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Abstfact

NOn—empifiCal eiectrenic structure theory has been applied to
eeveral chargejtranefer compleies, which-involvevammonia and fri-
methylamine ae electron donors and molecﬁlar fluorine,_chlorine,
and C1F as eleetron acceptors. The self-consietent-field calcuiations
employed both minimum and double zetavbasis sefs of centracted
gaussian funetidns. For NH3-F2 and NH;-C1F, the importance of d functions
on the N, F, and Cl atoms was investigated. In.several cases the
minimum basis results do not appear reliable.  with the geemetries
of the donor and‘ecceptor moleeules fixed from experiment, the |
equilibrium geometries of the charge-transfer complexes were ﬁre—
dicted. N-X (X = nearest'halogen atom) distances are 3.082_'
(NHS-FQ),'z.ssﬁ (NH;-C1,), and 2.552 (NH,-C1F), while the predicted’
binding‘energiee are 0.6 Kcal (NH5-F,), 2.4 Keal (NH»CIZ)'and |
7.7 Keal (NH,-C1F). NH4-FCl is predicted to be boﬁnd'by‘less,than
0.1 Kcal/mqle,'.The most intriguiﬁg'prediction.is that the binding:
energies of the ammonia complexes are greater than fhose of.the
cqrresponding‘trimethylamine complexes. Althougﬁ this prediction is
in diStiﬁet disagreement with accepted ehemicalvintuitien,lit is
- consistent with Mulliken'pepulatibhs, Which suggest a Significaﬁtly‘-
greater "negafive.eharge" on the ammonia N'atom than that fqr
trimethylamine. further, the dipole moment of NH3 is significaﬁtly

larger than that of N(CH3)3.



Introduction

The term “charge-transfer complex" was introduced by Mullikenl
in 1950 in his explanation of the observation‘by Benesi and
Hildebrandzlof a new absorption band in a solution of benzene'and
iodine dissolved'in n—heptanel The observed band did_not appear
in the spectra of elther C6 g °F I2. Mulliken stated that the color
of such organic_molecular complexes '"may be-dne to an intermolecular
charge transfer process during light absorptionﬁ. These.early.
experimental and theoretical investigations signaled the'beginning_
of a period of.intense ‘interestis-9 in the properties‘of donor—. |
acceptor complexés, and this interest continues to acceierate. A
partlcularly v181ble example of current interest is. the complex
between tetrathlafulvalene (TTF) and tetracyanoqulnodlmethane (TCNQ)
TTF-TCNQ behaves like a one-dlmenslonal metal at.room temperature
and hasfrekindled hopes for the eventnal discOVery‘of a practécal o
organlc superconductor o

A partlcularly thorny questlon concerns the relatlve‘lmportance
of charge transfer and cla531ca1 electrostatlc forces in the ground
state of complexes such.as CGHG-IQ; Whlle Mulllken '8 early workl ll
successfully exploited the charge-transfer model, more recent work
by Hanna12 and"b.y.vStiles13 has empha81zed the. electrostatlc con—‘

,81deratlons, e. g., ‘the quadrupole -induced dipole 1nteractlon in

C.H.-I, In thelr most recent paper on the subject Mulllken and

676 “2°
Personlu’conclude that electrostatic forces are likely to domlnate o

the bonding onlyﬂfOr the weakest donor-acceptor_complekes. In this
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regard it should be noted that the quantitative energy decomposition
scheme recently proposed by Morokuma15 might be Qaluable in resolving
the above controversy; |

Perhaps surprisingly, there have been very few ab.initio
theoretical studies reported on charge transfer complexes. An early
'study;“that of Clementi16 on the NH3-HCl complex, suggested a large
binding energy (19.5 Kcal/mole relative to the separated moleculesl
and a considerable similarity with the i1dealized ionic'NHu+Cl— model.
Another molecular complex that has been studied ab initio is BHé-NH3,
which Veillardl7 finds to have a rotational barrier comparable to
ethane.

In the'preSent paper we report the first abjinitiO-calculatlons
on charge transfer complexes 1nvolv1ng halogen molecules Halogen
molecules are obv1ous candidates in thls regard because of thelr

18

substantial electron afflnltles F, (3.08 ¢+ 0.10 eV),"lz_(2.38 +

2
.0.10 eV),'Br '(2{51 + 0.10 eV), and 1, (2.58 ¢ 0,10.eV). Although
known to- be substantlal the experlmentally determined electron
4aff1n1tles of the 1nterhalogen dlatomlcs are less certalnlgr

el (v 2.7 eV | |

Our natural inclination was study the“classic_benzeneehalogén
systems. And, inlfact; nonemplricaltstudies'eﬁploying a minimun'basis
set were completed for CSHS FZ and CBHS C12 For ax1al (C ) approaches

: the predlcted equlllbrlum dlstances from the. center of the benzene

-

ring to the nearest halogen atom were 3, 63X (CSHB F ) and . l8A '

(C6 6 Clz). However the binding energies relatlve to the 1nfln1tely

separated molecules were calculated to be only 0103 and 0.06 Kcal/mole.‘
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Since the uncertainty in the theoretical method used is at least
1 Kcal/mole, the value of the calculations is severely 11m1ted

except to establlsh that the attractlons are 1ndeed rather weak.

For CGHB Fz,

sidered, but most proved to be repulsive.

several other orientations of approach were .also con-

Given thiS-uhsatisfactory initial experienceg a~decision was.
:made to pprsue.a series of more strohgly bound‘charge-tranSfer
complexesp A review‘of the literature3_g.suggested the'amihe;ha;ogen
complexes ashahlimportant series oflmodel compoands with the oésired
property; Particoiarly important‘in.this regard‘is»the.work of
.Nagakura and cofwofker520’21von amine-iodine complexesrin soiution
(usdally nfheptane).: Their experimental'AH.values are summarized -
3in'Table I, which also'givesvfhe ionization potentials of the .
electron—donor amines. There we see that the'hinding'energies vafy‘*
from 4. 8 Kcal/mole for ammonia to 12 1 Kcal/mole for trlmethylamlne

ThlS 1s of course consistent w1th the chemlcal 1ntultlon that ‘the

methyl group is a much_better electron donatlng group than hydrogen

Nagakura s AH values also reflect ‘the expected (ln terms of Mulllken s
charge transfer model) inverse relatlonshlp w1th the amine 1onlzatlon
'potentlals‘ |

The molecules'investigated in‘our theoretical study were derised,
from all‘possible combinations of NH, ‘and N(CH3)3 with Fz; C12, and
FC1. From Nagakura s experlments one expects these charge transfer
complexes to have dlSSOClatlon energles of the order of 5§ Kcal/mole.
bThlS conclu51on 1s supported by the semi- emplrlcal calculatlons of
Carreira and Personzz, who predlct_NHs—F2 and NH3-C12 to be bound

'by 10 and 22 Kcal/mole, respectively. Hence these'molecules_should
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lend themselves to meaningfﬁl study by § Qriori quantum mechanical
methods. The goal of the present research, then, is to Begin to

understand, in a systematic way, the electronic structure of

model charge transfer complexes. As will be seen, at least one of ..

the trends predicted here theoretically is quite contrary to -
accepted chemical intuition and the experimentél data preSéntéd in

Table I.
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Theoretical Details

All results were obtained at the singleiconfiguration'self—
consistent-fieldv(SCF) level of theory.v The'interactions under
study are of strength comparablevto hydrogen bonds, and.hence one
expects.SCF theory to be adequate in this regard.23 Two types of
ba81s sets were generally used The first of theSe'was'a three—,'

24
gau581an expan81on of a minimum basis set of Slater functlons 2

‘Secondly, Dunnlng s double zeta ba51s sets25 26 f H C, N F, and d
Cl‘were used. Our general phllosophy was to compare the results
obtained using the two basis sets on the smaller complexes,vand'then
use thefdifferences to estimate uncertainties likely for the larger
complexes, where only the mlnlmum ba51s set was used. |

All calculatlons were carrled out on the Berkeley Datacraft
-602ﬁ/4 mlnlcomputer Two computer programs were used GAUSSIAN 70
and the Cal Tech-Ohio State-Berkeley version of poLyATOM. 28 For
-the largest complex con81dered C H —Cl _ ne hour of mlnlcomputer
tlme was required for a complete calculatlon at a s1ngle geometry,
~using GAUSSIAN. 70. |
39

fixed at thelr experlmentally determined’equilibriUm geometries  For

Throughout, the NH, N(CH353,fF2;>C12, and FC1 molecules were

'ammonla, an N-H bond dlstance of 1. 0124A and H- N H bond angle of
106. 67 were used. 23 For trlmethylamlne the geometry of Wollrab and
Laurie30'was used and we note that the nuclear repu131on energy at
this geometry is +138.98685 hartrees. For F,, Cl,, and CIF, bond

- . ' : . _ "0 . -
distances of 1.417, 1.988, and 1.628A were assumed.°T



For all of the complexes except NH3—P2, a C3v geometry was

assumed, of the general type

R\
: ///N X Y ‘ | | (1) e
R . )

Fof NH3-F2, excursions about the C3v potential'minimum were considered
but shown to be higher in totalienergy'than the assumed oriéntation.
Thus it seems likely that the equilibrium geometry of NR3-XY charge

transfer complexes is the one generally postulated.

.Binding Energies.and~GeometricalvStructures

Our prinéibal results are summarized in Table II. Let us
first turn to the biﬁding energies, in particulaf those o‘f-tNVH3—_F2
and NH3—C12. For these two complexes the minimum basis andrdpuble
‘zeta results are in qualitative agreement. Both hasis séts predict
| NHB—Cl2 torbe the more strongly bound, a resglt consistent.With the
greater polarizability of Cl,. In both cases the mdre flexibleb.
DZ basis yields a deeper potential_wéli; Eor the F2 doﬁplex, théh
MBS and DZ bindihg enérgies'differ by only O.l?]Kcal/molé, while

the analogous difference :is much greater, 1.29 Kéal/mole, for

NH3=Cly- | | | | |
Since it is quite important to establish whether significant -
differences occur when the basis set is extended beyond the DZ'léVel,

'_two larger basié;sets were used for the NH3-F2 complex. The first,

: . labeled "extended"_in Table II, employs a more flekible set of p

functions on the»N and F atoms. Instead of the (9s 5p/us 2p).
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contraction dsedvin“the DZ studies,'a (Ss_spfhs'3p) set was
adopted, again following anning's suggestions.25 .As seen in
Table II, this extended basis increases.the binding energy by only
0.02 Kbal/mole relative to the DZ result.

The entry labeled "polarlzed" in Table II uses- a (9s S5p 1d/
4us 2p 1d) bas;s on the N and I atoms. _That 1s, d functions have
-'been added to the heavy atom DZ basis sets. The d'fnnctions.have
a more profound effect on the binding energy,‘increasinghit by 0.19
Kcal/mole relative to the DZ results. ‘However, this difference is
of a quantitative rather than qualitative nature, and'tends to
support our use of the DZ basis in general. Further support of th1s
conclusion is given by the NH3 -C1lF ‘results obtalned w1th a comparable
_polarlzed ba51s
The flrst serious clash between the MBS and DZ results occurs'

for the N3H—FC1 complex. There the smaller ba31s:y1elds a sub—

stantlal blndlng energy (0 93 Kcal/mole), while the larger suggests

| . no attractlon at all in the expected reglon, r(N F) Varylng

from 2 to 5A Slmple chemlcal reasoning suggests that the NH3 -C1F

attractlon should be stronger than that.for NH35FC1,_81nce ther

"repulsiveﬁ - o
CH-§ - - =8 48
'H"'"’I'N' v s o e e e _F_"'Clv | o

H_-§ TR R
H:>N ....... . Cl—F B (3).
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interaction. However, the use of the word "repulsive" t¢;describé
the NH,-FC1 interaction does not preclude ihe possibilify that this
complek might be bound, for example, by one Kcal/mole.-.Never— |
theless,"considering.the tests on NH3-F2 using larger basis sets,
we conclude that the.double zeté results for NH;-FCl are reliable.

The MBS and DZ results again disagfee'fop'an-ciF, with the
small basis yielding only a small attraction (0.17 Kcal/mole) and
the larger bésis predicting a strongly bound (7.66 Kcal/mole)
charge transfer complex. At this point, chemical intuition
clearly favors the double zéta results, in that they predict (3)
to be signifidantly lower iﬁ energy than (2);' Further, the DZ
ordering of binding'energies

NH

5 -Cl. > NH.-F. o ()

-ClF > NH3-Cl, 375

is reasonable, although the facf that the ClF complex is more‘than
three times more strqngly hquhd than th.e‘Cl2 éompiex would have

~ been quite difficult to guess. However, in 1ight of the additional
NH3—C1F calcuiations CAPried out with the polarized basis, this
‘conclusibn séemS'quite:reliably established.

There is a simple explanation of the apparently spurious MBS

results for the interaction between ammonia and chlorine monofluoride. .

It is, as seen in Table III, that the MBS predicts the wrong sign
for the dipolé;moment of C1F. .This.error'makes the reasoning in
(2) and (3) incorrect and yields the otherwise confusing prediction

that NH3-FCI_is more stfongly bound than NH,-ClF. To test if



this dipole moment prediction were due to the approximation of
each Slater function by a linear combination ofdthree‘gauSSians,
‘addition computations were performed. However, using u- and
5- gau881an expan81on82u, dipole moments ofvotuﬁ andIG.MS'debye
'(Cl F*) were obtalned We conclude that a minimum ba51s is
inadequate for the theoretlcal study of the interaction of ClF
. With amlnes. |

Since the trimethylamine complexes_have heen,studied.using'only
the MBS, only qualitative conclusions may be made. Note,as expected,
that the erroneousvdipole_moment of le fesults ln the spufiousbv
predlctlon that (CH )éNfFCl is more strongly bound thanf(CH3)3N—le;

';However, thevF2 and Cl, complexes should‘exhibitvnO'such problems;

L although a;DZ.or'larger basis would be*expected to yield”largef
blndlng energles ‘ o _’_ ' t |

The key result concernlng the trlmethylamlne complexes is that

all four have smaller blndlng'energles than the correspondlng‘ammonla”

u‘complexes. Thls'result is ‘certainly in conflict with chemical_'
reasoning, whichxholds that.methyl is superion to hydrogen_as an
felectron.donatinghgroup - This in turn should'result in the nitrogen'
atom belng more negatlvely "charged" in (CH ) N than in H3N and |
hence in a more effectlve charge transfer 1nteractlon Even more
1mportant the theoretlcal predlctlons clash w1th the experlmental
blndlng energles of Nagakura and co-workers29_21, 1llustrated

:1n Table I. It should be noted however,vthat the- theoretlcal

.'-differences between the NH, and N(CH3)3 complexes are of a much

o smaller magnltude than those obtained from experlment
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The validity of simple chemical reasoning may be challenged. '
in light of Tablé III. There it is seen that both MBS and DZ
calculations predict nitrogen to have a more negative charge in

NH, than in N(CH;),. Further, this ab initio conclusion is .

3
supported by expériment in that the dipole moment of ammoﬁia is
1.47 debye, while that of frimethylamine is much less,'O.Si debye.
va the ppesent'gg ihitio binding energies do prédict‘the
correct ordering of the'ammqnia cbmplekes'relatiQé'to thé tri-
methyl;ﬁine complexég, there is pefhaps Only'one_plausibie
explanatioﬁ of the experimental results SummafiZed in Table I.
This is that the theoretical results are approétiéfe only to the
gas phase, andlthat gas phase charge fransfef chpiéx binding_énérgies
are inherently differenf from solutiqn_AH_vélﬁeé ofAthe type fé%' |
ported by Nagakura. Thié initurﬁ_wouid mean that soiVent'éffects
dominate the’binding energiés.of sﬁ¢h moleculaf comblexes in_éolﬁtion.
Thié conclusion is quite.féminiscenf‘to.éOme éf’thoée arrived At o
by ion—cyélofron resonande_(iCRi experimeﬁfaiSts concerning k
acidities and basicifies’df speéies'in‘solutiéﬁ aﬁd the gas‘ﬁhaSé;
Tb take the exampie élbsest to the sysféms studied heré,:it has 10ng.
been known33 that the'profoh—aééebtor ébilities of aminés;in:- -
solution are in fhe_ordéf. | | | |
NH, ‘ RNH, = Ry 3

.In the gas phaée, however,vthe‘ordér of basicity is.nohnknowh:
. be3” : . ‘ .

| NH, < RNH NH < R3N

3 <R

2 2

NH > R,N s | . =
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The predicted intermolecular separations R(N-X) are easily .
correlated with the binding energies AE. That is, the stronger

the charge transfer complex, the shorter is the N-X equilibrium

separation. For NH3 -C1F, the N-Cl distance is qulte short,

2. 65A, while for NH3 F2, a N-F distance of 3. 08A was predicted with
the larger DZ basis. Incidentally, both the "extended" and V
"polarized" basis sets yield similar structures for NH3-F2, allowing

us to put a reasonable degree of trust in the DZ geometry pre-

~dictions. As with the binding energy, the very poor MBS result for

the struoture of NH3-ClF may be attributed to the failure of the

MBS to correctly predict the.sign of the dipole moment of C1F.

Dipole Moments

and‘Electronic Structure Considerations

For chargeztfansfer complexes, a particularly significant""
observable is the dipole moment. More speoifioally the'difference
Au between the'dipole momenf of the complex and thaf of ‘the separated
donor and acceptor molecules is of. con31derable 1mportance The
blndlng energy of a charge- transfer complex may be thought of as
35

arlslng from the superp081tlon of a number of 1nteractlons ,

including permanent multlpole—permanent multipole, permanent

'multipole—induced multipole, dispersion, charge transfer, and>short

- range-repulsiOn'interaotions.' Of these, only the second and'fourth

will lead; in a qualltatlve plcture, to a dlpole moment in excess of

the vector sum of the donor and acceptor dlpoles. Thus, when both
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the binding energy and dipéle moment of a molecular complex are
known, it may be possible to make qualitétive conclusions con-
céfniﬁg the nature of the interaction;

Table III indicates that the DZ dipole moments of both NH,
and FCl are predicted to be signifiéantly largef than experiment.

However, the difference in the dipole moment brought about by the.

formation of the charge transfer compléx should be predicted in a
‘qualitatively reasonable way. Comparison of Tables'II and III
shows that for NH3-F2 3 ’

1.07 debye from double zeta calculations. The minimum basis.set

and NH_,-Cl, these A valuéé are 0.34% and

predicts the dipole moment enhancements to be less, 0.14 and 0.54
debye. In both calculations, hbwever, the Au value is rOughly

“ three times greatér for NH3'-C12 thaﬁ for_NH3—F2{ When d functions
on N are édded to the basis set, the SCF dipolé'moment for NH3 is
reduced by 0.37 debye fo 1.97 debye. Table Ii in.turn shows that

the NH —F2 dipole is reduced by 0.4l debye, a nearly comparable

3
amount. Thus, the dipole moment enhancement remains 0.3 debye to.
one significant figure. | | |
The basis set including'd functions Yielded an SCF dipole
moment of 1;35 debyes foerlFf However the_Aufvalue obtaiﬁed'with
the.polarizédAbasis set is 1.17 debye,-quite'closé to the 1.12
debye obtained with the double zeta set. Thus we find the interesfing' -
result that the.Au values for NH3—C1'2 and'NH3-ClF ére quite |
combarabléi | - | | | : ‘
) For the N_(_CH3)3 CQmplexes, Au's haVe been obtained from the

minimum basis calculations. Although the C1F complex results are



13-

not meaningful,_those for N(CH3)3-F2v(O;ll debye)_and N(CH3)3-C12
(0.45 debye) should be. Comparison with thefminimum basis results
for NH3-F2 and:NH3—C12 shows that the trimethylamine complex -
Au s are smaller, consistent with the predlctlon that the N(CH3)
complexes have smaller blndlng energies. Thus our unconventlonal
orderlng of_the NH3 and N(_CH3)3 complexes is supported by the

Au results. | .

Another measure of the electronlc structure changes upon
complex formatlon 1s the Mulllken populatlon analy81s 36_ Table_IV
summarizes the Mulllken analyses for the systems studled here
zComparlson w1th Table I11 would seem to- 1mply that permanent
multlpole 1nduced multlpole effects are larger than actual charge'
transfer from.am;ne to halogen. Con81der1ng ‘the DZ results for
_NHé—FZ., it is seen that to Within'our round-off oriterion ofpd.ol
.:eleotrons,‘therelis‘ngvtransfer of charge.frOm NH3 tdsz‘l A small
shift within thevammonia molecule occurs, with.Q.Ol being transferred
from the hydrogens to the N atom. However, there is a sizeable_
‘separation of.éharge‘(d.OB "électrons") lnduoed in the Fé'molecnle,
’presumably'by the dipole moment of'NH3. The same effectvls seen to
a greater degree in the_NHs-Clé,systemu There 0.01 1s transferred
tothefCl2 molecule, in which»avcharge separatlon of.0.17 is 1n4.
duced. 'The effect nithinfthe NH3 moleoule ishalsovmuch laréer, and
the enhanCement of the-ammonia dipole moment may be credited to the
quadrupole moment of Cl2 | | | | |

The Mulliken populatlons for NH ClF cannot be analyzed 1n‘

,»qulte as transparent a manner, as Table ITI shows ClF to have
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considerable charge separation (0.74 "electrons") by itself. In

the complex, this separation becomes 0.86 electrons; implying that

a charge separation of 0.12 electrons is induced by the ammonia
molecule. Also in NH3—C1F, 0.02 electrons are,actually "transferred"
‘from NH3,tO ClF. Quotation marks are used here and elsewhere to
emphaslze that such statements are based on the Mulliken analysis,
which is necessarily arbitrary and of primary value for comparative

rather than absolute purposes.- For'NHs-ClF, the»electronic re-

arrangement (transfer of 0.06 electronS-from_the.hydrogens to N)

in ammonia is twice as large as was the case for NHé—Cl?. This is an

expected result in light of the sizeable dipole moment ofIClF;

our overall oonclusion'is that charge transferﬁ per se appears
to be less 1mportant in these molecular complexes than are cla531cal
electrostatlc con81derat1ons. The fact that-the'NHs—ClF blndlng
is three times stronger than that for NH3—Clé seems bestvunderstood
in terms of the;dipole—dipole attraction. We come. to this cén;
clusion since'both the Ay values and the induced charge separations
(from Mulliken populations) for NHs—ClF and NH —Clé are comparable.
.'Further, a 51mple cla581cal calculatlon shows the dlpole dlpole |
attractlon between NH3 and ClF to be of the order of 2 Kcal/mole
However, we should p01nt-out_that, although the magnltudes are
small,.twioe as much Mulliken population is transferred from NHB to
C1F than from NHslto Cl2§ Also it may be ﬁorth noting‘that this
"chargevtransfer" oceurs over a somewhat longer distancerthan does

the charge separation induced'in the halogen molecules!
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Finally, in Table V we report orbltal energies for “the complexes
studied with the double zeta basis. Perhaps 'the most-lnterestlng
point to be made concernlng these data is that the orbital energies
differ from those of the separated molecules to’a degree roughly
proportional to the bindinglenergies. Consider as an'example the
orbitals corresponding to the ammonia le orbital. ,For.NHa—Fz‘the
_complex orbital energy, -0.632 hartrees, is 0.003 hartrees lower
than that‘of isolated NH3}h For NH3;»C12 and NH3-C1F the analogous
differences'are progressivelyilarger, 0. 013 and 0.031 hartrees
Slmllar trends can be’ seen for the other orbltals

As each molecular complex is formed the donor (NH ) orbltalﬁ
energles are lowered, while those of the acceptor halogen are»
ra;sed. As-seen in Table V; thls general rule 1s-followed forvevery
orbitaldof the three complexes ThlS trend is perhaps most apparent
dfor'the NHa;CIQchmplexil For the separated molecules the 3al orbital
of NH 11es 0 37 hartrees ‘above the 2ﬂg orbital of Cl2 However,l'
for the molecular complex these two orbltals become nearly degenerate,
thelr energles lylng w1th1n 0. OOl hartrees of each other Thus

the donor and acceptor one- electron energy levels tend to become

equallzed upon formatlon of the molecular complex
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Table I. Experimental binding energies

amine-iodine charge transfer complexes.

Electron Donor - Ionization o 7 AH(Kcal/mole) -
Potential(ev) : ‘ :

'NH3 ; 10.15 o o -4, 8

NH, (CHj) - 8.97 ‘ o -7.1

NH, (C,Hg) . 8.8 o =Ty

CNH(CHp), E 8.ou - . -9.8
NH(C,Hg), o801 =9.7

N(CHp) 5 7.82 _ S -12.1

N(CyHg) 4 : 7.50 | . -l2.0

A4
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Table II. Theoretical predictions of the structures, dissociation

energies AE, and dipole‘mbmentsiuof several amine-halogen molecular
complexes. Here X signifies the halogen atom closest to the. nitrogen
'nucleus;7 Sevefal types of basis sets were'used in these'self-consis—
fent—field Calculétions, including minimUm'basis sefv(M885 and double
zeta (bZ) sef. ~

o : o ' ' o \ o .
Complex - B ?R(N—X),A.‘ | . AE(Kcal/lee) R - u(debye)

HlN-F,
MBS ' 2,81 oww3 o o 1.93
Dz -~ 3.08 : . 0.80 - . 2.68
Extended . 3.08 . 0.62 . - .2.88
Polarized S 3.04 S 0.79 = - 2.27

: H3NfC12

N

MBS . 2.95 S 1.09 | | .33
Dz . . 2.93 . 2.38 B

HGN-FCL
MBS 2.1 S 0.93 o a2
- DZ- " 'Repulsive Potential Curve . '
HgN-CIF
MBS - S3Js2 - o7 l.us
pZ - 2.85 7.6 . . . s5.08
. Polarized = 2.62 7.2 hug



Table ITI.

Comglex
(CH3)3N—F2
MBS

(CH3)3N-¢12

MBS -

(CH3)3N-FC1
MBS

(CHy) gN-C1F

MBS

Cont.

: 0
R(N-X),A

3.01

~22~

AE(Kcal/mole)

u(debye)

I.71

N\
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‘Table III Mulllken populatlons and dlpole moments for the polar
molecules employed as electron donors and electron acceptors

The'mlnlmum bas15'results are presented‘flrst,’w1th the double'

‘zeta results in prarentheses.

C1F 3 fffCl’  AR S _;;n(theOry)'f;'f u(expt)

s | - 5.95 (5.96) 3.98 (4.00)
. p | -11.03 (10.67) 5.05 (5.37) o S
Total 16.98 (16.63) 9.02 (9.37) - =0.50 (+1.60) ~ +0.88°

wE, | N HBY .f;u<thg¢gy).-;' - uCexpt)

s | 3.59(3.88) 0.84 (0.71)
p | s.ss(n.20) 0 = G- o S |
vTotal  .t:k7ru7(7-88)d ' 0!8ud(0i7l)MJ . 1079;(2;3H)' _ ;l;u7

NCCHD Ll 0 N | - ¢ HA®)Y - H.(3) ow e w
T3N3 _ : v . oAt t S»-, ',‘(fh'eOvI"Y) (expt)

5 ;'3;52f(3.58);,3,16'(3,42); 0.93 (0.81)| 0.96 (0.85)
pf3.75 (3.69) |2.92 (3.0) | - (- )| - - |
Total |7.27 (7.27) |6.08 (6.44) | 0.93 (0.81)| 0:96 (0.85) | 1.01 (1.15) 0.61

ap. AL Gllbert A Roberts, and P AL Grlswold Phys. Rev 76,

_ 1723 (1949) o
B . : _ N
D K. Coles, w E Good J K. Bragg, and A H Sharbaugh

Phys. Rev. '82, 877 (1951)

c . , . ; N T .
D. Rf_lee_and D;'E, Mann,‘Jﬁ Chem. Phys. 28;:572 (1958).



Table IV. Mullilken populations for several amine-halogen moleéular

complexes. The subscript a refers to the halogen atom closest to the

nitrogen atom.

Basis ‘Amine Halogen
Set H - C N g, Fy 1, Cl, ,
H,N-F, MBS | 0.84 @ - 7.47 8.98 9.02 - -
DZ | 0.70 - 7.89 8.96 9.04 - -
HoN-C1, MBS | 0.84 - - 7.47 - - 16.97  17.04
DZ |0.69 - 7.91 - - 16.92  17.09
H,N-FC1 MBS | 0.8% -  7.47 | 9.00 - -~ 17.00
Dz Repulsive Potential Curve
HyN-CLF MBS - | 0.84 - 7.47 - 9.0%  16.96 -
DZ . | 0.68 - 7.94 - 9.44  16.58 -
(CH3)3N-F2,. MBS | 0.96, _ _
| 0.93 6.08 7.27 | 8.99 9.01 - -
(CH ) (N-C1, MBS | 0.96, S
s s | 0.93 6.08 7.27 - - 16.98  17.03
(CH,) ,N-FC1L MBS |0.96, = | | -
| 0.93 6.08 7.27 9.01 - - 16.99
(CHy) N-C1F MBS | 0.96, , S |
> g 0.93 6.08 7.27 < 9.04  16.97 - -

N4
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‘Table V. Valence orbital energies for aminefhalggenvmolécular,

complekes. Results presented hepe'were obtained using:the double

F

NH 29

Cl,, and CIF molecules.

Symmétr&

Type

v.-l}752

So=1.478

~1.154
-0.791

-0.

-0.422

714
.651

.632

20 =1.777
( g )

(20 -1.504)
. u

(Zai

(m, =0.817)

(365 -0.741)

(sai -Olulg)

-1.151)

(lng -0.677)

(le  =-0.629)

NH3-C1E

.603
.184
076
-0.682
-0,646
-0.660,
Qo;ues

—0.453

(50

(2al

(60

'(2ﬁ 

(70

(lé
(3m

(3al:_

- =1.649)
=1.151)
-1.115)

-0.728)

-0.679)

';0.629)

~0.504)

-0.419)

-1.219 (4o
g

.
=0

=0

-0.

TQO.

-0

-0

164

. 996

.6L42

558

L1430

.430

NH,C1

552

zeta basis. In parentheses are the orbital energies of the isolated

2

(4o_  =1.2u4u)
(2a; -1.151)
(o -1.024)
(le  -0.629)
(50g f0f58”)
.(2ﬁu_,-0.578>
2m_ - -0.456
(21, -0.456)
(3a, -q;u19>
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