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The nuclear quadrupole interaction (NQI) parameters foftNenucleus, namely, the quadrupole coupling
constant €qQ) and asymmetry parameten)(have been obtained through first-principles HartrEeck
investigations on cocaine free basa4@%i:NO,). The calculated value-5.038 MHz ofe?qQis in very good
agreement with the experimentally observed magnitude of 5.022&¢q; and the small value 0.067 fgr

is in keeping with the value of 0.0395 from nuclear quadrupole resonance measurements. These results
provide strong support for the nature of the electron distribution in the cocaine molecule, including its anisotropy
around thé“N nucleus, obtained by the first-principles Hartréeock method, in common with the conclusion

from recent investigations on the energetic molecules RDX (1,3,5-triitr@zine, GHsNOg) andS-HMX
(octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocing]4BlsOs). Additional support for this conclusion is provided

by the fact that the positions of three hydrogen atoms in cocaine obtained from structural measurements were
reported erroneously in the literature and were redetermined in the present work through total energy
minimization by the HartreeFock procedure, the calculated results égQ and# for N being based on

these corrected H positions. Possible sources that could resolve the small but significant difference for
between theory and experiment are discussed. The calculated NQI parametédsdind?H (deuteron) are
presented for cocaine with the hope that they will be measured in the future to allow comparison with theory
and thus provide a more complete picture of the electron distribution in this molecule.

I. Introduction observed experimentalfy. At room temperature, 295 K, the
observed values of the nuclear quadrupole coupling constant
(29gQ) and asymmetry parameten)(are 5.0229 MHz and
0.0395, respectively. Our aim in this paper is to examine how
well one can explain these observed parameters from electronic
structure investigations using a first-principles procedure. We
have used the variational HartreEock—Roothaan procedufe

for the present investigation with the variational functions used

Recently there is considerable intefé€sin the study of the
spectroscopic properties of molecules of physiological interest.
A property of special interest is the nuclear quadrupole
interaction of thé“N nucleus in cocaine free base;{8,1NO,),
which is well known for its narcotic effects. A major reason
for the present study is that recently there is substantial effort

i 3 14 i
being madé® to use N as a sensor, for the detection of being based on Gaussian basis functfriis, common use

compounds with physiological or energetics Interest, using currently because of the economy involved in the computation
nuclear quadrupole resonance (NQR) spectroscopy. Since the

frequency of the NOR signal depends upon the NQI paranfeters of matrix elements of the Hamiltonian in the Hartrefeock

- . o formalism. The nuclear quadrupole interaction parameters for
equa?”d’? for the nucleus in guestichwhich in turn depend o yorong replacing the protons in this molecule andfor
sensitively on the nature of the electron distribution in the

neighborhood of the nucleus of interest, the quantitative nuclei at the oxygen positions have also been determined in
undgerstandin of the latter from a first- r,inci Ieg uantum our work with the expectation that they will be measured in

. Y . ) . -principles g the future. Comparison with our predicted results will then
mechanical study is of primary interest in this context. Ad-

o > L . L rovide additional tests of the correctness of the calculated
ditionally, this information is also important to obtain insights P 0 ° °

. . . electron distributions in the present work.
about the changes in the nuclear quadrupole interaction param- - : :
In section Il we have discussed briefly the procedure

eters when one introduces molecular groupst can interact employed for the present study. Our results and discussion are

with the basic molecule and change the geometry and the resented in section Ill. Section IV summatrizes the conclusions
electron distribution. In the present paper, we have investigatedp R . )
from our analysis with possible suggestions for future work that

the electronic structure of cocaine free base, for which experi-
. - . p would be useful to broaden our knowledge of the electron
mental information on thé&N nuclear quadrupole interactidn e TP
. distribution in this system.
has recently become available.
In cocaine there is on¥N nucleus, and hence only one set
. . ) Il. Procedure
of nuclear quadrupole interaction parametetgQ and % is
As pointed out in the preceding section, we have used the

® Abstract published ifAdvance ACS Abstractguly 15, 1997. Gaussian-based variational Hartrdéock—Roothaan® proce-
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Figure 1. Atomic arrangement in cocaine free baseAGiNO4). This arrangement is based on the atomic coordinates given in ref 10 except for
hydrogens 2224, which have been determined by the energy optimization procedure discussed in the text, the coordinates for the latter three
atoms being presented in Table 1. A gap has been introduced in the line joining C(6) and C(7) to indicate thatte€19j&)ond is above the
C(6)—C(7) bond, the atoms C(1) and C(5) through C(7) lying below the N(8) atom and C(19) above the latter.

dure to determine the energy levels and wave functions for the distance. All the other bond distances were found to be in the
electrons. This procedure is documented extensively in the range expected both from the covalent radii for the atoms
literature and hence will not be presented here in detail. Only concerned and from the observed bond distances in other
a few points related to the present investigation will be molecules. In particular, all the rest of the CH bond distances
discussed. Since the current system involves an even numbeivere in the expected range of 1:06.09 A. To obtain the
of electrons, it is sufficient to use the restricted HartrEeck correct positions for the three hydrogen atoms H{22j24),
approximatiofl in which both the spin up and spin down we followed an optimization procedure that requires one to
electrons in a particular orbital state have the same molecularminimize the total HartreeFock energy with respect to
orbital wave function. We have used linear combinations of simultaneous variations in the positions of these three hydrogens.
Gaussian basis functiohéor our variational Hartree Fock— But such a procedure for a molecule like cocaine involving 162
Roothaan investigations, as is the current practice, since, aselectrons is quite time-consuming. Hence we followed a
mentioned in section |, this allows fast evaluation of multicenter procedure involving a few simplifications. First we truncated
integrals in molecular problems. this large molecule with 43 atoms to two smaller fragments
The atomic arrangement in cocaine free base is depicted inconsisting of 17 and 24 atoms, respectively, the two sizes being
Figure 1, which consists of 43 atoms and 162 electrons. The used to study convergence with respect to cluster sizes. In both
positions of the various atoms in the molecule, other than these cases, the ends of the two truncated fragments are
hydrogen, are obtained by X-ray diffraction measurements in approximately equidistant from the nitrogen atom, whose nuclear

cocaine hydrochloride moleculé. For obtaining the hydrogen
positions, a three-dimensional Patterson andlysis used
together with the results from X-ray diffraction. However, in

guadrupole interaction parameters are of interest to us. The
truncated end is terminated with hydrogen atoms as one does
in the Hartree-Fock cluster procedure in solid state systéfns.

the publicatio®® presenting the structure, there were some The second simplification that we have used is to choose a
problems with the positions of three of the hydrogens in cocaine, minimal basis set involving the STO-3G approximatiémhere
namely, H(22), H(23), and H(24) in Figure 1. When we three Gaussians are used to represent a single Slater exponential
analyzed the distance matrix, taking the positions from the orbital for each state of the atom. Although the STO-3G basis
published structure, we found the corresponding CH bond set does not have as much flexibility for variational calculations
distances to be 6.6, 7.19, and 6.86 A, respectively, which are as other larger basis sets have, it can provide a reasonably

very high compared to 1.09 A, the ustfasingle-bond CH

accurate description of the geometry of the molecules while
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TABLE 1: Results for Selected Hydrogen Position% TABLE 2: 1N Nuclear Quadrupole Coupling Constant and
Obtained through Energy Optimization in Cocaine Free Asymmetry Parameter for Cocaine Free Base System
Base System
e . &4Q (MH2) n
cluster siz nuclef X Y z L(CH) cluster sizé  basis set theory expt theory expt
17 H(22) ~ 5966 —2604 8383 1112 17 STO36 -5736 50229 0024 0.0395
17 H(23) 7.705 —4.193 5.830 1.093
B 24 STO-3G —5.682 5.0229 0.033 0.0395
17 H(24) 7.939 2.811 4.727 1.084
43 STO-3G  —5.673 5.0229 0.030 0.0395
24 H(22) 5972 —2.632 8.395 1.101
_ 24 D95V —4983 5.0229 0.046 0.0395
24 H(23) 7.705 4.193 5.830 1.093 43 D95 5030 50229 0068 0.0395
24 H(24) 7.939 —2.812 4727  1.084 v e : : :
24 D9® —4990 5.0229 0.045 0.0395
aH(n) in the table refers to the position of the hydrogen labeled by 43 D95 —5.038 5.0229 0.067 0.0395

nin Figure 1. These hydrogens are the ones whose positions appeared
to be erroneous in ref 10 for the molecular structure and have been
redetermined here through energy minimization for the cocaine
molecule. X, Y, andZ refer to the same coordinate system used in ref
10.° Refers to the number of atoms used in the truncated fragment
employed in the energy optimization calculatiéiRefers to the lengths

of the CH bonds between the hydrogen atoms and their nearest carbon . ) .
neighbors. representing the magnitudeRf,, the distance between the latter

_ _ nucleus and nucleud. In the second term on the right in eq
reducing the computational effort, as has been seen from ani, the summation ovex is carried out over all the occupied
earlier investigation in & fullerene}® where the use of the STO-  orbitals,, representing the wave functions for i occupied
3G basis set led to €C bond distances within 2% of orbital. The factor 2 arises from the summation over the spin
expenm_e_ntal results. Using these simplifications, we optimized up and spin down states since both states have the same wave
the positions of the three hydrogens, H(22), H(23), and H(24), functions because of the zero total spin for the molecule. In
in both the 17 and 24 atoms clusters. Minimization of the total this second term; refers to the magnitude of, the position
Hartree-Fock energies for these two clusters with respect to vector of the electron with respect to the nucleus at the site of
the variation of these three hydrogen positions, for which the which the efg is under studyr; and r¢ representing the
published position parameters were apparently incorrect, leadscomponents of this position vector. The field gradient tensor
to bond distances for these hydrogens with respect to their with component¥/j obtained from eq 1 is diagonalized to give
nearest neighbor carbon atoms of 1.11, 1.09, and 1.08 A for the principal componentsjx. The parameteq in the quad-
the 17-atom cluster, almost identical with the values 1.10, 1.09, rupole coupling constar#qQ, whereQ is the nuclear quad-
and 1.08 A found for the 24-atom cluster as listed in Table 1. rupole moment, is given by principal componaft with the
These results suggest that there is a very good convergence iffargest magnitude. The convention for choosing the principal
the positions of the three hydrogen atoms with respect to the axes ', Y', Z) is sucH that |Vix| < [Vyy| < |Vzz|, and the
sizes of the clusters chosen. The good agreement between thasymmetry parameter= (Vyxx — Vyy)/Vzz. It should be noted
two sets of CH bond distances suggests that the hydrogenthat since we are dealing with all the electrons in our calculation
positions obtained either from the 17-atom cluster or the 24- including the core electrons as well, Sternheimer shielding (or
atom cluster can be considered to be representative of the wholeyntishielding)? effects are directly includet;8and hence there
cocaine molecule with little loss of accuracy. Additionally, since s no need to introduce them through Sternheimer shielding (or
these hydrogen atoms are two to three atoms away from theantishielding) parametetg.
nitrogen atom containing thé*N nucleus, whose nuclear
quadrupole interaction is of interest, any small errors in our

calculated positions for these atoms is not expected to signifi- influence the efg tensor more sensitively than the total energy
cantly affect the calculated electric field gradient tensor at the and interatomic distances, because these properties involve
14N site. From these considerations, we have made use of the X

> X averages over the entire region of the molecule, while the efg
positions for the hydrc.)g(.ans.H(2_2), H(23), and H(24) which are tensor involves the region near the vicinity of the nucleus under
obtained from the optimization in the larger 24-atom cluster as

. . > study. Because of this reason, we have studied the efg tensor
representative of the full cocaine molecule for our electronic

. o i e _ with three basis sets, the STO-3G basid“sas well as two
structure investigations to obtain the electric field gradient tensor more extensive basis sets referred to as D95v andD9%he
(efg) at the*N nucleus, for study of its NQI parameters.

; . literature, which were utilized in our earlier investigati®ffs
The efg tensor components at the nucleus are obtained using - the energetic molecules RDX afieHMX. The D95v basis
the following expression<! set allows for much more flexibility than STO-3G in the
2 variational calculation of the valence molecular orbitals, the D95
(?’RjNRkN — Ry 6jk)
—2) (Y, Yy

a Refers to the different cluster sizes used with nitrogen as origin,
with 43 atoms referring to the complete cocaine molecu&TO-3G

basis sets are taken from ref 14; D95v and D95 basis sets are taken
from ref 19.¢ Experimental results are taken from ref 2, only the
magnitude ofe’qQ having been determined but not its sign.

The choice of the basis functions determines the accuracy of
the molecular orbital wave functiorg, and is expected to

2
_ he—r 6J'k basis function in addition allowing for increased flexibility in
Vik= Z N 5 5 . the core orbital wave functions, a property that is very important

Ry " r for the incorporation of Sternheimer shielding or antishielding

(1) effects in the components of the efg tensor. The latter choice

of D95 basis set was found in earlier investigations on RDX
the indices andk ranging from 1 to 3 representing the Y, and-HMX and other systems to lead to results that changed
andZ coordinates. The first term on the right-hand side of eq very little on uncontractirf'®2°some of the contracted Gaussian
1 represents the contribution from the nuclear charges in thebasis functions used in the D95 basis set suggesting that good
molecule, and the second term represents the contributions fromconvergence has been reached for the efg tensor with respect
the electrons. In the first terndy is the nuclear charge for the  to choice of basis functions. We have calculated the nuclear
Nth nucleus,Ry and R representing the components of the quadrupole coupling constan&qQ) and asymmetry parameters
position vectorRy for the Nth nucleus with respect to the (y) for both the truncated fragments as well as for the full
nucleus at which the efg tensor is being studied, W& cocaine molecule, with the results presented in Table 2. The
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theoretical evaluation o&qQ requires a knowledge of the to the anisotropy of the electron distribution near bl
nuclear quadrupole mometof the 1*N nucleus for which we nucleus. It can also be seen from the comparison of the results
have used the value 0.015 bafres in earlier work. This choice  for the D95v basis set in rows four and five of Table 2 and six
of Q is obtained! from an accurate many-body calculation of and seven for the more flexible D95 basis set that both these
the efg in the ground state of the nitrogen atom for which the basis sets lead to results very close to each other when applied
experimental value fog?qQis available. To have an idea about to similar size clusters. Since the D95 basis set allows for more
the sizes of basis sets used for the molecular orbital calculationflexibility for the core-like molecular orbitals than D95v, the
for the full cocaine molecule containing 162 electrons, the STO- close agreement between the results with both basis sets
3G choice involves 131 basis functions and 393 primitive indicates that Sternheimer shielding effects are weak. This result
Gaussians, D95v involves 240 basis functions and 634 primi- is not unexpected for nitrogen, from earlier shielding investiga-
tives, and D95 involves 262 basis functions and 612 primitives. tions in light atomic system&and from many-body investiga-
tions in nitrogen atomM! From here on, for the rest of this
Ill. Results and Discussion section, we shall only refer to the results from the D95 basis
sets, since both D95v and D95 lead to nearly identical results.
It is worthwhile to remark here that the difference between
results with the STO-3G and D95 basis sets is more pronounced
for  than fore?qQ. This trend can be understood from the
fact* that theN quadrupole coupling constant depends on a
single componend;,, of the efg, whereag; involves the
difference between the principal componevitg andVyy. One
"therefore expecty to depend more sensitively on the wave
functions for the occupied molecular orbitals and hence on the
choice of the basis set. In making quantitative comparisons
with experiment, it is important to remember that the STO-3G
approximation represents the use of a rather limited basis set
for the variational calculation of molecular orbital wave func-
tions. Since, in principle, the more flexible basis sets are
expected to provide wave functions that are more accurate from

therefore the atomic positions for pure cocaine were taken from a theoretical point of view, it is justifiable to consider the results
tha analysis of cocaine hydrochlorith However, as mentioned with the D95 basis setto be more representative than STO-3G
in section II, the published positions of H(22), H(23), and H(24) of what one expects within the framework of the Hartré®ck

appeared to be erroneous because they led to very large C,_ppproximation. Therefore itis appropr?ate to compare only the
bond distances corresponding to their nearest carbon neighborstneoretical results for the D95 case with experiment. In light
f this argument, one cannot attach too much significance to

and we have redetermined these positions through energy® )
minimization. The corresponding coordinates of these protons the fact that the results for the STO-3G case are in somewhat

and associated bond distances are listed in Table 1. A lesser agreement with experiment ®qQ and better fon;.
determination of all the atomic coordinates in cocaine based 1€ only important feature is the fact that both STO-3G and
on energy optimization for the pure cocaine molecule starting D95 basis sets lead to small values;oin qualitative agreement
with the coordinates from cocaine hydrochloride would have With experiment, suggesting that the electronic environment
been too time-consuming. around the"N nucleus has symmetry close to axial.

In Table 2 we have presented the results for BB4Q and Comparing our results from the seventh row involving the
7 in cocaine, the first two rows representing the results for the D95 basis set and the whole molecule used as a cluster with
truncated fragments with 17 and 24 atoms described in sectionexperimental results, the experimental value é1Q is seen
Il, the third row referring to the full (43 atoms) cocaine to be in excellent agreement with theory, whijlés significantly
molecule. In all these three cases we have used the minimaldifferent from experiment. There could be a number of possible
basis set STO-3& In the fourth and fifth rows we have reasons for the quantitative difference between the experimental
presented the results for the 24-atom fragment and the full and theoretical values of. One of the reasons could be that
molecule with the more flexible basis set D95vIn the sixth the atomic positions employed in the present investigation are
and seventh rows the results for the D95 basi¥ see listed. based on the structure of cocaine hydrochloride obtained from
From the results from the first three rows of Table 2, corre- X-ray studies’® It is possible that if one removed the HCI
sponding to the STO-3G basis set, one can see that there issubunit from the cocaine hydrochloride structure, there may be
good convergence ig°qQ with respect to the sizes of the some rearrangement in the positions of the various atoms within
clusters chosen. Similar convergence is also observed from thethe cocaine molecule. In order to take this into account, a full-
fourth and fifth rows with the extended basis set D95v and also fledged optimization is required for the positions of all the atoms
from the sixth and seventh rows for D95. These results suggestin cocaine, which would be very time-consuming because of
that in the future one could truncate a large molecule to a smallerthe large size of the cocaine molecule. The second possibility
cluster for economy of computational time in attempting to is the process by which the cocaine hydrochloride structure has
determine the efg tensors at the nuclei of interest and obtainbeen determined. The X-ray analysis, combined with Patterson
reliable results without significant loss of accuracy, provided analysis to determirié the hydrogen positions in cocaine
reasonable cluster sizes are chosen. hydrochloride, is likely to be not as accurate as one would expect

Next, examining Table 2 for the results obtained for different from the application of the neutron diffraction procedt#@he
basis sets, namely, STO-3G, D95v, and D95, there is a third possibility is that the experimental valdes €2qQ andy,
significant difference between the results for betgQ andy which we are comparing with our theoretical results, are
for the STO-3G basis set and the two other basis sets. Thisobtained in the crystal, whereas our theoretical investigation
difference is not unexpected since the efg tensor is very sensitivewas carried out for a single molecule. Intermolecular interac-

We turn next to the results of our calculation for the nuclear
guadrupole interaction parametefsQ andy for the 1N, 170,
and ?H nuclei following the procedure for obtaining the
electronic wave functions and the evaluation of the efg tensor
components described in the preceding section.

As regards the geometry, as briefly mentioned in section II,
we have utilized the position parameters of the various atoms
based on the structural d&abtained from X-ray analysis of
cocaine hydrochloride. For determining the hydrogen positions
in cocaine hydrochloride, a three-dimensional Patterson analy-
sist! was carried out with the aid of theKl) Patterson functiort
for cocaine hydrobromide based on théljGelectron density
map of cocaine hydrochloride. It would have been preferable
to use the position coordinates in pure cocaine itself, but
unfortunately such information is not available currently, and
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TABLE 3: Nuclear Quadrupole Coupling Constants and is somewhat higher. This suggests that the bonding for all the
Asymmetry Parameters for 1’0 and ?H in Cocaine Free Base  H atoms to its nearest neighbor carbon atoms are essentially
System like the bonding in methane or benzene molecules, with the

nuclei €qQ (MHz) U CH bonds essentially isolated from neighboring groups. This
H(9) 0.239 0.063 is supported by the geometri€f the hydrogen around the
H(10) 0.245 0.039 carbon atoms to which they are bonded, which indicate that
H(11) 0.228 0.168 the bonds with these atoms are disposed in a nearly tetrahedral
Egg 8-328 8-8‘1% or trigonal manner. The geometry for the locations of the
H(14) 0.232 0.051 neighboring atoms around H(43) suggests a possible explanation
H(15) 0.286 0.027 for the largere?qQ for the deuteron at this position, namely,
H(16) 0.236 0.059 the relatively strong interaction between the neighboring O(35)
H(17) 0.258 0.015 and H(43) attached to C(32). This expectation is based on the
Eggg 8-3?3 8-828 facts that the C(32)H(43) bond distance is only 0.93 A,
H(23) 0.212 0.054 substantially smaller than the correspo_nding distances of the
H(24) 0.208 0.100 other two H atoms H(41) and H(42) which are also bonded to
H(36) 0.253 0.038 C(32); the bond angle H(43)C(32)-0(35) is 95.2, signifi-
H(37) 0.243 0.068 cantly smaller than the ideal tetrahedral bond angle of 109.47
H(38) 0.256 0.052 and the O(35)H(43) distance is only 1.77 A as compared to
H(39) 0.240 0.070 the corresponding distances of 2.18 and 2.06 A for H(41) and
H(40) 0.257 0.038 .
H(41) 0.195 0.083 H(42). It would be very helpful to have expenmgntal Fjata for
H(42) 0.258 0.085 €2qQ andy for deuterons at all the hydrogen positions in Table
H(43) 0.481 0.094 4 and particularly H(43), by selective deuteration if possible,
0(21) —12.526 0.563 using conventional or special nuclear magnetic resonance
82223 Egig 8-%(75 techniques for nonabundant nucié?>to compare with theory.
0(35) 12193 0.293 Additionally, it would be helpful to have, through neutron
diffraction studies, a more accurate knowledge of the hydrogen
TABLE 4: Effective Charges on Different Atoms in atom positions than currently available from X-ray measure-
Cocaine Free Base System ments.
nuclei charge nuclei charge The last four rows of Table 3 list thegqQ andy for the 1’0
c) —0.076 H(23) 0.191 nuclei for the four oxygens in cocaine. It is interesting that the
c(2) —0.307 H(24) 0.141 guadrupole interaction parameters for the four oxygens divide
C(3) 0.143 C(25) 0.514 into two pairs, O(21) and O(35), and O(33) and O(34). For
C4) —0.437 C(26) 0.120 the first pair,e?qQ are negative and comparable in magnitude
g% :8'%‘213 ggg :8'%2 and they are sizable. The second pair have positive signs for
c(7) —0.477 c(29) —0.181 €2qQ and have magnitudes similar to the other pair but smaller
N(8) ~0.349 C(30) ~0.232 values ofy. The similarity between the members within the
H(9) 0.269 C(31) —0.280 pairs is not unexpected, since both O(21) and O(35) are bonded
:8% g-ggg gggg)) —g-gg% to two carbons, while the atoms O(33) and O(34) are bonded
H(12) 0.230 O34 0473 :ﬁ smg!e carbons. Hence the electronlq charge dlS'[I’IbuFIOhs in
H(13) 0.196 0(35) —0.468 e neighborhood of thf_e oxygen nuclei for the two pairs are
H(14) 0.229 H(36) 0.263 expected to be substantially different from each other. It would
H(15) 0.136 H(37) 0.218 be very helpful to have experimental results €gQ ands for
H(16) 0.199 H(38) 0.220 the 170 nuclei to examine how the predicted trendsefqQ
Eg;g 8-%33 :Eigg 83%; andy compare with those from experiment and also the nature
C(19) _0.456 H(41) 0198 of the qua_nutatlve agreement between theory and experiment.
C(20) 0.551 H(42) 0.218 Lastly, in Table 4, we have presented the results for the
0(21) —0.549 H(43) 0.307 charges associated with different atoms in the cocaine molecule
H(22) 0.177 that are obtained through the Mulliken approximatfonsing

our calculated HartreeFock wave functions for the D95 basis

tions could influence the nature of the electron distribution in set. Itis hoped that these will be useful in the understanding

the neighborhood of thé‘N.nuclegs and hence the calculated f the affinity of different molecular groups for attachment at
values fore?qQ and#. This again would be a rather time- 6 various atomic sites of this molecule. It would also be

consuming investiggtion, but we hope it can bt_e carried out in helpful to have X-ray photoemission spectroscopy (ESCA)

the future to examine if the influence of the intermolecular \heasyrements for the core 1s electrons in the carbon, nitrogen,
interactions can improve the small but significant difference 54 oxygen atoms to obtain experimental information about the
between theory and experiment fgr without affecting the  harges at the various atoms to compare with our results in Table
excellent agreement f@&@qQ. 4. The ionization energies of the core 1s electrons have been

In Table 3, we have presented our predictions for the nuclear to,,n8t0 have a systematic dependence on the charges on these
guadrupole coupling constan&qQ) and asymmetry parameters atoms in various molecules.

(n) for 170 and?H nuclei with spins respectively= 5/2 andl

= 1 in the two cases. These results are obtained using our
calculated wave functions with the D95 basis set and the
guadrupole moments 6f£0.025 783 and 0.002 8& barns for The results for the nuclear quadrupole interaction parameters
170 and?H (deuteron) nuclei. Looking at the results in Table for cocaine provide excellent agreement with experirhémt

4, one can see that tieéqQ for all the?H nuclei are similar in the 1“N nuclear quadrupole coupling constant and reasonably
value, with the exception of H(43), for which the valueggdQ good agreement for the asymmetry parameter, in the latter case,

IV. Conclusion
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at least to the extent that both theory and experiment lead toLaboratory, Washington, for very helpful discussions. We are
values fory significantly smaller than 0.1. Additionally, the also grateful to Alok Nandini U. Roy for useful suggestions in
position parameters for the hydrogen atoms that were incorrectlythe course of preparation of the manuscript. This research was
presented in ref 10 dealing with structural data for cocaine carried out using the computing resources of the Cornell Theory
hydrochloride and are redetermined in the present work through Center, which receives major funding from the National Science
energy minimization are found to be in good agreement when Foundation and IBM Corporation and additional research
two different sized fragments involving 17 and 24 atoms are support from the State of New York and members of the
used, showing good convergence with respect to cluster size,Corporate Research Institute.
suggesting that the same hydrogen positions would apply for
the full cocaine molecule. Similar good agreement is found Reference§ and Note§ _ _
(Table 2) also for the calculate#N nuclear quadrupole (4§1)2c'):a2m0'h'c'h(|;<"; '-SVLS'ABUI”-P%WCAU%Q%GE; %%Céa' éffa"rsl_l?fl’g
. - , 20. Grechishkin, V. SAppl. Phys , . Grechishkin,
interaction parameters betv\{een that for the 24-atom clu_ster and\sl' A. 7. Naturforsch 1990 453, 550.
the entire molecule involving 43 atoms and also with the ~ (2) Yesinowski, J. P.; Buess, M. L.; Garroway, A. N.; Ziegewid, M.;
experimental values. All these results provide support for the Plneg) As-ﬁnal- S{lﬁgrlan% Eﬁtfggfi o B ML G A

H aw, ews Le y . uess, M. L.; Garroway, A.
Hartree-Fock procedure for the treatmer)t of the energetics of N.: Miller, 3. B.: Yesinowski, J. PAdy. Anal Detect Explos Proc. Int.
large drgg molecules as well as properties that plepend on thesymp 1992 4, 361.
electronic wave functions and also for truncating the large (4) Das, T. P.; Hahn, E. INuclear Quadrupole Resonance Spectros-
molecules to reasonable size clusters to make the procedure fofOP¥% Academic Press: New York, 1957. Lucken, E. A. Buclear

o lvsis practicable in terms of time. These Quadrupole Coupling Constantécademic Press: New York, 1969.
quant'ta.t've analysis p ! > e (5) Karpowicz, R. J.; Brill, T. BJ. Phys Chem 1983 87, 2109.
conclusions should be helpful in the future in dealing with the (6) Pati, R.; Srinivas, S.; Briere, T.; Das, T. P.; Sahoo, N.; Ray, S. N.
properties of large molecules. J. P?7y)5 rghetfr? 1995&9% 9%51- Mod. Phys 1951 23, 69
: oothaan, C. C. e. vod. yS 3 .

The very good agreement bet_vveen theory and experiment for (8) Frisch, M. J.- Trucks, G. W.: Head-Gordon, M.: Gill, P. M. W.;
the nuclear quadrupole interaction parameters leads us to lookwong, M. W.; Foresman, J. B.; Johnson, B. G.; Schlegel, H. B.; Robb, M.
at the causes for the remaining small differences between theA.; REPIOQIG,IE. S.; Gomperts, R.; Andres, J. L.; Ra?havachan, K I.?I»(Inkley,

; J. S.; Gonzalez, C.; Martin, R. L.; Fox, D. J.; Defrees, D. J.; Baker, J.;
FWO for the asymnjetr_y parameter, to .See i On.e could further Stewart, J. J. P.; Pople, J. &Maussian 92, Résion C Gaussian, Inc.:
improve .the quantitative agreement W|th experiment. AmMoNg pitshurgh. PA, 1992.
the possible causes pointed out in section Il are the need for  (9) Hartree, D. RThe Calculation of Atomic Structuredohn Wiley
the determination of the positions of the hydrogen atoms for a”?lg)orga%gWEY%”_"Bﬁggé W.Acta Crystallogr 1963 16, 796
free cocaine by_ the neutron diffraction teChn'dae’vh'Ch IS (11) Bacoﬁ, G é(—ray ana Néutron Diffraction 'PergamOI’NeW York,
more accurate in contrast to the Patterson anafsibased 1966; Chapter 5, pp 5559. _ _ o
on X-ray diffraction, the effect of the intermolecular interactions | (12,2l Gn’?/, llj %géectrons and Chemical BondingV. A. Benjamin,
H : H H nc.: ew YOorkK, .
between neighboring molecules, which one expects to influence (13) Sahoo, N. Sulaiman, S.: Mishra, K. C.: Das, TFRys Rev. B
the efg tensor, and also many-body effects. The latter effects 1989 39, 13389. Dev, B. N.; Mohapatra, S. M.; Sahoo, N.; Mishra, K. C;
are expected to be rather time-consuming, but should be Gibson, W. M.; Das, T. FPhys Rev. B 1988 38, 13335. Clotet, A.; Ricart,
i i insi i ivin J- M.; Rubio, J.; lllas, FPhys Rev. B 1995 51, 1581.
a]tcter:npt$d in the futureI:]to prol\llfj'e greatgr InSI_?EtS Intg the Or(qum (14) Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, JABInitio
of the e g tensors at t_ € nuc ?' in gocalne. | e understanding iojecular Orbital Theory Wiley: New York, 1986.
of the intermolecular interactions in the solid state would be  (15) Donzelli, O.; Briere, T.; Das, T. Fdyperfine Interact 1996 97/
very helpful in the future study of the more complicated 98,(%)3” habatra. S. M. Dev. B. N Luo. L Thundat. T.: Gibson. W
phapatra, S. M.; Dev, b. N.; Luo, L.; unaat, I.; Gibson, .

phenomenon of the temperature dependenobshe nuclear , ‘2 'k ' - 'Sahoo, N Das, T. Rev. Solid State SCL99Q 4, 873,
quadrupole interaction parameters. Further, many-body effects, (17) Sternheimer, R. MZ. Naturforsch 1986 41a 24. Schmidt, P.
which are rather difficult to study in such a complex molecule, C.;(Da;s, T. ﬁZI.I Naturforscrll 1986 413 47. o |

; 18) Mitchell, D. W.; Sulaiman, S. B.; Sahoo, N.; Das, T. P.; Potzel,
seem to be not too important because of the good agreement,, . 2, &\ "\ Pphys Rev. B 1991 44, 6728, Steiner, M.: Potzel, W.:
found_ between the theoretical resul_ts in the present work and kofferlin, M.: Karzel, H.; Schiessl, W.: Kalvius, G. M.: Mitchell, D. W.:
experimental result. Nevertheless, it would be interesting to  Sahoo, N.; Klauss, H. H.; Das, T. P.; Feigelson, R. S.; SchmidBHys
test this conclusion in the future by a many-body calculation. Rezig)lgaﬁn?r?éli”f?’% . May, P. IModem Theoretical Chemistry

La}stly, the other results of our investigation dlscqssed iN" plenum: New York, 1976; Chapter 1, pp-28.
section Il would be helpful to test by future experimental (20) Pati, R.; Das, T. P.; Sahoo, N.; Ray, S. N. Submitted. 8hys
measurements to obtain a more complete understanding of theChem . ) . '
electron distribution over the cocaine molecule. Among these Let(tzig&agzugf;ha”' K. Andriessen, J.; Ray, S. N.; Das, Phys Rev.
results are the_ nuclef_ar guadrupole interaction parameteY&for (22) Choi, C. S.; Prince, EActa Crystallogr Sect B 1972 28, 2857.
and ?H nuclei substituted respectively for the abund&i@® (23) Raghavan, PAt Nucl Data Tables1989 42, 203.
nuclei and the protons in the molecule. The other property refers _ (24) Leppelmeier, G. W.; Hahn, E. LPhys Rev. 1966 142 179.

he charges on the atoms in the cocaine molecule which canSIUSher’ R. E.; Hahn, E. IPhys Re. 1968 166 332.
to the charge € atom : (25) Grechishkin, V. SJ. Struct Chem 1991, 32, 609.
be tested using the ionization energies of the core 1s states of (26) Mulliken, R. S.J. Chem Phys 1955 23, 1833.

carbon and nitrogen atoms through the ESCA techrigé. \ (ZQ Ckafi;)% T. APhotoelectron and Auger Spectroscpjgfenum:
ew York, )
. (28) Siegbahn, K.; Nordling, C.; Johansson, G.; Hedman, J.; Heden, P.
Acknowledgment. We would like to thank Dr. A. N. F.; Hamrin, K.; Gelius, U.; Bergmark, T.; Werme, L. O.; Manne, R.; Baer,

Garroway and Dr. J. P. Yesinowski of the Naval research Y. ESCA Applied to Free MoleculeBlorth-Holland: Amsterdam, 1969.



