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Ab initio one-, two-, and three-bond C-C, C-N, and N-N spin-spin coupling constants, and one-bond
C-H and N-H coupling constants have been computed using two different theoretical methods, SOPPA/
(qzp,qz2p) and EOM-CCSD/(qzp,qz2p). Both EOM-CCSD (equation-of-motion coupled cluster singles and
doubles) and SOPPA (second-order polarization propagator approximation) coupling constants correlate linearly
with experimental data. In the great majority of cases, the computed EOM-CCSD C-C, C-N, N-N, and
N-H coupling constants are in better agreement with experimental data than SOPPA values, although both
levels of theory provide reasonable estimates of these couplings. EOM-CCSD consistently underestimates
one-bond C-H coupling constants by about 10 Hz, and SOPPA values of 1J(C-H) are in better agreement
with experimental data. The performance of SOPPA supports its use in future studies of coupling constants
involving C, N, and H in larger chemical and biological systems.

Introduction

In previous papers of this series,1,2 we carried out systematic
comparisons of computed X-Y, X-F, and F-F spin-spin
couplings constants for series of molecules with the general
formulas HmXYHn, for X, Y ) 13C, 15N, 17O, and 19F. Included
in those studies were molecules with X and Y singly, doubly,
and triply bonded, as well as selected fluoro derivatives. The
coupling constant calculations were carried out with two
different theoretical methods, the second-order polarization
propagator approximation (SOPPA) and the equation-of-motion
coupled cluster singles and doubles method (EOM-CCSD).
However, since the EOM-CCSD method provides a higher-level
treatment of electron correlation, our observations that this
method usually gives better agreement with experiment were
not unexpected. Moreover, it was apparent that SOPPA coupling
constants could be significantly in error when coupling involved
the more electronegative elements O and F, since electron
correlation assumes increased importance in such systems.
However, we also observed that there were some couplings for
which the performance of SOPPA and EOM-CCSD was similar.

Since SOPPA is a much less expensive computational
method, we decided to further evaluate its performance relative
to EOM-CCSD and experiment by focusing on coupling
involving the less electronegative elements C, N, and H. C-C,
C-N, N-N, C-H, and N-H coupling constants can be
measured experimentally since all these nuclei have isotopes
with spin I ) 1/2, and are a source of important structural
information in chemical and biological systems. Our purpose
in the present study is to critique the performance of SOPPA
relative to EOM-CCSD and experiment for computing one-,
two-, and three-bond coupling constants nJ(C-C), nJ(C-N), and
nJ(N-N), and one-bond couplings 1J(C-H) and 1J(N-H). The

results of this study are useful for evaluating the reliability of
computed SOPPA coupling constants for future applications to
larger chemical and biological systems that are not feasible for
EOM-CCSD.

Methods

We have employed experimental geometries for molecules3-6

whenever possible in order to minimize the neglect of zero-
point vibrational effects on coupling constants.2,7 When these
were not available, we optimized structures at second-order
Møller-Plessetperturbationtheory(MP2)8-11withthe6-31+G(d,p)
basis set.12-15 Vibrational frequencies were computed to confirm
that these structures correspond to minima on their potential
surfaces. These calculations were carried out with the Gaussian
03 suite of programs.16

Spin-spin coupling constants involving 13C, 15N, and 1H were
computed using the SOPPA17-21 and the EOM-CCSD method
in the CI (configuration interaction)-like approximation,22,23 with
all electrons correlated. Both SOPPA and EOM-CCSD treat
explicitly electron correlation effects. SOPPA does this at
second-order. Because of its exponential ansatz, EOM-CCSD
introduces higher-order terms as products of singles and doubles
and thereby provides an improved treatment of electron cor-
relation. All of the coupling constants reported in this paper
were obtained with the Ahlrichs24 qzp basis set on 13C and 15N
and the qz2p basis set on 1H. Thus, the levels of theory may be
represented as EOM-CCSD/(qzp,qz2p) and SOPPA/(qzp,qz2p).
In the Ramsey approximation,25 the total coupling constant (J)
is a sum of four contributions: the paramagnetic spin-orbit
(PSO), diamagnetic spin-orbit (DSO), Fermi contact (FC), and
spin-dipole (SD). All terms have been computed for all
molecules. SOPPA calculations were performed using Dalton-
226 on the IQM computers, and the EOM-CCSD calculations
were done with ACES II27 on the Itanium Cluster at the Ohio
Supercomputer Center.
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Results and Discussion

Seventy-one experimentally measured coupling constants28-39

have been reported for the 31 molecules included in this study.
These molecules are listed by number in Table 1, beginning with

CH4 and followed by molecules with C-C single, double, and
triple bonds. The molecule furan has also been included in this
section. These 12 molecules are followed by NH3 and 9 neutral
molecules containing C-N single and double bonds, and then 3

TABLE 1: SOPPA, EOM-CCSD, and Experimental C-C, C-N, N-N, C-H, and N-H Coupling Constants (Hz)a

no./molecule coupling SOPPA EOM-CCSD exptl no./molecule coupling SOPPA EOM-CCSD exptl

1 CH4
b 1J(C-H) 125.3 117.8 125.31c 19 pyridine 1J(N1-C2) 0.9 0.5 0.67k

2 C2H6
b 1J(C-C) 37.7 34.6 34.6d 2J(N1-C3) 3.4 2.9 2.53k

1J(C-H) 124.8 117.3 124.9d 3J(N1-C4) -4.5 -3.9 -3.85k

3 (CH3)2CH2
1J(C-C) 39.0 36.0 34.6d 1J(C2-C3) 60.9 58.2 54.3d

2J(C-C) -2.1 -1.4 1J(C3-C4) 60.9 57.8 53.7d

CH2
1J(C-H) 124.1 116.5 125.4d 2J(C2-C4) -4.6 -3.3 -2.868m

methyl 1J(C-H) 123.1 115.8 124.4d 2J(C2-C6) -8.9 -7.1
4 (CH3)3CH 1J(C-C) 39.1 36.4 2J(C3-C5) -5.2 -3.6

2J(C-C) -1.2 -0.5 3J(C2-C5) 16.0 14.1 13.942m

C-H 1J(C-H) 125.2 117.5 20 pyrazine 1J(N1-C2) 1.4 0.7
methyl 1J(C-H) 122.9 115.5 124.0d 2J(N1-C3) 2.2 2.1
5 C(CH3)4

1J(C-C) 39.7 36.7 36.9e 3J(N1-N4) 2.5 1.8
2J(C-C) 0.0 0.7 1J(C2-C3) 59.9 58.0

methyl 1J(C-H) 123.0 115.7 123.3d 2J(C2-C6) -9.1 -7.4
6 cyclopropanef 1J(C-C) 14.6 13.2 12.4d 3J(C2-C5) 20.6 18.2

1J(C-H) 161.0 151.8 160.3d 1J(C-H) 184.2 171.7 182.7d

7 C2H4
b 1J(C-C) 75.0 71.1 67.6d 21 1,3,5-triazine 1J(N1-C2) 5.0 3.8

1J(C-H) 160.0 149.0 156.4d 2J(N1-N3) -0.2 -0.2
8 H2CdCdCH2

b 1J(C-C) 111.6 105.4 98.7d 3J(N1-C4) -6.8 -6.1
2J(C-C) 6.5 9.4 2J(C2-C6) -7.8 -6.8
1J(C-H) 172.8 159.0 167.8d 1J(C-H) 209.1 195.1 207.5d

9 furanb 1J(C2-C3) 78.5 76.0 69.1d 22 1,2,4,5-tetrazine 1J(N1-N2) -29.9 -24.6
1J(C3-C4) 56.6 52.8 2J(N1-C3) 2.5 2.7
2J(C2-C4) -0.6 0.8 3J(N1-N4) 7.6 4.2
2J(C2-C5) 3.9 3.6 1J(N2-C3) 12.8 11.0
1J(C2-H) 203.6 190.1 201.8d 2J(N2-N4) 4.8 2.1
1J(C3-H) 176.9 165.4 174.7d 3J(C3-C6) 36.0 31.7

10 benzeneb 1J(C1-C2) 63.1 60.3 55.9g 1J(C-H) 212.8 198.3 213.2n

2J(C1-C3) -4.4 -2.8 -2.46g 23 N2
h 1J(N-N) -4.8 -3.1 -2.5k

3J(C1- C4) 11.6 10.1 10.05g 24 N3Ho 1J(N1-N2) -18.0 -14.6 -13.95k

1J(C-H) 160.7 149.7 158.4d 1J(N2-N3) -10.8 -7.4 -7.2k

11 HCtCHh 1J(C-C) 198.6 194.9 174.8i 2J(N1-N3) -1.2 -0.8
1J(C-H) 259.8 240.0 249.0d 1J(N1-H) -75.1 -74.0 -70.2k

12 (CH3)CtCHb 1J(CtC) 197.6 193.7 25 H3C-CNb 1J(C-N) -13.5 -16.6 -16.2l

1J(C-C) 72.5 68.0 67.4g 1J(C-C) 67.1 63.8 60.12l

2J(C-C) 12.2 13.1 11.8e 2J(C-N) 3.6 3.0 2.9p

C-H triple 1J(C-H) 257.7 238.1 248.1d 1J(C-H) 137.1 127.5 134.0l

methyl 1J(C-H) 135.4 125.8 131.6d 26 NH4
+ 1J(N-H) -76.8 -73.5 -73.3k

13 NH3
1J(N-H) -63.9 -61.5 -61.4j 27 (CH3)NH3

+ 1J(C-N) -4.4 -3.8 <8q

14 (CH3)NH2
1J(C-N) -6.3 -5.7 -4.5k 1J(C-H) 149.6 140.7 145q

1J(C-H) 131.2 123.1 133d 1J(N-H) -77.9 -74.5 -74.92q

1J(N-H) -66.2 -63.5 -64.5k 28 (CH3)2NH2
+ 1J(C-N) -5.7 -5.0

15 (CH3)2NH 1J(C-N) -6.8 -6.1 2J(C-C) -1.0 -0.6
2J(C-C) -2.3 -1.6 1J(C-H) 147.0 138.2
1J(C-H) 130.7 122.7 1J(N-H) -78.1 -74.6 -76.53q

1J(N-H) -70.3 -67.5 -67.0k 29 (CH3)3NH+ 1J(C-N) -6.7 -5.8
16 N(CH3)3

1J(C-N) -5.8 -5.1 2J(C-C) -0.5 -0.1
2J(C-C) -1.8 -1.1 1J(C-H) 145.3 136.3 143q

1J(C-H) 130.7 122.8 131.5l 1J(N-H) -78.7 -75.1 -76.7q

17 H2CdNH 1J(C-N) -1.5 -1.9 30 (CH3)4N+ 1J(C-N) -7.2 -6.4 -5.5q

1J(N-H) -49.4 -46.8 2J(C-C) 0.0 0.4
cis to N-H 1J(C-H) 160.9 150.5 1J(C-H) 144.3 135.7 145q

trans to N-H 1J(C-H) 176.3 164.7 31 pyridinium 1J(N1-C2) -15.6 -14.7 -12.0k

18 pyrrole 1J(N1-C2) -16.7 -16.1 -12.98k 2J(N1-C3) 2.7 1.9 2.01k

2J(N1-C3) -4.4 -4.6 -3.92k 3J(N1-C4) -6.2 -5.5 -5.3k

1J(C2-C3) 74.1 71.5 -65.6d 1J(C2-C3) 66.0 63.0
1J(C3-C4) 61.9 58.7 1J(C3-C4) 58.2 55.3
2J(C2-C4) 0.3 1.6 2J(C2-C4) -3.9 -3.0
1J(C2-H) 187.9 175.4 183.3d 2J(C2-C6) -5.2 -4.2
1J(C3-H) 173.0 161.7 168.8d 2J(C3-C5) -4.1 -2.7
1J(N-H) -98.1 -93.4 96.5k 3J(C2-C5) 9.8 8.8

1J(N-H) -98.3 -93.3 -90.5k

a Geometries are optimized MP2/6-31+G(d,p) geometries except where noted; 1J(C-H) for methyl C-H couplings is the weighted average.
b Geometry from ref 3. c Reference 28. d Reference 29. e Reference 30. f Geometry from ref 4. g Reference 31. h Geometry from ref 5. i Reference
32. j Reference 33. k Reference 34. l Reference 35. m Reference 36. n Reference 37. o Geometry from ref 6. p Reference 38. q Reference 39.
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molecules with either C-N or N-N triple bonds. The final six
entries are the cations NH4

+ and its methyl derivatives and
pyridinium. Table S1 of the Supporting Information lists the
individual terms which contribute to the total coupling constants.

Coupling constants for many of the small molecules inves-
tigated in this study have been computed by others using various
methods, basis sets, and geometries.40-45 However, it is our
purpose in the present study to compare coupling constants
computed with two different theoretical methods, both of which
explicitly treat electron correlation effects, using the same
geometry and the same basis set. Thus, our focus is on
similarities or differences which can be directly attributed to
the two different methodologies, SOPPA and EOM-CCSD.

Some limitations of our treatment of the experimental data
should be noted. If more than one experimental value of a
particular coupling constant has been reported for a molecule,
we have used that one judged to be the most reliable. No
adjustments have been made for uncertainties in the experi-
mental assignments or for reported error bars. Finally, we have
not taken into account the fact that the experimental coupling
constants have been measured under different conditions, some
in the gas phase and others in solution, and no adjustments have
been made to account for possible interactions between the
solute and the solvent. It is not possible to state in general
the extent to which phase changes or solute-solvent interactions
influence coupling constants, since such changes depend on the
nature of the species, changes in molecular geometry, or the
strength of the interaction of the species with the solvent. Suffice
it to say that if the interaction is strong, as might be the case if
a relatively strong hydrogen bond were formed, such effects
could be appreciable.46,47 The very good agreement between
theory and experiment which will be evident below suggests
that for the molecules investigated in this study such effects do
not appear to have a dominant influence.

C-C Coupling Constants. There are 48 one-, two-, and
three-bond C-C coupling constants reported in Table 1, with
experimental data available for 19 of these. The majority of
these couplings are one-bond C-C couplings. Analysis of these
data is facilitated by bar graphs and plots which compare
corresponding SOPPA, EOM-CCSD, and experimental values.

One-Bond C-C Couplings. Figure 1 presents a bar graph
showing 21 computed SOPPA and EOM-CCSD one-bond C-C
coupling constants together with 14 corresponding experimen-
tally measured values. The numbering in Figure 1 follows the
listing of coupling constants in Table 1. It is apparent from
Figure 1 that all one-bond C-C coupling constants are positive,
ranging from about 10 Hz for molecule 6 (cyclopropane) to
about 200 Hz for 11 and 12 (HCtCH and H3CsCtCH).
SOPPA coupling constants are always greater than those of
EOM-CCSD, with the latter in better agreement with experi-
ment. With one EOM-CCSD exception, both EOM-CCSD and
SOPPA coupling constants overestimate experimental 1J(C-C)
values, with the largest error occurring for HCtCH.2

Figure 2 presents a plot of SOPPA and EOM-CCSD 1J(C-C)
values versus the corresponding experimental values. Also
shown in Figure 2 for comparison is a reference trendline which
has a slope of 1 and an intercept of 0.0 Hz. The equations of
the EOM-CCSD and SOPPA trendlines are

Thus, it is apparent that both SOPPA and EOM-CCSD
correlate linearly with experimental data, with the trendline for
EOM-CCSD closer to the reference trendline. However, the
slopes of both trendline are too high, reflecting the tendency of
both methods to overestimate one-bond C-C coupling con-
stants. A plot in which 1J(C-C) for the worst case (HCtCH)
is omitted only slightly reduces the slopes of the EOM-CCSD
(1.09) and SOPPA (1.13) trendline.

Two- and Three-Bond C-C Couplings. Figure 3 presents
a bar graph showing the 22 SOPPA and EOM-CCSD two-
bond C-C coupling constants 2J(C-C). The two-bond
couplings are rather small, ranging from about -10 to +15
Hz. Computed EOM-CCSD 2J(C-C) values are more positive

Figure 1. Bar graph comparing SOPPA, EOM-CCSD, and experimental 1J(C-C) values.

1J(EOM-CCSD) ) 1.12 1J(exptl) - 3.47
n ) 14; R2 ) 0.998 (1)

1J(SOPPA) ) 1.14 1J(exptl) - 1.12
n ) 14; R2 ) 0.999 (2)

Systematic Comparison of Coupling Constants J. Phys. Chem. A, Vol. 113, No. 45, 2009 12413



than corresponding SOPPA values, except for 2J(C2-C5) in
furan, in which case the SOPPA value is slightly greater (3.9
vs 3.6 Hz). There are only three experimental coupling
constants available for comparison. When two-bond coupling
occurs in the aromatic molecules 10 (benzene) and 19
(pyridine), 2J(C-C) is small and negative and EOM-CCSD
is in closer agreement with experiment. The two-bond
coupling constant in molecule 12 (H3CsCtCH) is positive
and SOPPA is in better agreement with experiment.

There are only five three-bond couplings 3J(C-C), which
range from about 10 to 35 Hz, and these are always greater
at SOPPA compared to EOM-CCSD. Only two of these have
been measured experimentally, and in both 10 and 19, the

EOM-CCSD values are in better agreement with experiment,
as evident from Table 1. A plot of the computed EOM-CCSD
and SOPPA 2J(C-C) and 3J(C-C) values versus the
experimental coupling constants is shown in Figure 4. This
plot illustrates once again the tendency of SOPPA to
overestimate absolute values of C-C coupling constants, as
indicated by the slope of the SOPPA trendline. The equations
of these lines are

Figure 2. SOPPA ((, green line) and EOM-CCSD (9, red line) 1J(C-C) vs experimental values and the reference trendline (2, orange line).

Figure 3. Bar graph comparing SOPPA, EOM-CCSD, and experimental 2J(C-C) values.

nJ(EOM-CCSD) ) 1.06 nJ(exptl) - 1.19
n ) 5; R2 ) 0.997 (3)
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for nJ(C-C) including both 2J(C-C) and 3J(C-C). Both
EOM-CCSD and SOPPA coupling constants correlate linearly
with experiment data, with the EOM-CCSD and reference
trendlines nearly superimposable.

C-N Coupling Constants. There are 24 one-, two-, and
three-bond C-N coupling constants reported in Table 1.
Experimental data are available for six of the one-bond
couplings, four two-bond couplings, and two three-bond couplings.

One-Bond C-N Couplings. Figure 5 presents a bar graph
comparing the EOM-CCSD, SOPPA, and experimental one-
bond C-N coupling constants. Bars labeled 1-3, 5, and 11-14
refer to C-N single bonds in neutral molecules and ions. For
these and the C-N bond in pyridinium (bar 15), 1J(C-N) is
negative, with the absolute value of the SOPPA coupling
constant greater than EOM-CCSD. Bars 4 and 10 represent the
double bond in 17 (H2CdNH) and the triple bond in 25
(H3CsCtN), respectively. These one-bond couplings are also
negative, with the absolute value of the EOM-CCSD coupling
constant greater than SOPPA. Bars 6-9 are one-bond C-N

Figure 4. SOPPA ((, green line) and EOM-CCSD (9, red line) 2J(C-C) and 3J(C-C) vs experimental values and the reference trendlines (2,
orange line).

Figure 5. Bar graph comparing SOPPA, EOM-CCSD, and experimental 1J(C-N) values.

nJ(SOPPA) ) 1.21 nJ(exptl) - 1.23
n ) 5; R2 ) 0.997 (4)

Systematic Comparison of Coupling Constants J. Phys. Chem. A, Vol. 113, No. 45, 2009 12415



couplings in the azabenzenes. These coupling constants are
positive, with the SOPPA values greater than EOM-CCSD. It
is also apparent from this figure that although the EOM-CCSD
values are in better agreement with experiment, both methods
yield similar coupling constants. The largest difference is found
for H3CsCtN, in which case the absolute value of the SOPPA
coupling constant is 3.1 Hz less than that of EOM-CCSD and
underestimates the experimental value by 2.7 Hz. Both SOPPA
and EOM-CCSD overestimate the absolute value of 1J(C-N)
for 18 (pyrrole) by 4 and 3 Hz, respectively.

Two and Three-Bond C-N Couplings. Figure 6 presents
a bar graph comparing computed and experimental two-bond
(bars 1-6) and three-bond (bars 7-9) C-N coupling constants.

2J(C-N) values from the azabenzenes, pyridinium, and
H3CsCtN are small and positive, while 2J(C-N) for pyrrole
is small and negative. The three-bond C-N couplings are also
negative at both levels of theory. Experimental data are available
for six of these nine coupling constants, and for all except
2J(C-N) in pyrrole, EOM-CCSD is in better agreement with
experiment. Figure 7 presents a plot of SOPPA and EOM-CCSD
one-, two-, and three-bond C-N coupling constants versus the
experimental values. The equations of the trendlines are

Figure 6. Bar graph comparing SOPPA, EOM-CCSD, and experimental 2J(C-N) (bars 1-6) and 3J(C-N) (bars 7-9) values.

Figure 7. SOPPA ((, green line) and EOM-CCSD (9, red line)1J(C-N), 2J(C-N), and 3J(C-N) vs experimental values and the reference trendline
(2, orange line).

nJ(EOM-CCSD) ) 1.12 nJ(exptl) - 0.20
n ) 12; R2 ) 0.987 (5)

12416 J. Phys. Chem. A, Vol. 113, No. 45, 2009 Bene et al.



The computed values of the C-N coupling constants at the
two levels of theory agree with each other better than they agree
with experiment, and the slopes of the trendlines are too high.
As evident from Figure 6, both methods overestimate the
absolute values of 1J(C-N) for pyrrole and pyridinium, but
SOPPA also underestimates the absolute value of 1J(C-N) for
H3CCtN, which leads to a lowering of the SOPPA correlation
coefficient.However,noneof thecomputedvalues isunreasonable.

N-N Coupling Constants. There are only nine one-, two-,
and three-bond N-N coupling constants in the set of molecules
and ions included in this study, and experimental data are
available for only three one-bond N-N couplings. The values
of these coupling constants are represented in the bar graph of
Figure 8. Bars 1 and 3 are one-bond couplings across N-N
single bonds, while bars 2 and 4 are one-bond couplings across
N-N triple bonds. The absolute values of the SOPPA coupling
constants are greater than the EOM-CCSD coupling constants,
and both overestimate the experimental values, although EOM-
CCSD 1J(N-N) values are in better agreement with experiment.
The two-bond couplings are essentially zero in 21 (1,3,5-
triazine), positive in 22 (1,2,4,5-tetrazine), and negative in 24
(N3H). The three-bond couplings in 20 (pyrazine) and 22 are
positive, with the SOPPA values greater than those of EOM-
CCSD.

C-H Coupling Constants. There are 31 one-bond C-H
coupling constants in the molecules and ions included in this
study, with experimental values available for 26 of these. Figure
9 provides a comparison of EOM-CCSD, SOPPA, and experi-
mental data. It is apparent from this figure that C-H coupling
constants are always positive and range from about 100 to 250
Hz. For these C-H couplings, SOPPA values are always greater
than those of EOM-CCSD and are in better agreement with
experimental values. As evident from Figure 9 and Table 1,

the computed EOM-CCSD coupling constants underestimate
experimental C-H coupling constants by about 10 Hz. This is
the only case found in this and our previous studies in which
the performance of SOPPA is superior to that of EOM-CCSD.
The better agreement between SOPPA and experimental C-H
coupling constants can also be seen in Figure 10, which shows
a plot of EOM-CCSD and SOPPA coupling constants versus
experimental values. A reference point at (0,0) has been added
for both methods. The equations of the trendlines are

Although statistically there appears to be little difference
between the two methods, the SOPPA trendline can be seen
to lie almost on top of the reference trendline.

N-H Coupling Constants. Experimental coupling con-
stants have been measured for 10 of the 11 one-bond N-H
couplings found in the molecules and ions included in this
study. These are illustrated for comparative purposes in
Figure 11. All one-bond N-H coupling constants are negative
and range from about -50 to -100 Hz. The absolute values
of SOPPA coupling constants are always greater by about 5
Hz than the corresponding EOM-CCSD coupling constants,
with the latter usually in better agreement with experiment.
Figure 12 provides a plot of EOM-CCSD and SOPPA versus
experimental N-H coupling constants. A reference point at
(0,0) has been added for both methods. The trendline
equations are

nJ(SOPPA) ) 1.10 nJ(exptl) - 0.17
n ) 12; R2 ) 0.940 (6)

Figure 8. Bar graph comparing SOPPA, EOM-CCSD, and experimental 1J(N-N), 2J(N-N), and 3J(N-N) values. Bars 1-4 arise from coupling
across N-N single bonds; bars 5-7 correspond to coupling across N-N double bonds; bars 8 and 9 correspond to coupling across N-N triple
bonds.

1J(EOM-CCSD) ) 0.96 1J(exptl) - 2.03
n ) 26; R2 ) 0.998 (7)

1J(SOPPA) ) 1.03 1J(exptl) - 3.36
n ) 26; R2 ) 0.996 (8)

Systematic Comparison of Coupling Constants J. Phys. Chem. A, Vol. 113, No. 45, 2009 12417



For these one-bond N-H couplings, the EOM-CCSD and
reference trendlines are essentially superimposable.

Conclusions

C-C, C-N, N-N, C-H, and N-H spin-spin coupling
constants have been computed using two different theoretical

methods, SOPPA/(qzp,qz2p) and EOM-CCSD/(qzp,qz2p), both
of which explicitly treat electron correlation effects. The
computed values have been compared with each other and with
experimental data. The following statements are supported by
the results of this study.

1. Both EOM-CCSD and SOPPA overestimate one-bond
C-C couplings. The SOPPA values are greater than those of
EOM-CCSD, with the latter being in better agreement with
experiment. One-, two-, and three-bond EOM-CCSD and
SOPPA C-C coupling constants correlate linearly with experi-
mental values, with EOM-CCSD usually in better agreement
with experiment.

Figure 9. Bar graph comparing SOPPA, EOM-CCSD, and experimental 1J(C-H) coupling constants.

Figure 10. SOPPA ((, green line) and EOM-CCSD (9, red line) 1J(C-H) vs experimental values and the reference trendline (2, orange line). A
point at (0,0) has been added for both methods.

1J(EOM-CCSD) ) 0.99 1J(exptl) - 0.79
n ) 10; R2 ) 0.993 (9)

1J(SOPPA) ) 1.04 1J(exptl) - 0.19
n ) 10; R2 ) 0.995 (10)
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2. Although one-bond EOM-CCSD C-N coupling constants
are in better agreement with experimental data, the computed
values at the two levels of theory are similar. Moreover,
computed two- and three-bond C-N coupling constants at the
two levels of theory are in better agreement with each other
than with experimental data, although both correlate linearly
with experiment.

3. One-, two-, and three-bond N-N coupling constants
computed at EOM-CCSD and SOPPA are similar, with the
EOM-CCSD values usually in better agreement with experi-
mental data.

4. SOPPA one-bond C-H coupling constants are in better
agreement with experimental values than EOM-CCSD. The
EOM-CCSD coupling constants underestimate 1J(C-H) by
about 10 Hz.

5. The absolute values of one-bond SOPPA N-H coupling
constants are about 5 Hz greater than EOM-CCSD values,
with the latter usually in better agreement with experimental
data.

6. Both EOM-CCSD and SOPPA provide good estimates of
coupling constants involving C, N, and H. The performance of
SOPPA supports its use in future studies of couplings involving

Figure 11. Bar graph comparing SOPPA, EOM-CCSD, and experimental 1J(N-H) values.

Figure 12. SOPPA ((, green line) and EOM-CCSD (9, red line) 1J(N-H) vs experimental values and the reference trendline (2, orange line). A
point at (0,0) has been added to both methods.
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these atoms in larger chemical and biological systems which
are not feasible for EOM-CCSD.
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(d) Helgaker, T.; Jaszuński, M.; Pecul, M. Prog. Nucl. Magn. Reson.
Spectrosc. 2008, 53, 249.

(8) Pople, J. A.; Binkley, J. S.; Seeger, R. Int. J. Quantum Chem.
Quantum Chem. Symp. 1976, 10, 1.

(9) Krishnan, R.; Pople, J. A. Int. J. Quantum Chem. 1978, 14, 91.
(10) Bartlett, R. J.; Silver, D. M. J. Chem. Phys. 1975, 62, 3258.
(11) Bartlett, R. J.; Purvis, G. D. Int. J. Quantum Chem. 1978, 14, 561.
(12) Hehre, W. J.; Ditchfield, R.; Pople, J. J. Chem. Phys. 1982, 56,

2257.
(13) Hariharan, P. C.; Pople, J. A. Theor. Chim. Acta 1973, 28, 213.
(14) Spitznagel, G. W.; Clark, T.; Chandrasekhar, J.; Schleyer, P. v. R.

J. Comput. Chem. 1982, 3, 363.
(15) Clark, T.; Chandrasekhar, J.; Spitznagel, G. W.; Schleyer, P. v. R.

J. Comput. Chem. 1983, 294.
(16) Frisch, M. J. et al. Gaussian 03; Gaussian, Inc.: Wallingford, CT,

2004.
(17) Enevoldsen, T.; Oddershede, J.; Sauer, S. P. A. Theor. Chem. Acc.

1998, 100, 275.
(18) (a) Geertsen, J.; Oddershede, J.; Scuseria, G. E. J. Chem. Phys.

1987, 87, 2138. (b) Oddershede, J.; Geertsen, J.; Scuseria, G. E. J. Phys.
Chem. 1988, 92, 3056.

(19) (a) Nielsen, E. S.; Jørgensen, P.; Oddershede, J. J. Chem. Phys.
1980, 73, 6238. (b) Oddershede, J.; Jørgensen, P.; Yeager, D. L. Comput.
Phys. Rep. 1984, 2, 33.

(20) Packer, M. J.; Dalskov, E. K.; Enevoldsen, T.; Jensen, H. J. Aa;
Oddershede, J. J. Chem. Phys. 1996, 105, 5886.

(21) Dalskov, E. K.; Sauer, S. P. A. J. Phys. Chem. A 1998, 102, 5269.
(22) Perera, S. A.; Sekino, H.; Bartlett, R. J. J. Chem. Phys. 1994, 101,

2186.
(23) Perera, S. A.; Nooijen, M.; Bartlett, R. J. J. Chem. Phys. 1996,

104, 3290.
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