improving wave function. The calculated functional depen­
dency of the elements of the anisotropic tensor Aif on the 
bendingangle is given in Fig. 9. A simplemodelsuch asthat 
given for X 2 B 1 cannot be used for the A 2A 1 state because 
this model would not be able to incorporate the cbange in 
character of the singly occupied 3a 1 orbital. 

The hfccs obtained for the individual K = 0 and K = 1 
rovibronic states are given in Figs. 10 and 11 and Tables II 
and Ill. \Vhile Figs. 10 and 11 contain a graphical represen­
tation ofthe results for AiSc.l ( 

14N) and Aiso ( 
1H), all calculat­

ed numbers are summarized in Tables II and III. The values 
of Ai,o;o ( 

14N) calculated for individual rovibronic states are 
summarized in Fig. lO. The values for K = 0 of the X 2B 1 

state which include only averaging over the bending motion 
in this particular electronic state show only small dependen­
cies on the vibrational quantum number. The reason for this 
behavior is twofold. First, for the K = 0 states, no mixing 
between the two electronic states X 2B 1 and A 2A1 occurs 
and second, as discussed above, the dependency of A iso ( 

14N) 
on the bendingangle e was found tobe small for X 2 B 1 ( Fig. 
1). For the K = 0 states of the electronically excited state 
A 2A I the !arge inftuence of the bending angle e on 

I I 

* -

-
• 

-

• FIG. 6 . The dependcncc of 
A iw ct4N) on the bending angle for -
the A~A 1 state calculated at 
RNH = 1.87 a.u. 0 corre."ponds to 

- CI expansion involving between 
2S 000 and 30 000 SAFs, + corre-
sponds to Cl expansion involving be-- tween 6000 and 10 000 SAFs . 

-

-

I I I 

100 BO BO 
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ponents of A;i ( '~N) on the bending 
angle for the A 1A 1 ~tate calculated 
at RNH = 1.87 a.u. The designations 
are equal to that of Fig. 2. 

A1w ( 
14N) is reftected in the sharp increase of Aiso ( 14N) as a 

function of the increasing vibrational quantum number v2 • 

for the difference between theory and experiment lies in the 
dependency of the calculated value on the quality of the CI 
wave function ( Fig. 1 ) . Because, as discussed above, the rel­
ative behavior of Aiso ( 14N) with respect to the bendingangle 
e is a)ready obtained with smaller Cl expansions, we expect 
that all calcu1ated Aiso ( 14N) for K = 0 states of X 2 B 1 have 
to be shifted higher ·by about 5 MHz in order to compare 

In Fig. 10, experimentally known Aiso ct4N) values of 
the NH2 mo1ecule are also given. The experimental va-
1ue4(a)-4C.:> of Ai:.o ( 14N) for the lowest vibrationa) level ofthe 
electronic ground state X 2 B 1 is about 5 MHz higher than 
the calculated va)ue given by the present work. The reason 

AiiiO ('H) of A
2
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FIG. 8. The dependence of .4 ;.., ( 1 H} 
on the bending angle for the .4 l A 1 

state calculated at RN11 = 1.87 a.u. 
obtained for different treatment. The 
explanation for the data points is the 
same as in Fig. 6. 
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with experimental results. For similar reasons (Fig. 6)~ the 
calculated valuesoftheK = Ostatesof.A 2A1 arealsoexpect­
ed to lie too low. However, part of the deviation between 
experiment and theory found for the v2 = 4, K = 0 Ievel 
( 1 SS vs 148 MHz) has tobe attributed to uncertainties in the 
experimental data4cd> (see Table Il). 

While K = 0 Ievels are attributed unambiguously to one 
electronic state, eigenfunctions of K = 1 involve both elec-
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tron1c states co\lpled via the Renner-Teller effect. Because 
the isotropic hfcc of both electronic states ditfers consider­
ably, the amount of inixing found for a given vibronic state 
should be reftected in the averaged values of A00 • In Fig. 10, 
Aiao ( 14N) ofvibrational states possessing mainly X 2 B 1 char­
acter are indicated by ( + ) and those possessing mainly 
A 2A2 character by ( X ) . Vibronic states below 10 000 cm - 1 

possess practically only X 2B 1 chara.Cter because the Ren-
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+ 13 14 

+ • • .. • + • 10 11 12 13 f4 
I 

teooo 20000 
Vibretionel Energy in cm-1 
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FIG. 11. Vibronically averaged val-
0 1 ues for A~so ( 1H). For notations, see ., )( 

'" Fig. 10. <C -20 . 
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0 !5000 10000 115000 20000 
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TABLE li. Mean values ofthe hyperftne coupling constanta (in MHz) at TABLB 111. Mean values of the byperfine coupling constants (in Mßz) at 
the nitrogen center ( 14N). the hydrogen center ( 1H). 

K=O K=l K=O K=l 

L'2 • A,"' A..., Abb "" Ai.., A.,., Abb A..., ~· A~» A.,., Abb A .... A.," Ai.., A"" Ät.t. A"' A"b 

X 2B1 X 2B1 

0 22 -42 -43 85 22 -42 -43 85 0 -62 20 -13 -7 '' -62 20 -13 -7 ss 
0" 28 -43 -4S 88 (j> -67 20 -14 -S 59 

± 1 ± 2 ± 1 ± 1 c: ± 1 ± 2 ± 2 ± 1 ± 3 
t 23 -42 -43 85 23 -42 -43 85 I -62 20 -13 -7 S4 -62 20 - 13 -7 54 
2 23 -42 -43 85 23 -42 -43 85 2 -62 20 -14 7 52 -62 20 - 13 -7 52 
3 24 -42 -43 8S 24 -42 -43 85 3 -62 20 -14 -6 so -62 20 -14 6 so 
4 25 -42 -43 85 25 -42 -43 8S 4 -63 21 -15 -6 49 -63 21 - 14 -6 49 

' 25 -42 -43 85 2S -42 -43 ss s -63 22 -1S -6 47 -63 2J - )5 -6 47 
6 26 -42 -43 85 26 -42 -43 85 6 -64 23 -17 -6 4S -63 22 -16 -6 45 
7 27 -42 -43 8S 28 -42 -43 85 7 -64 23 -18 -6 42 -64 25 - 19 -6 41 
8 28 -42 -43 8S 38 -42 -43 84 8 -6S 24 -18 -6 40 57 34-28 -6 28 
9 28 -42 -43 85 49 -42 -41 84 9 -65 23 -17 -6 39 -48 38 -32 -6 21 

10 27 -42 -43 8S 67 -41 -40 81 10 -64 21 -15 -6 39 -28 40 -34 -6 14 
J1 27 -42 -43 8S 53 -41 -41 82 11 -64 18 -13 -6 40 -38 29 -23 -6 26 
12 26 -42 -43 85 3S -41 -42 84 12 -63 16 - 10 -S 41 -SS 20 - 15 s 36 
13 26 -42 -43 85 30 -41 -43 8S 13 -62 13 -8 -5 41 -59 16 - 11 -S 39 
14 2S -42 -43 85 28 -42 -43 85 14 -62 11 -6 -5 41 -60 13 -8 -5 37 

A 2A 1 tf2At 

0 104 -40 17 -38 98 -40 77 -38 0 12 61 -7 53 -13 7 53 7 -46 -5 
I 110 -39 77 38 82 -40 80 -39 1 14 60 -7 -53 -14 -11 43 -7 -37 8 
2 123 -39 76 -37 lOS -39 77 -38 2 27 59 -7 -52 -16 10 49 -6 -43 -3 
3 136 -38 1S -36 135 -38 75 -37 3 38 S8 -6 -52 -18 37 54 -6 -48 -15 
4 148 -38 74 -36 ISO -38 73 -36 4 48 56 - S -51 -20 so 54 -S -49 -18 
4b 154 -49 153 -40 76 -37 40 49 49 52 60 - 10 -37 

"' ± 3 ± 5 ± 1 ± 3 ± 1 ± 2 ö ± 6 ±11 ± 2 ± 4 ± 2 ± 2 
s 160 -37 73 -35 162 -37 73 -35 s 57 55 -4 -51 -21 58 53 -4 -49 -19 

• Bending quantum numbel'$, v1 aod vJ arc always zero. • Bending quantum numbers. v1 and u3 are always zero. 
hExperlmental values (Rcf. 4). b Experimental values ( Ref. 4). 
"Third standard deviation (Ref. 4). "Tbird standard deviation (Ref. 4). 
4 Firststandard deviation (Rer. 4). d Firststandarddeviation (Ref. 4). 
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ner-Tellerinteraction is very weak for energetic reasons. Be­
tween 10 000 and 16 000 cm- 1 a strong interaction arises 
and Aiso ( 14N) averaged for a single vibronic state is heavily 
modulated due to the admixture ofthe other electronic state. 
For vibronic states attributed mainly to the ground state 
X 2 B 11 Aiao ( 14N) increases sharply from 28 MHz ( v2 = 7- ) 
to 67 MHz (v2 = 10- ). For higher states, the mixing with 
A 2A 1 becomessmallerandhenceA190 (

14H) decrease8to28-
29 MHz which is very similar to the value of25-26 MHz for 
the corresponding K = 0 states. The difference of about 2 
MHzshows the small remaining inftuence of the higher elec­
tronic state. 

For K = 1 statesassigned mainly toA 2A1 , thesituation 
is inverted, because the calculated value of Aiao ( 14N) de~ 
creases with increasing X 2 B 1 admixture. For the lowest 
state v2 = 0, the calculated Ai$0 ct4N) value of the K = I 
state lies about 6 MHz below the A1so ( 

14N) value of the cor­
responding K = 0 state ( 98 vs 104 MHz) ·~ Due to a strenger 
X 2 B 1 admixture, the difference increases to about 30 .MHz 
for v2 = 1 with 110 MHz for K = 0 vs 82 MHz for K = 1. 
For higher states, the interaction between both · electronic 
states decreases and the values of corresponding vibrational 
states become very similar. Our results for the v2 = 4, K = 1 
Ievel of 151 MHz is in very good agreement with the experi­
mental value of 153 MHz ( ± 1.3 MHz in first standard 
deviation).4<d> From the experimental side, no further data 
are known. From Fig. 10, it can be seen' that the calculated 
values of A00 ( 

14N) for k = l states lie below the line con­
necting the K = 0 states. Nevertheless, for v2 = 4 and 5, due 
to the strong dependence of Ai50 ( 

14N) on thebendingangle 
9,A1so (

14N) oftheK = 1 stateishigherthan tbeva1ueofthe 
corresponding K = 0 state. For v2 = 4, this finding is differ­
ent from the experimental measurements4cd> which place 
A150 ct4N) of K=O (155 MHz) aboveAiao( 14N) of K= 1 
(153 MHz). However, due to the !arge experimental uncer­
tainties, we expect that the theoretical ordering is more reli­
able. Similar trends as found for A00 ( 

14N) can be seen 
Aiso ( 1 H) ( Fig. 11) and to a stilaller extent for the elements of 
the dipolar tensors summarized in Tables li and 111. 

Besides the effects arising from vibrational averaging, 
another interesting aspect appears if the isotropic hyperfine 
coupling constants of X 2B 1 and A 2A1 are compared. At 

T ABLE IV. A study of various elfepts inftuencing Au.o at both centers. 

a4N 

Experinienta1 data (v2 == 0) -67MHz 28MHz 
The intluence of 

molecular structure• 
9= 144. -66MHz 31MHz 
e = 103· -62MHz '24MHz 
:RJipb OMHz OMHz 
Polarization and 

correlation e1fectsb -66.MHz 24MHz 

•Equilibrium geometry of A 1..4 1 is 9 = 144 and of X 2B1 is 103•. 
"At the equilibrium structure of the given state. 

(V1 = 4) 

linear geometry, X 2 B 1 and A 2 A 1 represent the two compo­
nents ofthe doubly degenerate 2fiu state and split ifthe mol­
ecule is bent. The electronic configuration of X 2 B 1 is given 
by lai 2ai 3ai lb i 1b ~. Since the singly occupied lb1 which 
represents a nearly pure nitrogen p orbital possesses a node 
in the molecular plane, an RHF calculation gives Aiso = 0 
MHz for al1 centers. Therefore, the values of A i!iO are deter­
mined by spin polarization effects only. In the bent molecule, 
the first excited stateA 2A1 is reached formally by the single 
t!XCitation 3a1 -lb1 resulting in an RHF determinant 
Iai 2a1 3a~ 1b ~ lb i. Becausethesinglyoccupied 3a1 orbital 
possesses a nonvanisbing value at the positions of the nu­
cleus Aiso is expected tobe greater than in X 2Btt as was 
found for the PH2 molecule. 4<d> The experimental data 
known for NH2 sbow the trend discussed above for the ni­
tragen center of NH2 • For the hydrogen center a change in 
s~gn occurs between X 2 B 1 and A 2 A 1 , but contrary to 
Aiso ( t4N), themagnitudeofA110 ( 

1H) decreasesiftheexperi· 
me.ntal data for v2 == 4, K = 0 of A 2 A 1 (50 MHz) are com­
pared with the values found for v2 = 0, K = 0 of X 28 1 

( - 67 MHz). From tbe experimental data, it is impossible 
to study the extent pf the various effects. A breakdown of 
this unexpected trend is given in Table IV. 

If the inftuence of the vibrational motion is eliminated 
by comparing Aiso eH) calculated at the equilibrium struc­
tures of the states in question [X 2 B 1 -e = 10r, 
Aiso{'H) = -62 MHz; A 2A,--e = 144°, AisoctH> = 12 
MHz], an enh~ncement · of the unexpected trend is found. 
The main reason for this trend lies in the different equilibri­
um geometry ofboth states as can be seen from a comparison 
of A~sa ( 1H) ofboth states calculated at e = 103° (X 1B1-

- 62 MHz; A 2A1-l44 MHz). The low value of Aiso ( 1H) 
of A 2 A 1 for e = 144° results from the interplay of RHF 
effects ( + 62 MHz) and polarization/correlation effects 
( ~ SO MHz) wJ:rlch cancel each other. For the nitrogen cen­
ter, anormal trt!nd exists because·RHF and polarization/ 
correlation effects have equal sign. 

IV .. SUMMARY 

In the present paper, the hfccs for the .. Y 2B1 and the 
A 2A1 states o~ NH2 were calculated as a function of the 

12 MHz 104 MHz 
144.MHz 264~ 
62 MHz 64 MHz. 

-SO MHz 4Q.M:&. • 
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bond angle e. Using the bending potential curves published . 
by Jungen et a/.,2 the mean values ofthe hfccs for the K = 0 
and 1 Ievels were computed. All results are in very good 
agreement with experimental data. Deviations of about 0-S 
MHz can be attributed to the strong inßuence of correlation 
effects and inaccuracies in the experimental findings. It can 
be seen clearly that very accurate ab initio methods are able 
to generate reliable predictions. The study shows that the 
vibrational motion and the Renner-Teller effect has to be 
taken into account for a quantitative de8cription of hfccs of 
the vibrationallevels. For low-lying vibrational states ofthe 
X 2 B1 ground state, these effects were found to be negligible.· 
The unexpected low value of Aiso ( 1 H) for A 2 A 1 at the equi­
librium geometry (9 = 144°) could be attributed to an in~ 
terplay ofRHF effects ( + 62 MHz) and polarization/cor~ 
relation effects (-50 Milz) which nearly cancel each 
other. For the nitrogen center, both contributions possess 
equal sign so that the value of Aiso e4N) for theA 2A. 1 state is 
three to four tim es high er than that of the X 2 B 1 ground 
state. 
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