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Abstract*Yellow to redÐbrown copper"I# complexes of the type CuXL for X�Cl\ Br\I\ CN\ SCN and N2

and CuXL1 for X−NO2 and ClO3\ where L�3!benzoylpyridine\ have been synthesized and characterized[ All
complexes exhibit MLCT bands in the visible region and the neutral complexes gave non!conducting solutions
in DMF[ The IR and Raman spectral data suggest monodentate 3!Bzpy\ bridging halides or pseudohalides\
bidentate nitrate and perchlorate in the respective complexes in the solid state[ The structure of the 0]0
chloride complex\ as determined by X!ray crystallography\ features a discrete centrosymmetric ðCuCl"3!
benzoylpyidine#Ł1 molecule with a Cu===Cu distance of 1[842 A� [ Each copper atom in the dimeric molecule is
trigonally planar coordinated by two m!chlorine atoms and the nitrogen atom of 3!benzoylpyridine[ All the
isolated complexes display emission spectra in the solid state at room temperature[ The neutral halide or
pseudohalide complexes show one emission band with lem

max in the range 475Ð531 nm which is independent of
the excitation wavelength and is related to MLCT or XLCT excited state[ The 0]1 nitrate and perchlorate
complexes exhibit their lem

max around 357Ð493 nm[ Þ 0887 Elsevier Science Ltd[ All rights reserved

Keywords] copper"I# complexes^ 3!benzoylpyridine^ crystal structure^ vibration spectra^ luminescence spectra[

———————————————————————————————————————————————

Copper"I# usually forms four!coordinate tetrahedral
complexes ð0Ł\ compounds with lower coordination
numbers are known but are less common ð1Ł[ Struc!
tural evidence has been reported for some trigonal
planner three!coordinate copper"I# complexes\ e[g[\
ðCu"C5H6N#2Ł¦ ð2Ł\ ðCu"CN#2Ł− ð3Ł and ðCu"CN#1Ł−

ð4Ł[ On the other hand\ copper"I# halides form com!
plexes with unidentate nitrogen donor ligands which
display a variety of stoichiometries\ structures ð5Ł and
emission characteristics ð6Ł in the solid state[ In some
instances\ CuXÐligand clusters of the same stoi!
chiometry "0]0]0# exist in more than one crystaline
format[

For example\ ðCuI"py#Ł3 is a cube\ whereas ðCuI!
"py#Łn is a pleated sheet polymer ð7Ł[ Similarly\
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ðCuI"CH2CN#Łn\ a pleated sheet and ðCuI"CH2CN#Ł3!
dibenzo!07!crown!5\ a distorted cubic structure with
second sphere interactions between crown ether and
acetonitrile methyl hydrogens\ are both of stoi!
chiometry Cu]I]CH2CN of 0]0]0 ð8Ł[ These families
of structures are of particular interest because the
emission behaviour of the solid state material varies
with structure[ Thus\ ðCuI"py#Łn displays broad band
emission at room temperature and shows no shift
of lmax at cooling\ whereas ðCuI"py#Ł3 displays two
emission maxima corresponding to di}ering exci!
tation maxima ð09Ł[

Recently\ we isolated and characterized two types
of copper"I# complexes of 1!benzoylpyridine^ red to
dark brown CuXL type complexes\ for X�Cl\ Br\ I\
CN\ SCN and N2\ and orange yellow "CuX#1L com!
plexes for X�Cl and Br and structurally characterized
those of the _rst type for X�Br\ I and CN ð00Ł[ In all
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complexes of the _rst type\ 1!benzoylpyridine behaves
as a bidentate ligand and all of them display no emis!
sion when excited in the UV region at room tempera!
ture[ Both complexes of the second type contain
monodentate 1!benzoylpyridine ligand\ as inferred
from their IR spectra and display visible emission
when excited in the UV region at room temperature[
Further work led to the isolation of copper"I# com!
plexes of 3!benzoylpyridine "hereafter abbreviated as
3!Bzpy#[ These complexes exhibit solid state emission
at room temperature[ We have now performed an X!
ray structure determination of the title complex for
which suitable crystals are available[

EXPERIMENTAL

3!Benzoylpyridine was obtained from Aldrich com!
pany and the other chemicals were of analytical grade
quality[

Preparation of the complexes]

0[ CuCl"3!Bzpy# and CuX"3!Bzpy#1 complexes\ X�
NO2 and ClO3[ These complexes were prepared by
mixing the corresponding copper"II# salt "3 mmol#
dissolved in water with an ethanolic solution of 3!
Bzpy ligand "09 mmol# and the subsequent
addition of excess L"¦#!ascorbic acid[ The mixture
was boiled for several minutes and allowed to stand
over several hours to produce the complexes[

1[ CuX"Bzpy#\ X�Br\ I\ CN\ SCN and N2[ These
complexes were prepared by one of the following
general procedures[

Table 0[ Analytical data for the copper"I# complexes

Analysis^ Found "calc#
M[P[

Complex Color >C C H N X Cu

Cu"3ÐBzpy#Cl yellow _ne crystals 060Ð2 40[1 2[9 3[8 01[3 11[2
dec[ "40[0# "2[1# "4[9# "01[5# "11[4#

Cu"3ÐBzpy#Br yellow _ne needles 089Ð4 33[1 1[6 3[4 13[2 08[2
dec[ "33[0# "1[7# "3[2# "13[4# "08[4#

Cu"3ÐBzpy#I orange microcryst[ powder 105Ð7 27[6 1[2 2[5 22[3 05[7
dec[ "27[5# "1[3# "2[6# "23[9# "06[9#

Cu"3ÐBzpy#CN yellow microcrryst powder 065 46[1 2[2 09[1 12[4
dec[ "46[2# "2[2# "09[2# "12[2#

Cu"3ÐBzpy#SCN orange red powder 106 49[8 2[0 8[9 10[9
dec[ "40[1# "2[9# "8[1# "19[7#

Cu"3ÐBzpy#N2 red brown 047 38[6 2[1 07[7 11[2
dec[ "38[8# "2[0# "08[3# "11[9#

Cu"3ÐBzpy#1NO2 can yellow needles 47[9 2[5 7[6 01[4
"47[5# "2[6# "7[4# "01[8#

Cu"3ÐBzpy#1ClO3 can[ Yellow needles 197 43[9 2[1 4[5 00[6
dec[ "43[4# "2[3# "4[2# "01[9#

"i# An aqueous solution of Cu"NO2#1[2H11O
"3 mmol# was mixed with KX or NaX\ fol!
lowed by the addition of L"¦#!ascorbic acid[
An ethanolic solution of the benzoylpyridine
ligand "09 mmol# was then added and the mix!
ture stirred for ca[ 04 minutes[ The _nal mix!
ture was allowed to stand over several houres
or days until a crystalline product separated[

"ii# A boiled ethanolic solution of benzoylpyridine
"09 mmol# was mixed with Cu"NO2#1=2H1O
"3 mmol# in ethanol and the subsequent
addition of L"¦#!ascorbic acid resulted in a
clear yellow to orange solution[ To this solu!
tion\ an aqueous solution of KX was added
dropwise\ the mixture was boiled for several
minutes and allowed to stand over several
hours to produce the complex[

Crystals of the yellow copper"I# chloride complex
suitable for X!ray structure analysis were prepared by
the procedure given under "i#\ except that ethanol was
used as the medium and a very slow evaporation of
the solvent was used[

Elemental analysis results of the isolated complexes
are given in Table 0[

Physical measurements

The IR absorption spectra of solid samples were
measured as KBr pellets using a Bruker IFS!14 model
FTÐIR spectrophotometer[ Raman spectra were
obtained using a PerkinÐElmer System 1999 NIR FTÐ
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Raman spectrometer[ The laser power was ca[
199 mW[ Electronic spectra of complexes were mea!
sured as solids mulled in Nujol using a varian cary!4
double beam spectrophotometer[ The experimental
procedures and instruments used for other measure!
ments are as described previously ð01Ł[

X!ray structure analysis of dimeric CuCl"3!benzoyl!
pyridine# complex "0#

Intensity data were collected at 183 K on a MSC:
Rigaku RAXIS IIc imaging plate system\ with a
rotating!anode X!ray source "MoÐKa radiation\
l�9[60962 A� # ð02Ł and corrected for absorption using
the ABSCOR program ð03Ł[ Information concerning
crystallographic data and structure re_nement are
summarized in Table 3[

The structure was solved by Patterson super!
position and Fourier methods[ All non!hydrogen
atoms were subjected to anisotropic re_nement[ The
aromatic hydrogen atoms were generated geo!
metrically "CÐH _xed at 9[85 A� #\ allowed to ride on
their respective carbon atoms and included in struc!
ture!factor calculations with assigned isotropic ther!
mal parameters[

All computations were performed on a DEC Micro
VAX!II computer with the SHELXTL!PLUS system
ð04\ 05Ł[ Analytical expressions of neutral atom scat!
tering factors\ incorporating the real and imaginary
components of anomalous dispersion\ were employed
ð06Ł[ Least!squares re_nement converged to the R
indices and other parameters\ as listed in Table 3[
Selected bond distances and angles are listed in Table
4[ Positional parameters\ anisotropic thermal par!
ameters\ hydrogen atom coordinates\ a full list of
bond lengths and angles and observed and calculated
structure factors have been deposited with the editor
as supplementary material^ copies are available on
request[

RESULTS AND DISCUSSION

The reaction between copper"I# salts and 3!Bzpy
a}orded the complexes given in Table 0[ 3!Ben!
zoylpyridine\ therefore behaves di}erently from ethyl
isonicotinate which a}ords copper"I# halide com!
plexes of the type CuLnX\ where n�0 and 1\ and
complexes of the type ðCuLnŁX\ where n�1\ 2 and 3
for X�NO2 and ClO3 ð07Ł[ All the isolated complexes
are colored and su.ciently stable against air!
oxidation when well!dried[ In acetone and DMF\ the
neutral complexes gave non!conducting solutions\
whereas the nitrate and perchlorate complexes behave
as 0]0 electrolytes ð08Ł with molar conductivities in the
range 014Ð039 V−0 cm−1 mol−0 in acetone[ Thus\ the
last two complexes may be formulated as ðCuL1ŁX\
possessing ionic structures in acetone[

IR and Raman spectra

The IR and Raman spectra "Table 1# of free 3!Bzpy
and its copper"I# complexes are similar except the
systematic shifts of the vibration bands related to the
pyridine moiety as expected for N!ligating pyridine
ligands ð19Ł[ The carbonyl stretching vibrations
appear almost at the same positions in complexes as
well as in free 3!Bzpy[ In the far IR region\ 199Ð
399 cm−0\ no bands could be attributable to terminal
nCuÐCl or nCuÐBr\ suggesting bridging halide atoms
whose copperÐhalogen absorption bands are expected
below 199 cm−0 ð10Ł[ For 0]0]0 Cu] bridging halide]
monodentate ligand\ there are several possible struc!
tures including dimer\ cubane\ stepped cubane\ stair
and split stair ð6Ł[

As seen from Table 2\ the n1 vibration mode of the
perchlorate group in Cu"3!Bzpy#1ClO3 is split into
three peaks at 0037\ 0009\ 0937 cm−0 "IR# and 0059\
0938\ 0914 cm−0 "Raman#[ For the n2 mode\ at least
two peaks are observed in the IR spectrum\ but only
one peak in the Raman[ These results are consistent
with a bidentate perchlorate group ð10Ł[ The spectral
results of the nitrate 0]1 complex are consistent with
a bidentate nitrato group ð10Ł[ A distorted tetrahedral
structure is therefore assigned for the monomeric per!
chlorato and nitrato complexes[

The 0]0 azide complex shows a very strong band at
1929 cm−0 "IR# and a weak line at 1969 cm−0 "Raman#
associated with the nas"N2#mode[ In the 0249Ð
0149 cm−0 region\ we would not assign any absorption
band related to the ns"N2#mode due to the absorption
bands of the ligand and\ therefore\ the IR spectra
could not tell us whether the azide group is symmetric
or asymmetric in this complex[ For symmetric azide
groups\ the ns"N2#mode is expected to be IR inactive
but Raman active[ The Raman spectrum of the azide
complex shows a medium to strong band at
0225 cm−0\ suggesting symmetric azide[ As symmetric
azide groups of the type m!0\2 bridging in the complex
ðCu"Ph2P#1"N2#Ł1 exhibit a nasN2 band at 1942 cm−0

ð11Ł\ we may assign bridging azides of the type m!0\0\2
in this complex since azido ligands of this type usually
absorb around 1939Ð1919 cm−0 ð12\ 13Ł[ For the 0]0
thiocyanato complex\ a single nCN band is observed
above 1099 cm−0\ a result which is suggestive of bridg!
ing thiocyanato groups ð14Ł[ The anionic complex\
ðCu"SCN#1Ł−\ which contains two independent thio!
cyanato groups^ a terminal and a m!N\S\S shows two
nCN bands at 1094 and 1974 cm−0[ The later band is
related to the terminal N!thiocyanate\ whereas the
former is due to the second group ð01Ł[ We may assign
m!N\S\S bridging thiocyanate in the 0]0 complex[ The
results given for the 0]0 cyano complex with such
higher nCN bands compared with those for terminal
cyanides ð1964Ð1984 cm−0[Ł ð15Ł\ or the bridging Ð
CNÐ group ð1099Ð1094 cm−0[Ł ð16Ł\ suggest a struc!
ture similar to that of CuCN=NH2 ð17Ł\ in which the
cyano group acts as a tridentate ligand[
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Table 1[ Infrared and Raman spectra "cm−0# of 3!benzoylpyridine and copper"I# complexes

3!Bzpy Cu"3!Bzpy#Cl Cu"3!Bzpy#I
IR Raman IR Raman IR Raman Assignments

111 ms 121 w 118 wm nCuÐN"L#
111 ms 131 w 142 w
178 ms 200 vw 203 w

269 vw 265 w
272 wm 275 w 289 w
396 w 315 w 329 w 312 w 314 w ring\ pyridine:phenyl

361 m 314� vw 340 w 354 vw 343 w 359 w
457 w 460 wm 479 wm 471 w 472 w 473 w

507 wm 504 vw 508 w 505 w 503 w ring
527 vs 539 w 534 s 537 w 535 m 535 wm ring

552 wm 557 w 582 m 559 w
584 vs 583 vs 582 m ring

611 ms 619 w 618 wm 619 w 619 wm ring
634 s 637 m 634 wm 649 m 634 w 649� wm
671 ms 676 wm 689 m 681 wm
736 ms 734 m 731 vw 738 w 749 w 396¦314

754 w 759 ms 759 w 769 w ring
788 w 892 vw 784 vw
832 ms 831 ms 849 w 831 wm 834 w

884 vs 885 w 0990 s 886 ms 0990 ms
885 wm 0990 vs 0908 vw 0907 vs 0906 vs ring breathing
0916 wm 0917 m 0961 wm 0954 ms 0959 wm 0940 vs ring breathing
0963 m 0953 m 0041 m 0041 s 0042 wm 0040 s ring
0038 m 0043 vs 0079 m 0074 ms 0067 w 0061 wm ring
0066 wm 0067 m 0106 w 0101 m 0107 w 0119 m ring
0129 m 0104 m 0167 vs 0179 w 0168 ms 0179 w ring
0179 vs 0173 wm 0299 s 0209 w 0209 wm
0399 m 0393 ms 0394 w
0322 m 0304 vw 0328 m 0331 w 0326 m 0339 w ring

0499 0421 wm 0424 wm
0423 m 0463 w 0469 m 0474 m 0473 m 0474 wm ring
0473 ms 0472 ms 0487 vs 0486 vs ring

0483 vs 0595 vs 0598 w 0594 s
0531 vs 0544 vs 0549 vs 0547 vs 0538 vs 0548 vs nC1O

w weak\ m medium\ s strong\ v very[

Table 2[ Vibrational frequencies "cm−0# of the perchlorate\ nitrate\ cyanide and thiocyanate anions

CO3 or NO2

nCN or nCS or
n0 n1 n2 nas"N2# ns "N2#

Compound IR Raman IR Raman IR Raman IR Raman IR Raman

Cu"3!Bzpy#1ClO3 823 sh 821 ms 0037 vs 0059 s 527 s 551 wm
0009 vs 0938 s 514 s
0973 vs 0914 s

Cu"3!Bzpy#1NO2 0269 s 0269 vs
Cu"3!Bzpy#CN 1053 ms 1055 vs

1029 vs 1021 vs
Cu"3!Bzpy#SCN 1094 vs 1008 w 634 689 m
Cu"3!Bzpy#N2 1929 vs 1969 w − 0225 m
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Table 3[ Data collection and processing parameters

Empirical formula C01H8ClCuNO
color\ habit yellow plate
Crystal size 9[93×9[19×9[19
Crystal system Triclinic
Space group P0¹
a "A� # 2[47"0#
b "A� # 7[454"0#
c "A� # 05[165"1#
a "># 84[91"0#
b "># 81[01"0#
g "># 090[09"0#
volume "A� 2# 413[8"2#
Z 1
Formula weight 171[1
Density "calc# 0[674 Mg:m−2

Absorption coe.cient 1[295 mm−0

F"999# 173
Di}ractometer Rigaku RAXIS IIc
Radiation MoÐKa "l�9[60962# A�

Temperature "K# 183
Collection range −3¾h¾3\ −09¾k¾09

19¾0¾9
1u range 2[9 to 44[9>
Independent re~ections 0657 "Rint�1[58)#
Observed re~ections 0482 "F×3[9s"F##
Extinction correction $�9[9914"01#\ where F��Fð0¦9[991 $F1:sin"1u#Ł−0:3

Weighting scheme w−0�s1"F#¦9[9992F1

Number of parameters\ p 035
Final R indices "obs[ data# R�5[90)\ wR�5[48)
R indices "all data# R�6[09)\ wR�22[82)
Goodness!of!_t\ S 0[83
Largest and mean D:s 9[991\ 9[999
Residual extrema 9[58 to −9[77 eA� −2

Structure of the 0]0 copper"I# chloride complex

The structure determination has shown the title
complex as ðCuCl"3!benzoylpyridine#Ł1 "Figures 0 and
1#\ another example of a metalÐhalide monodentate
ligand with hetero atoms of the stoichiometry CuClL\
to be structurally characterized[ This dinuclear com!
plex is disposed about a crystallographic inversion
center with a planar Cu1Cl1 rhombohedral core of
alternating copper and chlorine atoms[ The CuÐCl
distance of 1[180"1# and 1[212"1# A� are shorter than
those usually observed for ðCuClLŁn polymeric pleated
sheets where each copper has three chlorine neigh!
bours ðav[ 1[309 A� Ł ð18Ð20Ł[ The CuÐN bond length is
a little shorter than that found "1[924"3# A� # in ðCuI"1!
benzoylpyridine#Ł1 ð00Ł\ but very close to the cor!
responding value of 0[884"6# A� found in ðCuClLŁ\
where L is isonicotinic acid ð21Ł[

The structure of the title complex with a trigonal
planar geometry about each copper atom is one of
the rare examples of copper"I# chloride complexes of

nitrogen donor ligands of such stoichiometry having
three coordinate copper atoms[ Three coordinate cop!
per"I# complexes are known for ðCuL2Ł¦\ L is 1!pico!
line ð2Ł\ ðCuXL1Ł\ for X�Cl or I ð22Ł and ðCulLŁ1 for
L�1\5!dimethylpyridine ð20Ł\ in all of these examples\
the steric hinderance of the methyl group"s# in the
pyridine ring is the reason for such coordination
number 2 and not the usual tetrahedral geometry[ In
case of complex "0#\ however\ there is no such steric
hindrance[ The existence of a bulk group\ such as a
benzoyl in position 3 in the pyridine ring is responsible
for the formation of a dimer complex with three coor!
dinate copper\ rather than polymeric pleated structure
with four coordinate copper atoms[ This explains why
we could not isolate copper"I# halide complexes of
this ligand with ligand content higher than 0]0]0[ The
Cu===Cu separation of 1[842 A� in the present structure
is comparable with the corresponding value found
"1[884"2# A� # in the structure of ðCuCl"1\3!dimethyl!
pyridine#1Ł1 ð23Ł\ but shorter than that found
"2[034"2# A� # in the structure of ðCuCl"1!Picoline#1Ł ð23Ł[
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Table 4[ Bond lengths "A># and bond angles"># for ðCuCl"3!benzoylpyridine#Ł1 complex

Cu"0#ÐCl"0# 1[180"1# Cu"0#ÐN"0# 0[881"3#
Cu"0#ÐCl"0A# 1[212"1# N"0#ÐC"4# 0[232"5#
N"0#ÐC"0# 0[229"5# C"0#ÐC"1# 0[258"6#
O"0#ÐC"5# 0[196"4# C"2#ÐC"3# 0[270"6#
C"1#ÐC"2# 0[283"5# C"3#ÐC"4# 0[260"6#
C"2#ÐC"5# 0[383"6# C"6#ÐC"7# 0[282"5#
C"5#ÐC"6# 0[368"5# C"7#ÐC"8# 0[279"5#
C"6#ÐC"01# 0[277"6# C"09#ÐC"00# 0[262"6#
C"8#ÐC"09# 0[255"8# C"00#ÐC"01# 0[264"6#
Cu"0#ÐCu"0A# 1[842

Cl"0#ÐCu"0#ÐN"0# 019[3"0# Cl"0#ÐCu"0#ÐCl"0A# 002[4"0#
N"0#ÐCu"0#ÐCl"0A# 006[2"0# Cu"0#ÐN"0#ÐC"0# 019[1"2#
Cu"0#ÐCl"0#ÐCu"0A# 002[4"0# C"0#ÐN"0#ÐC"4# 006[9"3#
Cu"0#ÐN";#ÐC"4# 011[6"2# C"0#ÐC"1#ÐC"2# 008[1"3#
N"0#ÐC"0#ÐC"1# 012[6"3# C"1#ÐC"2#ÐC"5# 007[1"3#
C"1#ÐC"2#ÐC"3# 006[2"3# C"2#ÐC"3#ÐC"4# 008[7"3#
C"3#ÐC"2#ÐC"5# 013[0"3# O"0#ÐC"5#ÐC"2# 007[5"3#
N"0#ÐC"4#ÐC"3# 012[9"4# C"2#ÐC"5#ÐC"6# 019[5"3#
O"0#ÐC"5#ÐC"6# 019[7"3# C"5#ÐC"6#ÐC"01# 008[0"3#
C"5#ÐC"6#ÐC"7# 010[4"3# C"6#ÐC"7#ÐC"8# 008[0"4#
C"7#ÐC"8#ÐC"09# 010[9"4# C"8#ÐC"09#ÐC"00# 019[3"4#
C"7#ÐC"6#ÐC"01# 008[2"3# C"6#ÐC"01#ÐC"00# 019[5"3#
C"09#ÐC"00#ÐC"01# 008[5"4#

� Symmetry transformation] a "−x\−y\−z#[

Fig[ 0[ Perspective view of the structure of the ðCuCl"3!benzoylpyridine#Ł1 dimer with atom labelin` scheme[

Electronic absorbtion spectra

The electronic absorption spectra of the solid com!
plexes mulled in Nujol "Table 5 and Fig[ 2# exhibit a
strong absorption band in the visible region due to
charge transfer transitions from Cu "I# d09 to the
empty p� orbital on the pyridine ligand[ The MLCT
bands is dependent on the nature of the counter ion\
as found for other copper"I# complexes ð24Ł[ That the
position of the MLCT bands appear at lower energies
in the case of the redÐbrown 0]0 azide and thiocyanate
complexes re~ects the in~uence of these anions on the
MLCT[ These ligands enhance the MLCT transitions\
particularly the azide one[

Emission spectra

Table 5 and Figs 3Ð5 summarize the results of the
emission and excitation spectra of the isolated cop!
per"I# complexes in the solid state at room tempera!
ture[ The following points are observed[ "0# The
emission spectra of the 0]0 halide and pseudohalide
complexes exhibit a single slightly asymmetric band
in the range 475Ð531 nm\ whereas the 0]1 nitrate and
perchlorate complexes show their emission bands in
the range 357Ð493 nm with more than one maxima[
"1# The emissions\ as well as the excitation spectra of
the nitrate and perchlorate complexes\ could not be
distinguished from each other[ "2# The luminescence
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Fig[ 1[ Paking in the unit cell of ðCuCl"3!benzoylpyridine#Ł1 dimer[

Table 5[ Electronic\ excitation and emission spectra of solid complexes at room temperature

Complex labs
max "a# "nm# lem

max "b# "nm# lex
max "c# "nm#

Cu"3!Bzpy#Cl 269Ð349 531 248\ 286\ 357
Cu"3!Bzpy#Br 249Ð349 599 247\ 286
Cu"3!Bzpy#I 399 520 248\ 287\ 357
Cu"3!Bzpy#CN 319 475 249\ 394\358
Cu"3!Bzpy#SCN 399Ð449 359 246\ 286\ 357
Cu"3!Bzpy#N2 399Ð449
Cu"3!Bzpy#1NO2 264 358\ 372\ 493 223\ 248\ 391
Cu"3!Bzpy#1ClO3 264 358\ 372\ 491 223\ 248\ 3912

"a# Solid samples are measured as Nujol mulls[
"b# Emission maxima "excitation wavelength at lex

max#[
"c# Excitation maxima "monetored at lem

max#[

spectra of these solid complexes proved independent
of the excitation wavelength at room temperature[ "3#
It is also observed that the lem

max changes from 531 for
the chloride to 520 nm for the iodide complex\ i[e[\ the
emission maxima is shifted to a lower energy on going
from the iodide complex to the chloride[ "4# The 0]0
bromide complex shows its lem

max at 599 nm and its
excitation spectrum di}ers a little from the other hal!
ide complexes[

Extensive studies of the emission spectra of a series
of ðCuI"pyÐX#Ł3 complexes\ both in solid state and in

solutions at room temperature and at 66 K\ have been
undertaken ð25Ð27Ł[ These complexes display two
emission maxima^ a low energy "LE# band "519Ð
587 nm# and a high energy "HE# band "329Ð439 nm#[
The LE band was observed for complexes with CuÐ
Cu distances less than the summed Cu"I# Van der
Waals radii "1[7 A� # and considered as a property of
the Cu3X3 core and involves extensive interactions
between the copper"I# centers owing to the s bonding
nature of the LUMO for these clusters with short
metalÐmetal distances ð28Ł[ The HE band\ which was
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Fig[ 2[ Electronic absorption spectra of "****# Cu"3!
Bzpy#1ClO3^ "** **# Cu"3!Bzpy#Cl^ "**==**# Cu"3!

Bzpy#I^ "**=**# Cu"3!Bzpy#SCN[

also observed for ðCuXpyŁn\ was attributed to metal!
to!ligand charge transfer "MLCT# or halide!to!ligand
charge transfer "XLCT# ð39Ł[ In order to assign the
emission spectra of the present complexes\ the fol!
lowing points have to be considered[ "0# The structure
of the chloride complex\ as shown by crystal structure
analysis is a dimer and not a cubic tetramer[ "1# The
CuÐCu distance of 1[842 A� in the chloride complex
exceed the 1[7 A� value required for emission due to
the CuÐCu interactions as observed in complexes hav!

Fig[ 3[ Excitation and emission spectra of solid ðCuCl"3!Bzpy#Ł1 complex at room temperature[

ing the Cu3X3 core[ "2# Point 3\ given above\ is con!
sistent with what has been observed previously ð30Ł
that the emission bands for the chloride clusters occur
at lower energy than the HE bands of the respective
iodide clusters[ Thus\ the emitting state in the present
copper"I# halides or pseudohalide complexes of 3!
benzoylpyridine would be triplet MLCT or XLCT
excited states[ That the position of the emission lmax

for the present complexes appear at lower energies
"475Ð531 nm# compared with those of ðCuI"py#Łn or
the HE bands of ðCuI"py#Ł3 is due to the fact that the
HE band energies are quite sensitive to substituents on
the pyridine] electron withdrawing substituents shift
these to lower values ð30\ 31Ł[ X!ray powder di}rac!
tion has shown the bromide complex to be di}erent
from the chloride or iodide\ this may explain the
di}erence in their emission and excitation spectra[

The 0]1 nitrate and perchlorate complexes display
their emission spectra in the range 357Ð493 nm with
more than one emission maxima\ which di}ers from
the range where the halide complexes emit[ This may
support the assignments of the emission of the halide
complexes as arising from MLCT and XLCT excited
states[ In the case of the 0]1 complexes\ the emission
may arise from the MLCT states\ There is\ however\
another possibility for their emission[ It was found
that when aromatic ligands are packed in parallel
planes separated by 2[114Ð2[168 A� \ it results in emis!
sion spectra of the ligand alone ð31Ł[ As a solution of
3!benzoylpyridine in ethanol displays emission spectra
at room temperature with lem

max at 342 nm and a pro!
nounced shoulder around 381 nm\ the emission
spectra of the nitrate and perchloratye complexes may
arise from ligand interactions alone and from MLCT
interactions between Cu"I# and 3!benzoylpyridine[
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Fig[ 4[ Excitation and emission spectra of solid CuBr"3!Bzpy# complex at room temperature[

Fig[ 5[ Excitation and emission spectra of solid Cu"NO2#"3!Bzpy#1 complex at room temperature[
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