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The hyperfine structure of the two isoelectronic molecules H2CN and H2CO+ in their electronic 
ground state (X 2 B2 ) is studied. The infiuence of the atomic orbital (AO), basis sets, o~ t~e 
correlation treatment, and of the. equilibrium geometry on the obtained hyperfine propertles 1s -
investigated. It is found that the multireference double excitation-configuration interaction 
(MRD-CI)/ BK treatment in which an MRD-CI wave function is corrected by a modified BK 
method yields equivalent results to quadratic CI [QCISD(T)], coupled cluster single doubles 
[CCSD(T)), or Brueckner double~ [BD(T)]. Uncertainties in the equilibrium geometries are 
found to be the major source for discrepancies between theoretically and experimentally deter
mined isotropic hyperfine coupling constants (hfccs). For the heavier centers, the calculated 
values of the isotropic hfccs agrees nearly perfectly with experimental values ( z 1%-2%). The 
calculated values for the hydrogens are too low, but using the equilibrium structure suggested by 
Yamamoto and Sato [J. Chem. Phys. 96, 4157 ( 1992)], the best estimate deviates by less than 
3%. . 

I. INTRODUCTION 

The isotropic hyperfine coupling constants (hfccs), 
also known as Fermi contact terms (Aiso), are found tobe 
quite sensitive in. ab initio treatments. The difficulties arise 
since only those orbitals which possess a nonvanishing 
value at the position of the nucleus in question and a net 
spin density contribute to Aiso. Due to the interaction be
tween the unpaired electrons and all other electrons, dou
bly occupied shells can also influence Aiso. Since the con
tribution from various shells are similar in magnitude, but 
differ in sign, a balanced description of these spin polariza
tion effects for all shells is essential. Restricted Hartree
Fock (RHF) calculations are inappropriate because spin 
polarization effects are neglected. If the unrestricted 
Hartree-Fock (UHF) method is used, the calculated iso
tropic hfccs are much too large because spin polarization 
effects are overestimated. In the case of the configuration 
interaction (Cl) approach, higher than double excitations 
were also found to be important. 1•2 Therefore, in the frame
work of the multireference oonfiguration interaction 
( MRCI) approach, the isotropic hfccs depend strongly on 
the number of reference configurations, and if configura
tion selected MRCI calculations are used, they also depend 
on the nu~ber of selected configurations. The two isoelec- -
tronic molecules H2CN (X 2 B2 ) and H2CO:- (X 2 B2 ) are 
two systems which ire well-known for difficulties in the 
calculation of their isotropic hfccs. 

Experimentally, the interest in the methylene imino · 
radical (H2CN) ·is guided by its importance as a chemical 
intermediate in some ballistic propellants and, e.g., for the 
formation of HCN in the clouds of Jupiter. A discussion of 
recent theoretical and experimental work on this radical 
may be found in the review article by Marston and Stief. 3 

•> Author to whom correspondence should be addressed. 

In 1962, Cochran et aL 4 det~ted H2CN for the first time 
using electron spin resonance (ESR) experlinents. Many 
further ESR studies have been :reported. In different ma
trices, the isotrop~~ hfcc values of the protons ranged from 
255 (Ref. 5) to 240 MHz, while Aiso( 14N) varied between 
42 (Ref. · 6) and 26.6 MHz. A recent microwave investiga
tion ofYamamoto and Saito1 yielded the firstexperimental 
gas phase hyperfine parameters for the hydrogen and the 
nitrogen centers. For the protons, Aiso=233.2 MHz was 
found, while 25.9 MHz was given for the nitrogen center. 
This shows that matrix effects shifts both. para:meters by 
about 10% to higher. values. Based on the measured rota
tional constants, Y amamoto and Saito suggested three pos
sible equilibrium geometries which will be discussed later 
on. 

Less experimental information is available for H2co+ 
(X 2 B2). In· particular, a microwave investigation of this 
molecule is missing, and tothebest knowledge of the au
thors, no experimental geometry has been reported. · As for 
H2CN, matrix effectS are large. The isotropic hfccs of the 
protons range from 372.1 MHz (Ref. 6) measured ·in a 
neon matrix to 253 MHz- (Ref. 8) found in sulphuric acid 
at 77 K. For the carbon center, only one value ( 109 MHz) 
was reported by Knight and Steadman. 6 

Both molecules were considered in the theoretical 
studies of Fellerand Davidson9

-
12 which renewed the in

terest in the ab initio studies of ESR parameters. 13 Al
though the calculations seem to be at a high Ievel of so
p~stication, the calculated isotropic hfccs deviate a~out 
30%-50% from die experimental values. The methylene 
iminio radical (H2CN) was later reinvestigated by Chip
man, Carmichael, and Feller14 in the following abbreviated 
as the CCF study, using single excitation CI (CIS) and the 
quadratic CI [QCISD(T)] (Ref. 15) method, as well as 
configuration selected MRCI calculations. The values pre
dicted by configuration selected MRCI calculations were 
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too small for all centers ( deviations of up to 40% from the 
experimental results) although very large reference spaces 
(146 configilrations) were used. The study shows clearly 
that configuration selection was. one of the major" error 
sources. Although more than 450 000 configuration state 
functions ( CSFS) were selected, convergence of the isotro
pic hfccs with respect to the selection threshold was not 
reached. Using unselected MRCI was impossible because 
the size · of the MRCI space was -.. 33 000 000. The 
QCISD(T) method; first used in the calculation of isotro
pic hfccs by Carmichael, 16 yielded much better agreement. 
For the heavier ce~ters, the _agreement is nearly perfect, a 
deviation of less than 3 MHz is found, but the description 
of the isotropic hfcc of the .hydrogen center turned out to 
be very complicated. The QCISD(T) method deviated by 
about 14% (22 MHz) from the experimental value, while 
a deviation of about 24% ( 48 MHz) was fourid for the 
configuration selected MRCI. The H2CN radical was also 
considered in the study of Cav.e, Xantheas, and Feller17 in. 
the following abbreviated as the CXF study. In the CXF 
study, averaged coupled-pair functional (ACPF) and 
quasidegenerate · variational perturbation theory ( QD
VPT) 18 were used to estimate the influence of parts of 
thosc excitations not included in the MRCI appro~ph. 
However, even for Ai50(H), these contributio~s were found 
tobe less important (4-6 :Milz). 

The present paper is_· devoted to ~ome questions which 
are important for an understanding of the remaining dif
ferences between the experiment3:l and theoretical hfccs. 
For the formaldehyde radical cation .. (H2co+ ), calcula
tions employing similarly sophisticated methQds as used in 
the CCF study are missing. For H2CN, the geometry used 
in thc recent studies was obtained_ at a r:ather lo~ IeveL 1 ~ 
Whilc vibrational effects as shown in the CCF study are 
less important (2-4 MHz) because the_isotropic hfccs de
pend ne~rly linearly on the internal coordinates, the equi
librium geometry does indeed seem to be very important. 
The values for A150(H), e.g., changes by about 20 MHz if 
they are calculated at the different equilibrium geometries 
obtained with fourth-order Mßller-Plesset (MP4/6-
31G**)20. and generalized valence bond-configuration 
interaction/doublc zeta polarization GVB-CI/DZP.21 Fur
thermore, it still remains unsolved why the configuration 
selected MRCI calculations of Feller and Davidson yield 
such poor agreement with the experimental values. 

Recently, one of the present authors. has successfully 
calculated thc isotropic hfccs of a number of small sys
tems2l-27 using the MRD-CI/ BK method. In the MRD
CI/ BK approach, a selected MRCI wave function is per
turbatio.nally corrected using a modified BK treatment. 24 

The modified BK treatment extrapolates to the results of an 
unselected MRCI wave function, as has been shown in 
previous calculations on the boron and nitrogen atoms22 

and for the CH radical.24 These publications also contain 
the exact formulation of the method and test calculations 
in which the modified BK treatment is compared to the 
unselected Iimit. In the present study, the MRD-CI/ BK 
approach will be used to address the questions mentioned 
above. In addition, the method will. also be compared to 

T ABLB I. The definition of the AO basis sets used in the various calcu-
1ations. 

Chipmanbasis Reference 

Carbon eenter (9sSp) -[Ss3p] Huzinaga ( Ref. 41) 
+.1s function (0.0479) 1 
-+ ls function (28 217.82) 30 
+2d functions (0.28/1.12) 1 

Nitrogen center (9s5p)-[5s2p] HuZinaga (Ref. 41) 
+ ls function (0.0667) 30 
+ ls function (39 350.32) 30 
+ 1p function (0.0517) 2 
+2d functions (0.37/1.48) 2 

Oxygen center (9.s5p)-[5Slp] Huzinaga (Ref. 41) 
+ 1s function· (0.0862) 30 
+ 1s function (52 962.288) 1 
+2d functions (0.55/2.2) 

Hydrogen center (Ss) -[3.s] Huzinaga (Ref. 41) 
+ ls function (0.0483) 30 
+ 1.s function ( 850.8678) 1 
+ 1p functions ( 1.0) 

Duijneveldt basis 

Carbon center ( 13s8p)- [SsSp] 
+ 2d functions ( 1.097/0.318) 

Nitrogen center (13s8p)- [8s5p] 
+ 2d functions ( 1.654/0.469) 

Oxygen center (13s8p)- [SsSp] 
+2d functions (2.314/0.645) 

Hydrogen center (9s)-[7.s] 
+2d functions (1.407/0.388) Duijneveldt ( Ref. 29) 

various other treatments such as M0ller-Plesset perturba
tion theory,. QCISD(T),15 coupled cluster methods,· and 
the Brueckner doubles method BD(T).28 

II. METHODS OF CALCULA TION 

·In the present study, two types of AO basis sets are 
used. The first originates from the Duijneveldt basis, 29 

while the second was given by Chipman. 30 It is somewhat 
smaller than the first one, but optimized for spin property 
calculations. Both are explained in Table I and will be 
denoted Duijneveldt and Chipman bases for short. 

· The geometry optimizations were performed using the 
MR-CISD31 and MR-ACPF32 programs of the 
COLUMBUS package.33 The reference space for MRCI 
and MR-ACPF consists of all excitations in the highest 
occupied molecular orbital-lowest unoccupied molecular 
orbital (HOMO-LUMO) pair of B1 and B2 symmetries 
and the singly occupied orbital. In both the multiconfigu-· 
ration self-consistent field (MCSCF)-CISD and MCSCF
ACPF · calculations, the described reference space corre
sponds to the active space of the MCSCF calculation. Both 
a MR-CISD and a MR-ACPF were performed usmg the 
MCSCF orbitals (second or~er Cl). The geometry optimi
zations were done using a finite differentiating scheme. , 

The calculation of the hyperfine properties and the BK 
calculations were performed with a modified version of the 
MRD-CI program package of Peyerimhoff and Buenker34 

using the Table CI algorithm. 35 Comparing the wave func-
tion of a configuration selected MRCI calculation and an 
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TABLE II. Resu1ts of geometry optimization of H 2CN usin1 dift'erent 
methods. The CISD resu1ts were corrected according to the normalized 
Davidson extrapolatlon (Ref. 40). The Dujineve1dt AO basiswas used for 
the CISD caiculation. 

Method RCN (pm) ReH (pm) 'HCH Reference 

MNDO 123.3 111.4 126.1 42 
ROHF/DZP 124 114 119 47 
ROHF 124.3 108.4 119 19 
GVB-CI 126.8 110.6 121 21 
MP4 123 1Q~.$ 122 20 
CISD/DZP 123.8 108.5 120 43 

QCISD/6-31G•• 125.9 109.2 121.5 
SF-CISD 124.7 108.9 121.0 
SF-ACPF 125.5 109.2 121.2 
MR-CISD 125.8 109.4 121.1 
MR-ACPF 125.8 109.4 121.1 
MCSCF-CISD 125.6 109.4 121.1 
MCSCF-ACPF 125.6 109.4 121.1 

Saito1 126.1 108 122.3 7 
Saito2 124.7 111 116.7 7 
Saito3 114 7. 

unselected MRCI calculation, two types of differences are 
obvious. First, the unselected MRCI wave function con· 
tains more expansion terms. The resulting effect on a prop
erty obtained as an expectation value will be called the 
direct.effect. Second, since the neglected configurations in
teract with the configurations included in the configuration 
selected MRCI wave function, the coefficients of the se
lected configurations differ if the configuration selected 
MRCI wave function is compared to the wave function of 
an unselected MRCI calculation. Due to the more indirect 
nature, we called this the indirect effect. A more detailed 
description of the various effects are given in Ref. 2. In 
previous studies, it could be shown that the indirect effect 
is more important than the direct effect for the isotropic 
hfccs and that the Bx (Ref. 36) treatment is able t,o incor .. 
porate the former effect. 22-

24 Details of the modlned BK 
method were described in previous papers. 22:'-24 

In the calculations of the hfcc8, the reference configu
rations were selected according to two criteria. First, the 
squared coefficient of this configuration should be larger 
than 0.001 in the final CI wave functiotr, and second, the 
importance to the spin density matrix was analyzed. To 
obtain faster convergence of the CI expansion, natural or
bitals were used as the one-particle basis. Estimates of the 
spin densities via Cl with only the smgle excitations (CIS) 
were obtained with the help of the MELDF-X program. 37 

The hyperfine coupling constants of the various CI wave 
functions were calculated as expectation values. 

For· the unrestricted Hartree-Fock (UHF), unre
stricted M0ller-Piesset (UMP), UHF-QCISD(T), 15 

UHF-CCSD(T),38 and the UHF-BD(T) 28 calculations, 
the Gaussian92 program39 was used. The correlation en
ergy is calculated in the presence of small Fermi contact 
fields at each· (0.5 X to-3 :a.u.) .nucleus in turn, and the 
corresponding spin densities are derived by finite-fleld per
tutbation theory. 

TABLE Iii. The inftuence of the geometry on the isotropic value of the 
hyperfine coupfing constant in H 2CN (in megahertz) using the. CIS 
method and the Chipman AO basi$ without peak functions. The energy 
(given in Hartrees) obtaine<fby the SR-ACPF metbad on · the geometry is 
also reported. 

RCN (pm) fHCH A(C) A(N) A(H) EACPP 

116.4 12i.2 -84.6 12.8 233.7 -93:870 876 97 
125.5 121.2 -72.0 15.9 167.7 -93.882 717 44 
127.0 121.2 -70.2 15.5 158.3 -93.88245411 
137.6 121.2 -64.5 13.5 104.2 -93.870 000 !52 
125.5 115 -65.8 36.3 153.1 -93.879 217 so 
12S.S 120 -71.5 15.8 164.8 -93.882 583 44 
125.5 125 -74.6 19.9 . 177.3 -93.881 350 66 
123.5 130 . -77.8 17.2 192.6 ....;93.875 226 82 

111. METHYLENE IMINO RADICAL 

· The problems arising in the calculation of · the · elec
tronic structure of the methylene imino radical '(H2CN) in 
its .electronic ground state X 2 B2 can 'already be seen in the 
r~ults of the geo'metry optimizations using different meth
ods given in Table II (upper part). The MP4/6-31G** 
calculations of Adams et al 20 predict a C-N bond distance 
of about Ii3.8 pm, whereas the GVB-CI calculation · of 
Bair and Duniringl1 predict a much Ionger distaiice (126.8 
pm). The importance of the geometry for the calculation of 
hfccs can be seen in Table III. Changing the CN distance 
by only 1.5 pm from 125-.5 to 127.0 pm shifts Ais0 (H) by 
about 10 MHz. The isotropic hfcc of hydrogen is also sen
sitive to the arigle «PHcH. Both effects can be explained 
easily by considering the shape of the singly occupied or
bital ( SOMO) depicted in Fig. 1. If the CN bond is short
ened or the HCH angle is · widened, the hydrogens . are 
moved towards higher density regions of the SOMO, 
which causes an increase inAiso(H). The micröwave study 
of)"amamoto and Saito1 could not establish a final geom
etry~ Assuming CH distances of 108, 111, and 114 pm, they 
suggested the three possibilities presented in Table II as 
Saitol, Saito2, arid Saito3. In view ofthelarge differences 
in the equilibrium geometrles given in the literature, a re
optirhization of all geometrical parameters using different 
methods was carried out. The values are given in Table II 
(middle part). Comparing the results, it is obvious that at 
least a single reference SR-ACPF optimization is neces
sary. QCISD(T), SR-ACPF, MR-ACPF, MR-CISD, 
MCSCF-CISD, and MCSCF-ACPF yield nearly identical 

FIG. 1. The shape ohbe singly occupicd molecular orbital (SOMO) in 
H 2CN (X2 JJ"). The S0!-40 of H2CO+ (X 2 B2 ) is similar. 
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TABLE IV. A comparison oftbis study witb other theoretical studies on 
H2CN. The ROHF seometry of McManus et al. (Ref. 19) was used 
throughout. The isotropfe hfecs (A~so) are given in megahertz. 

Method A~so( 1H) Ailo<t3c> A~so( 14N) 

scr• 166.0 -68.3 24.1 
SDCib 1S2.3 -49.3 6.4 
MRD-Clb (86c; 1<f) 169.3 -61.7 12.9 
MRD-CI" (8e; t.OCS) 173.6 -6.5.8 14.2 
MRD-Cib ( 86c; 0.1 d) 184.8 -71.1 17.6 
MRD-C:r (14<f; O.ld) 187.0 -72.0 17.0 
Qcrsn• 211.4 -75.6 24.6 
QCISD(T)a 211.1 -77.8 26.0 
MRD-Cie (28c; 2.0CS) 166.7 -56.1 10.1 
MRD·CI/ BK (28c; 2.od) 204.1 -76.0 26.7 
MRD-Cle (72c; l.<f) 171.9 -SS.1 11.0 
MRD-CIIBx (72c; l.Od) 212.1 -7.5.0 26.6 

Experiment 233.2 -80.9 2S.9 

acarmichael, Chipman, and Feller ( Ref. 14 ). 
&eave et al (Ref. 17) .. 
llNumber of conflgurations in the reference space. 
dseloction thresqold 10-6 hartr~ 
~resent work nsing the Duijneveldt AO basis. 

values, while SR-CISD deviates slightly. The optimized 
geometry lies between the geometries Saito 1 and Saito2 .. 
The rotational constants obtained with the MCSCF-ACPF 
geometry also agree with experiment to 1%. 

In the present study, the isotropic hfccs are calculated 
using the MRD-CI/ BK method. In order to discuss its 
ability to predict the isotropic hfccs and to study the rea
sons responsible for the poor agreement found in the con
figuration selected MRCI calculation in the CCF14· and 
CXF17 studies, an investigation was performed at the ge
ometry used in both previous works. The results are sum
maljzed in Table IV along with the outcome of the previ
ous investigations. Let us first focus on the hydtogen center 
because it is the most difficult property. Using the uncor
rected MRD-CI wave function obtained with a selection 
threshold of T cx= 10-6 hartree, the isotropic hfces ob-. 
tained in the present study are similar to those of the pre
vious works using the same Ievel of sophistication ( 86 ref
erence configurations, Tc1= 10-6 hartree). If the number 
of variational1y handled configurations is enlarged by de
creasing Tc1, Ais0 (H). increases slowly, but even for the 
largest MRCI calculation performed in tne. CCF study 
(Ta=10-7 hartree, 446 932 CSFs selected), no conver
gence is reached in A~so(H) · (see also Figs .. 1 and 2 of the 
CCF study). If instead of enlarging the variationally han
dled space, the indirect eft'ect of the neglected confi.gura
tions is estimated by the Bx method A~so(H) jumps by 
about 40 MHz (MRD-CI: 171~9 MHz; MRD-CI/Bx: 
212.1 MHz) towards the experimental.results .. Similar. ef
fects can be seen for the isotropic hfccs of the carbon and 
the nitrogen centers. This shows clearly that the reason for 
the failure of the configuration selected MRCI wave func
tion in predicting reliable isotropic hfccs for H 2CN lies iti 
the slow convergence of Aiso as a function of T CI· The 
indirect influence of the neglected configurations, which is 
incorporated by the B x treatment, is very important and 

TABLB V. The isotropic bypcrtine values ofH1CN using the MRD-CI/ 
BK method with different geometries (in megahertz). 

Geometry A(C) A(N) A(H) EnergT' 

Saitol -73.0 26.4 193.9 -93.808 732 
Saito2 -81.1 25.7 219.1 -93.809112 
ROHF (Ref. 19) -75.0 26.6 212.1 -93.808 212 
MCSCF-ACPF -78.0 26.0 207.9 -93.809434 

Bxp. ( Ref. 1) -80.9 25.9 233.2 

aca.Iculated with the MCSCF-ACPF method using the Duijneveldt basls. 

cannot be neglected in the calculation of isotropic hfccs. 
This is consistent with a recent study which investigated 

· the contributions of various excitation classes. 2 As found 
for the CH radical,24 the QCISD(T) gives very similar 
results to the MRDCI/ BK method. 

. Before we discuss the inftuence of the equilibrium ge
ometry, Iet us focus on the etfects arising from excitations 
not included within our treatment. The value of Aiso(H) 
increases from 204 to 212 MHz if the refetence space is 
enlarged from 28 to 72 CSFs. Similar trends are fo.u.nd in 
the CCF and CXF studies. Further enlargement of the 
reference space should Iead to an increase in Aiso of about 
4-6 MHz. This can be seen from the calculation ~ing 146 
reference configurations and is supported by the CXF 
study in which up to ;J75 reference configurations were 
used in combination with a double zeta polarization 
(DZP) AO basis set. 

Another uncertainty in the theoretical predicted iso
tropic hfccs arises from the . equllibrium geometry of 
H2CN. As discussed above, vibrational etfects are of little 
importance. 14 Table V .lists the isotropic hfccs calculated at 
different structures, namely, the equilibrium structure oh
tained from the MCSCF-ACPF calculation and two geom
etries sugfested from the microwave study of Y amamoto 
and Saito (Saitol, and Saito2). The third structure given 
by the experimental investigation was not included, 1» 
cause at the Ievel of SR-ACPF, it is higher in energy by 
about 700 cm-1• The ROHF structure given by McManus 
et al 19 is included to compare the results to those given in 
Table IV. The geometrical parameters of the various struc
tures can be taken from Table II. The energetical dift'er
ences between the structures Saitol, Saito2, and MCSCF-: 
ACPF are smaller.than 160 cm-1

, indicating the very ftat 
nature of the potential energy hypersurface around the 
equilibrium geometry of the molecule. The MCSCF-ACPF 
structure has the lowest energy, but the Saitol structure is 
only 70 cm -l higher in energy. The changes in the isotro
pic hfccs calculated at the various geometries are signifi
cant. Comparing both experimental structures Aiso(H) 
varies by about 26 MHz, while a change of 8 MHz is found 
for A~so(C). For both centers, the variation consists of 
about 10% of the absolute values, while the isotropic hfccs 
of the nitrogen center are less sensitive. The values ob
tained for the MCSCF·ACPF structure are between· the 
calculated and both experimental geometries, being closer 
to the values of the Saito 1 sn:ucture. The va.riations in 
AisoCH) and Aiso(C) arise due to two opposite trends .. Go-
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T ABLB VI. Anisotropie hyperftne coupling constants (in megahertz) of H:zCN (X 2 B2). The values Df the 
present wprk were obtained with. the Duijneveldt AO basis in combination, with the MRD-CI/ Bx method. 

Hydrogen · Carbon NitrO$CD 

T a 
tlll Tbb . Ttlb T(JQ Tbb rtltl Tbb 

Saitolb 10.4 -3.8 ::!::3.8 16.2 2.9 -46.3 79.3 
Saito2., 8.9 -3.7 ±2.8 'i6.9 0.9 -4,.3 77.9 
MCSCF-ACPF 9.S -3.7 ::1:.3.1 16.7 1.7 -4,.7 78.S 
MRCr= 8.7 -2.2 ::!::4.2 16.0 1.7 -44.0 76.4 
Exp.4 8.3±0.1 -2.2:i:l.3._ -4S.1::!::0.1 80.4::!::0.1 

•For a comparison with the experimental results, the elements of the hyperfine tensor are given within the 
principal a:xis of the inertial tensor with T tltllying along Itl which in the present moleculc correspond to the 
twofold symmetry axis. Tbb lying along Ibis the second element of the hyperftne tensor_in the molecular 
plane. The last diagonal element (perpendicular to the molecular plane) can be obtained from the fact that 
the anisotropic tensor ia traccless. The outer diagonal clements T 4b for carbon and oxygen are zero by 
symmetry; for the hydrogen centers, they possess different signs. 

bt'he variqus. geometrica.l parameters can bc taken from Table IL 
~eference 10. · · 
4Reference 7. 

ing from the Saito 1 structure to the Saito2 structure, · the 
CN distance shortens and the HCH angle decreases. While 
an increase in the absolute value of Aiso ( C) results from the 
first inodification (Table 111), a decrease is found for the 
second. Similar effects exist for the hydrogen center. Sum
marizjng, we expect an uncertainty of about 5% for the 
isotropic hfccs of H2CN from innacuracies in the equilib
rium geometry .. Using the Saito2 structure, .. 4~so(H) calcu
lated in the present .study deviates only 6% from the ·ex
perimental value, while a deviation of 11% is found using 
the MCSCF-ACPF structure, although both geometries 
are very close in eilergy (AE=70 cm- 1

). For Ais0 (C), the 
agreement with the experimental value is good. Using the 
MCSCF-ACPF structure, a· deviation of 3% is found, 
while an error of only 0.2% is obtained at the Saito2 struc' .. 
ture. For A~so(N),.which is irisensitive to geometrical vari-· 
ations, the agreemen:t is excellent (0.2%). To .decrease the 
uncertainties in the isotropic hfccs, a very accurate equi:
libriutn ge<>metry, perhaps obtained by combining experi
mental and theoretical results,48 is necessary. The inftu
ences of higher excitations not taken into account in the 
present study ( 4-6 MHz), or of vibrational effects [3 MHz 
(Ref; ·14)] are less important; The inability of selected 
MRD-CI studies to predict isotropic hfccs is due to the 
negleet of the indirect contributions of those configurations 
not included in the configuration selected MRCI wave 
function, which in the present study has been incorporated 
via the BK correction. 

TABLB VII. Results of geometry optimization ofH2CQ+'using different 
methods. 

Me*od Rco. (pm) Ren (p~) t/JnCN Reference 

ROHF/4-310 · 123.4 108.1 123.6 10. 
ROHF/DZP 119 HO 124 47 
ROHF/6·310** 121 109 124.7 
MCSCF/IZP 120.8 112.3 119.1 10 
tiMP216-311 + + G** 119.S 111.1 12l.S 
QCISD (~j/6-310** 121.1 111.4 122.0 

The anisotropic hfccs are given in Table VI. All theo
retical values were calculated using the· MRD-CI/ BK 
method, but as already discussed in several works, 2.12 they 
are quite insensitive to the method of calculation. We have 
therefore left out of tabulating all results given in the lit
erature. Only the study of Feller and Davidson is included 
for comparison. The dependence on the geometry is also 
less prominent. 

IV. FORMALDEHYDE RADICAL CATION' 

':fhe geometry optimization of the formaldehyd~ .radi
cal cation (H2<;::o+) tumed o:ut to be less sen~itive, to the 
Ievel of correlation treatment. The results of th~ geometry 
optirnizations are given in Table VI~. The atomic distance 
of the C-0 bond is ,....121 pm with the QCISD(T)/~-
31 G*~ calculation, which is shorter . than the C-N bon.d 
distance in H2CN, indicating stronger double bond char
acter in H2co+. Tbe QCJSD(T)/6-310** calculatlon 
gave very similar results to the.:MR-ACPF treatments in 
the case of the H2CN molecule, so. further calculations 

TABLE VID. The isotropic hyperfine values of H1CO+. in its ground 
state (X 2 82) using different methods and basis sets (in megahertz). The 
QCISD(T)(6-3.10~* optimiZed geometry was used throu~out. 

Method AObasis. A(C) .4(0) A(~)' 

MRD-CI/BK chipman -102 . -S8 306 
MRD-CI/1J K Chipman+Peak· · -107 -63 318 .. 
UMP2 Chipman-t=Peak -108, -53 29S. 
UMP3 Chipman +Peak ~102. -61 271 
UMP4 Chipman +Peak -101 -S4 293 
QCISD' Chipman +Peak "'112 -67 313 
QCISD(T) Chipman +Peak -108 -66 319 
CCSD Chipman +Peak -111 ~69 309 
CCSD(T) Chipman +Peak -107 -6S 317 
BQ Chipman+ Peak -110 -70 30.6 
BD(T) Chipman+P~ -108 -67 318 
MRD-CI Chipman+ Peak -86 _;44 284· 
MRD-CIIBK . Chipman+ Peak . -107 -63 318 
MRD-CIIBx . Ouijneveldt -104 -67 324 
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T ABLE IX. Reported results of the isotropic hyperfine values (in niega-
hertz) ofH1CO+ mthe ground state (X 1B1). 

Method AO basis A(C) .. A(O) A(H) Reference 

MRCI ETO -67 -39 ; 224- .. 9 
SACCI DZ -81 -37 328 45 
SACCI STO -78 -39 312 46' 
CCSD DZP -104 -59 280 44 
MRD-CI+Bk Duijneveldt ....:,.;}04 -67 . 324 
Exp. 253 8 
Bxp. -109 37.2 6 

were not perform.ed. In Table VIII, the effects of different 
types of correlation treatment and of different AO bases on 
the isotropic hfce sets are studied. Let us first focus on the 
AO basis set. Upon addition of Gauss functions witb very 
high exponents ( "peak functions") to the Chipman basis, 
the value of the hydrogens is enlarged by about 12 MHz 
(MRD-CI/ BK calculations with and without peak). AJur
ther increase of 6 MHz is found if the AO basis set sug
gested by Duijneveldt29 also used in the H 2CN calculation 
is employed. However, the differences are small, so that the 
Chipman +Peak A.O basis. was chosen to $tudy the. irifb,t
ence of the correlation treatment. According to the calcu
lated isotropic hfccs; the methods can be divided into three 
groups. In . terms of .the absolute values, the uncorrected 
MRD-CI treatment gives the smaliest isotropic hfc-cs. The 
large deviations from. the experimental resu1ts are due to 
the neglect of the indirect eft'ects as already discussed for 
H 2CN. Better results are obt$ed with M0ller~Plesset per
turbation theory (UMP2-UMP4). However, the series of 
the M0ller-Plesset perturbatiort theory ( UMP2-UMP4) 
shows similar behavior as found for the CH molecule. 24 

The UMP:i values are ~urprising1y. g~od, but comparing 
UMP2, UMP3, and UMP4, some sort of error cancellation 
is obvious. Best agreement with the experimental results is 
obtained in the last group of. correlation treatments · oon
sisting ofQCISD(T), CCSD(T), BD(T), and MRD-CI/ 
Bx. Alltreatments yield very similar results. According to 
the present study, the MRD-CIJ BK results obtained with 
the Duijneveldt basis set should be the theoretically most 
founded. 

A comparison of the present study to theoretically pre
dicted isotropic hfccs taken from the Iiterature arid the 

experimental results is presented in Table IX." It · contains 
the values giv~~ . ]ly Feiler ~pd D~~idson ( MRD-CI/ 
ETG),!-_which are much too small. Another study was. 
performed by .Nakatsuij and .co-workers45•46 using the sytÜ
met~ adapted cluster-CL(SACCI) method. in cpmbina- . 
tion with very small AO basis ~ets .. While Ais0 (H) seems.to 
be quite good, the values obtained for both heavier 9enters 
are also too small, so that some sort. of error caricellation. 
can be assumeq. Especially, the size of the AO basis Sf!tS 
used in the latter studies ~~m to be insufficient. In -düfer--
ence to the oth~r theoretical investigations mentionend in 
Table IX, Nakatsuji and Izawa46 used Slater type orbitals 
(STOs) for the calculation of·theisotropic hfccs. They 
claimed that the inadequacy of the calculation of Feiler 
and Davidson was due to the use of Gaussian type orbitals 
( GTOs)" This is contrary. to the present study, which 
shows clearly that not the use of. GTOs, but rather the 
neglect of the indirect effects is the reason for _ worse agree
ment with the experimental data. A comparison of the 
CCSD and CCSD (T) calculations performed in the 
present work with the study of Sekino and Bartlett44 re
vea1s that the standard DZP AO basis set is not flexible 
enough for the calculation of spin densities. 

The isotropic hfccs obtained in the present work agree 
better with the experimental values · given by Knight and 
Steadman 7 obtained in a neon matrix than with those of 
Symons and co-workers measured8 in sulphuric acid. This 
is in keeping in lin:e with the intuitive assumption that the 
inftuence of the environment is smaller in the Ne matrix~ 
For the carbon center, the agreement is very good ( 104 vs 
109 MHz), while for Aiso(Hl, a deviation of 48 MHZ 
( 12%) 'is found: From ihe experience obtained with 
H2CN, two rhajor sources of errors have to be considered. 
First, it can be expected that, as for H2CN, the isotropic 
hfccs obtained in gas phase experiments will be · smaller iii ~ · 
magilitude than those ineasured in matrices. Uticertainties 
in the -theoretically determined isotropic hfccs arise from 
inaccuracies in the equihbrium geometries. Errors in the 
correlation treatment or the inftuence of the vibrational 
motion should be of lesser importance ( < lO.·MHz):· The 
anisotropic hfccs are given in Table X along with the ex
perimental values. Since the anisotropic hfccs do not de
pend so strongly :on the quality of theoretical treatment, we 
did not. include all theoretical calculations for. comparison. · 

TABLB X. Anisotropie hyper:fine coupling' constants (in megahertz) ofH2co+ (X 2 B2). The values ofthe 
present work were obtained with the Duijneveldt AO basis in combination with the MRD-CI/ ß x method. 

ESR/Ne matrixb 
ESR/sulphurie acid" 
MRD-Cld 
Present work 

•Notation (sec Table VII). 
bReference 8 .. 
~eference 6. 
dReference 10. 

T a 
tHl 

4.2±0.9 
4.5 
7.0 
5.8 

Hydrogen 

s.o' 
-2.8 

3.4 :idl.2 
3.3 ± 10.9 

Carbon 

r. Tbb 

10.3±0.9. 4,2±0.9 

8.4 8.1 
9.0 10.1 
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Oxygen 

TtlfJ Tbb 

140.8 -263.2 
135.3 .... 240.4 



2942 H. U. Suter and B. Engels: Study of ESR parameters 

V. CONCLUSION 

In the present paper, some open questions regardißg 
the disagreement between tlle theoreticaliy and experimen
tally determined isotropic hfccs of H2CN and H2CO + are 
investigated using the MRD-CI/ BK methöd. Generally the 
study shows that the failure of configuration selected 
MRCI calculations in predicting isotropic hfccs correctly 
is due to the slow convergence of the isotropic hfccs with 
respect to the number of configurations actually tak:en into 
account. As already shown in previous studies,22- 24 the er
ror can be corrected if the indirect intluence of the ne
glected 'configurations is considered via a modified B x 
method. For both molecules, the MRD-CI/ BK method 
gives ccimparable results to QCISD(T), CCSD(T), and 
BD(T)~ However, it should be noted that from the com
putational point of view, the MRD-CI/ BK method is less 
expensive. For H2CN, discrepancies between experiment 
and theory are due mainly to uncertainties in the molecular 
geometry. The energies-~of two geometries [Saitol and 
Saito2 (see Table IV)] suggested as equilibrium structures 
by Y amamoto and Saito düfer only by 160 cm- 1 

(MCSCF-ACPF calculation), while the corresponding 
isotropic hfccs differ. by 10% of the absolute value. The 
equilibrium structure obtained from a MCSCF-ACPF op
timization lies between both structures. Using the Saito2 
structure, the calculated values of the isotropic hfccs for 
H2CN are Aiso( 1H)=219 MHz, Atso( 13C)=81.1 MHz, 
and Ai10(

14N) =25.7 MHz. If for the hydrogens the influ
ence of further error sources such as vibrational effects 
( <2-3 MJ{z) and missing c.orrelation effects (4-6 MHz) 
are included, the disagreement between experiment and 
theory is less than 3% .. For H2co+, the agreement is 
somewbat worse---48 MHz in the case of Ais0 (H), but only 
5 MHz for the carbon center. However, in addition to 
uncertainties arising from the equilibrium structure, we 
expect that the isotropic hfccs determined from gas pbase 
experiments will be somewbat closer to the theoretical re
sults than those obtained in the matrices. 
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