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Abstract

The synthesis and characterization of some copper"I# complexes of the type CuLX\ where X�Cl\ Br\ I\ CN and SCN\ for
L�2!benzoylpyridine and a new red 0]0 copper"I# iodide complex of 3!benzoylpyridine in addition to a yellow compound^ ð"3!
benzoylpyridine#1HŁ = I "0# are described[ The IR and Raman spectral results suggest bridging halide and pseudohalide groups in the
2!benzoylpyridine complexes and re~ect the in~uence of the protonation of the 3!benzoylpyridine on its vibration frequencies[ The
yellow complexes display emission spectra with lmax in the region 354Ð479 nm\ whereas the red complex of 3!Bzpy emits at
lmax�520 nm[ The X!ray structure determination has shown compound "0# to contain a discrete dimeric cation ð"3!ben!
zoylpyridine#1HŁ¦ and an iodide anion[ In the cation\ a centrosymmetric pair of 3!benzoylpyridine is dimerized via a hydrogen bond
of the type N [ [ [ H [ [ [ N with a short N [ [ [ N distance of 1[543"00# A� [ The iodide ion is located at the origin of the unit cell[ Þ 0888
Elsevier Science Ltd[ All rights reserved[
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0[ Introduction

In a series of publications ð0a\0b\1Ł "and references
cited therein# and ð2a\2bŁ\ Hardt et al[\ have reported that
copper"I# halides react with various nitrogen bases\ e[g[
pyridine\ picoline\ etc[ to form compounds that are ~ou!
rescent at room temperature and to change their ~u!
oresence color reversibly on cooling with liquid nitrogen[
However\ in some instances CuXÐligand clusters of the
same stoichiometry "0]0]0# exists in more than one crys!
talline format[ For example\ ðCuI"py#Ł3 is a cube whereas
ðCuI"py#Łn is a pleated sheet polymer ð3\4Ł[ These families
of structures are of particular interest because the emis!
sion behavior of the solid state material varies with struc!
ture[ Thus ð"CuI"py#Łn displays broad band emission at
room temperature and shows no shift of lmax at cooling\
whereas ð"CuI"py#Ł3 displays two emission maxima cor!
responding to di}erent excitation maxima ð5Ł[

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\

� Corresponding author[

SCN and N2\ and orangeÐyellow "CuX#1L complexes for
X�Cl and Br\ and structurally characterized those of the
_rst type for X�Br\ I and CN ð6\7a\7bŁ[ All complexes
of the _rst type display no emission spectra when excited
in the UV region at room temperature[ Whereas com!
plexes of the second type display visible emission[ On the
other hand\ copper"I# complexes of 3!benzoylpyridine
which are yellow display emission spectra at room tem!
perature ð8Ł[ During our trials to prepare crystals of the
yellow 0]0 copper"I# iodide complex of 3!benzoylpyridine
we isolated two compounds\ a red and a yellow crystalline
compounds[ Elemental analysis of the yellow crystals
revealed that it does not contain copper and is formulated
as ð"3!benzoylpyridine#1HŁ I[ As these crystals were suit!
able for X!ray analyses we determined its crystal struc!
ture[ The syntheses and characterization of these
compounds and of the copper"I# complexes of 2!ben!
zoylpyridine which display emission spectra at room tem!
perature are the subject of the present paper[

1[ Experimental

2!Benzoylpyridine "2!Bzpy# and 3!benzoylpyridine "3!
Bzpy# were obtained from Aldrich company and the
other chemicals are of analytical grade quality[
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1[0[ Preparation of complexes

CuI"3!Bzpy#] this complex was prepared by mixing
Cu"NO2#1 = 2H1O and 3!Bzpy in a 0]5 molar ratio in ace!
tone followed by addition of L"¦#!ascorbic acid with
several drops of water[ Upon addition of KI "0]0 molar
ratio with respect to copper# dissolved in the least amount
of water some yellow 0]0 complex was precipitated[ The
_nal heterogeneous mixture was boiled for ca[ 19min\
and then _ltered[ The red _ltrate was allowed to stand
over night to deposit red needles!like crystals of the
complex[

1[1[ ð"3!bezoylpyridine#1HŁ = I "0#

Upon addition of an aqueous solution of KI to an
aqueous solution of Cu"NO2#1 = 2H1O in the presence of
L"¦#!ascorbic acid a white precipitate of copper"I# iodide
if formed[ Solid KI was then added until a clear solution
was obtained[ To this solution\ an excess amount of 3!
Bzpy "four folds with respect to copper# in acetone was
added upon which the solution turns yellow[ This solu!
tion was allowed to stand in a test tube[ After several
days a colorless solid of the organic ligand was obtained
and _ltered o}[ The _ltrate was allowed to stand over two
more days to deposite yellow crystals of the compound[

1[2[ CuX"2!Bzpy#\ X�Cl\ Br\ I\ CN and SCN

These complexes were prepared by one of the following
general procedures

0[ An aqueous solution of Cu"NO2#1 = 2H1O "3mmol#
was mixed with KX or NaX\ followed by the addition
of L"¦#!ascorbic acid[ An ethanolic solution of the 2!
benzoylpyridine ligand "09mmol# was then added and
the mixture stirred for ca 04min[ The _nal mixture
was allowed to stand over several hours or days until
a crystalline product separated[

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

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

1[3[ Physical measurements

The IR spectra of solid samples were measured as KBr
pellets using a Bruker FTIR spectrophotometer[ Raman
spectra were obtained using a Perkin!Elmer System 1999
NIR FT!Raman spectrometer[ The laser power was

about 49mW[ Electronic spectra of complexes were
obtained for solids mulled in Nujol using a Varian Cary!
4 double beam spectrophotometer[ The emission spectra
of the solid samples were obtained using a Aminco Bow!
man 1 apparatus[ The apparatus was calibrated for solid
sample measurements by using an authentic compound[
The experimental procedures and instruments used for
other measurements are as described previously ð8Ł[

1[4[ X!ray crystal structure analysis

A modi_ed STOE four circle di}ractometer was used
for single crystal X!ray measurements[ Orientation
matrix and lattice parameters were obtained by least!
squares re_nement of the di}raction data[ Data were
collected at 187"1#K\ using graphite crystalÐmono!chro!
matized MoKa radiation "l�9[60958A� # and the v!scan
technique[ The intensities were corrected for Lorentz!
polarization e}ects and for absorption[ Crystallographic
data are given in Table 1[

The structure was solved by direct methods and sub!
sequent Fourier analysis[ Anisotropic displacement par!
ameters were applied to nonhydrogen atoms in full!
matrix least!squares re_nements based on F1[ The hydro!
gen atoms were assigned with common isotropic dis!
placement factors and included in the _nal re_nement
cycles by use of geometrical restraints[ Analytical
expressions of neutral atom scattering factors were
employed and anomalous dispersion corrections were
incorporated[ The program DIFABS ð09Ł and the
SHELXT:PC ð00Ł program package were used for com!
putations[ Selected bond distances and bond angles are
given in Table 3[ Additional material consisting of frac!
tional atomic coordinates\ displacement parameters\
observed and calculated structure factors and a complete
lists of bond distances and angles has been deposited with
the Editor[

2[ Results and discussion

The results of the preparation of the complexes given
in Table 0 suggest that 2!benzoylpyridine behaves very
similar to ethyl nicotinate ð01Ł and forms only 0]0 com!
plexes with CuX\ for X�Cl\ Br\ I\ CN and SCN\ whereas
the copper"I# perchlorate\ nitrate and azide complexes
are too easily oxidized to be isolated[ In a previous paper
we reported that 3!benzoylpyridine forms 0]0 complexes
with copper"I# halides and pseudohalides and 0]1 with
the nitrate and perchlorate\ and described the crystal
structure of the 0]0 chloride complex ð8Ł[ However\ when
we tried to prepare crystals suitable for X!ray di}raction
of the corresponding yellow 0]0 copper"I# iodide complex
we isolated a new red complex formulated as Cu"3!
Bzpy#I\ in addition to a yellow crystalline compound
formulated as ð"3!benzoylpyridine#1HŁ I[
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Table 0
Analytical data

Complex Color M[P[ ">C# Analytical^ found:calc[

C H N X Cu

CuCl"2!Bzpy# yellow needle!like crystals 013Ð5 40[3 2[2 4[1 01[7 11[1
dec[ "40[0# "2[1# "4[9# "01[5# "11[4#

CuBr"2!Bzpy# yellow microcryst[ powder 064Ð6 33[9 1[8 3[1 13[7 08[9
dec[ "33[0# "1[7# "3[2# "13[4# "08[4#

CuI"2!Bzpy# pale yellow cryst[ powder 069 27[4 1[3 2[6 23[1 06[1
dec[ "27[5# "1[3# "2[6# "23[9# "06[9#

CuCN"2!Bzpy# yellow powder 46[9 2[3 09[4 12[0
"46[2# "2[2# "09[2# "12[2#

CuSCN"2!Bzpy# yellow _ne needles 40[2 1[7 8[1 19[3
"40[1# "2[9# "8[1# "19[7#

CuI"3!Bzpy# red needle!like crystals 27[3 1[2 2[6 23[0 05[8
"27[5# "1[3# "2[6# "23[9# "06[9#

ð"3!Bzpy#1HŁ = I yellow crystals 46[3 2[8 4[5 14[01
"47[2# "3[1# "4[5# "14[6#

Table 1
Crystal data and structure re_nement for "0#

Empirical formula C13H08IN1O1

Formula weight 383[21
Temperature 187"1# K
Wavelength 9[60958 A�

Crystal system triclinic
Space group p0¹

Unit cell dimensions a�5[523"2# A� \ a�89[42"2#>
b�8[979"4# A� \ b�094[53"2#>
c�8[607"4# A� \ g�093[58"2#>

Volume\ z 432[3"4# A� 2\ 0
Density "calculated# 0[400 Mg:m2

Absorption coe.cient 0[384 mm−0

F"999# 135
Crystal size 9[17×9[15×9[01 mm
u range for data collection 2[95Ð15[99>
Limiting indices −7¾h¾6\ −00¾k¾4\

−00¾l¾00
Re~ections collected 1470
Independent re~ections 1993 "Rint�9[9233#
Absorption correction DIFABS
Max[ and min[ transmission 0[999 and 9[068
Re_nement method Full!matrix least!squares on F1

Data:restraints:parameters 1993:9:023
Goodness!of!_t on F1 9[873
Final R indices ðI×1s"I#Ł R0�9[9459\ wR1�9[0039
R indices "all data# R0�9[9899\ wR1�9[0201
Largest di}[ peak and hole 9[597 and −9[666 eA� −2

All the isolated complexes of 2!Bzpy are yellow and
su.ciently stable\ when well dried\ against air oxidation[
These complexes in addition to the red complex of 3!

Bzpy are insoluble in many polar and nonpolar solvents\
but they are soluble in DMF and DMSO giving rise to
nonconducting solutions[

2[0[ IR and Raman spectra

The IR and Raman spectra of free 2!Bzpy and some
of its copper"I# complexes are collected in Table 2[ The
spectra of the complexes and free 2!Bzpy are similar
except the systematic shifts of the vibrations related to
the pyridine moiety as expected for N!bonded pyridine
ligands ð8Ł[ In the far IR spectra 199Ð399 cm−0\ no bands
could be attributed to terminal gCuÐCl or CuÐBr\ sug!
gesting bridging halide atoms whose copperÐhalogen
absorption are expected below 199 cm−0 ð02Ł "and ref!
erences cited therein#[ For 0]0]0 Cu]bridging hal!
ogen]monodentate ligand\ there are several possible
structures including dimer\ cubane\ stepped cubane\ stair
and split stair ð03a\ 03bŁ[ Thus we could not assign de_nite
structures for the present complexes without X!ray struc!
ture determination[

The yellow 0]0 copper"I# thiocyanato complex shows
a strong band at 1099 cm−0 "IR# and a medium band at
647 cm−0 due to nas CN and ns CS modes\ respectively[
Similar bands have been reported for the ðCuSCN"gly#
"H1O#Łn "gly�glycinate# containing m"N\S# thiocyanato
groups ð04Ł[ The corresponding 0]0 cyano complex exhi!
bits a medium n CN band at 1019 cm−0\ suggesting a
bridging ÐCNÐ ligands as found in ðCuCN"1!Bzpy#Łn
complex ð7a\ 7bŁ[ Thus the pseudohalide complexes like
the halide ones contain trigonal planner three coordinate
copper"I# atoms[



F[A[ Mautner\ M[A[S[ Goher : Polyhedron 07 "0888# 442Ð448445

Table 2
Infrared and Raman spectra "cm−0# of 2!benzoylpyridine and some of its copper"I#
complexes

2!Bzpy Raman Cu"2!Bzpy#Cl Raman Assignments
IR IR

111s nCuÐN"L#
120 s 131 w
178 ms 181 m

269 w
394 w 394 w
399 w 306 w ring

320 w 322 wm 331 w 339 w ring
457 w 461 wm 489 w 472 w
507 w 508 wm 506 w ring
540 wm 550 wm 542 m 531 wm ring
589 m 699s 559 w ring
692 vs 624 s 630 wm 633 s
671 s 676 m 668 wm 681 wm ring¦1×261
729 ms 714 w 711 m 729 w 394¦320

737 w 749 vw 394¦339
819 m 807 w 828 m
836 m 849 wm 841 m 859 w
885 m 0990 vs 885 m 0999 vs ring breathing

0924 m 0914 vs 0919 m 0924 vs ring breathing
0932 m 0928 vs 0938 m 0937 m
0049 m 0045 s 0043 w 0047 vs ring
0063 wm 0070 wm 0074 m 0074 wm
0086 wm 0199 wm 0199 wm 0086 wm ring
0172 vs 0176 m 0171 s 0177 wm 1×540
0323 m 0349 vs 0328 m 0349 w ring
0469 s 0474 vs 0473 s 0474 wm ring

0486s 0485 vs ring
0524 vs 0537 vs 0540 vs 0559 vs nC1O

v very\ s strong\ m medium\ w weak "�# splitted band[

Table 3
Selected bond lengths "A� # and angles "># for "0#

N"0#ÐC"0# 0[220"8# "0#ÐC"4# 0[227"8#
C"0#ÐC"1# 0[279"09# C"1#ÐC"2# 0[268"8#
C"2#ÐC"3# 0[275"8# C"2#ÐC"5# 0[495"8#
C"3#ÐC"4# 0[265"8# C"5#Ð9"0# 0[194"7#
C"5#ÐC"6# 0[368"8# C"6#ÐC"7# 0[275"8#
C"6#ÐC"01# 0[282"8# C"7#ÐC"8# 0[267"00#
C"8#ÐC"09# 0[266"01# C"09#ÐC"00# 0[262"02#
C"00#ÐC"01# 0[279"09# N"0#ÐN"0#(0 1[543"00#

C"0#ÐN"0#ÐC"4# 019[9"5# N"0#ÐC"0#ÐC1# 010[0"6#
C"0#ÐC"1#ÐC"2# 008[7"5# C"1#ÐC"2#ÐC"3# 007[3"5#
C"1#ÐC"2#ÐC"5# 012[1"5# C"3#ÐC"2#ÐC"5# 007[2"5#
C"4#ÐC"3#ÐC"2# 008[0"5# N"0#ÐC"4#ÐC"3# 010[5"5#
O"0#ÐC"5#ÐC"6# 011[1"5# O"0#ÐC"5#ÐC"2# 007[5"5#
C"6#ÐC"5#ÐC"2# 008[1"5# C"7#ÐC"6#ÐC"01# 007[6"6#
C"7#ÐC"6#ÐC"5# 008[1"5# C"01#ÐC"6#ÐC"5# 010[7"5#
C"8#ÐC"7#ÐC"6# 019[4"7# C"09#ÐC"8#ÐC"7# 019[9"7#
C"00#ÐC"09#ÐC"8# 019[4"7# C"09#ÐC"00#ÐC"01# 008[5"8#
C"00#ÐC"01#ÐC"6#

Symmetry transformations used to generate equivalent atoms] (0 −x\ −y\ −z¦0[
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The IR and Raman spectra of the red 0]0 complex of
3!Bzpy are quite similar to those of the parent ligand\
except the systematic shifts of the vibrations related to
the pyridine moiety\ and did not show any band that
could be attributed to terminal CuÐI\ a result which is
suggestive of bridging iodide atom[ As the corresponding
yellow 0]0 complex has been demonstrated by X!ray
di}raction to be a dimer and posses three coordinate
copper"I# atoms ð8Ł\ one may assume a polymer structure
for the new red complex in which the copper atom attains
a tetrahedral geometry[ The IR spectrum of ð"3!ben!
zoylpyridine#1HŁ = I compound shows a substantial shifts
of the pyridine vibrations to higher frequencies when
compared to the corresponding ones of the free ligands[
Thus the bands at 0473\ 0425\ 0038\ 527 and 361 cm−0 in
the IR spectrum of free 3!Bzpy appeared at 0504\ 0449\
0053\ 534 and 373 cm−0 in the compound\ which are
higher than those of the red 0]0 complex[ It was pointed
out ð05Ł that the shifts of the ring vibrations to higher
frequencies\ caused by complex formation of pyridine\
are smaller for transition metal ions than for the H¦ ion[
Therefore the protonation of the pyridine nitrogen atom
in the hydrogen bonded compound is the reason for such
large shifts[ The appearance of medium broad bands
around 2374 and 0844 cm−0 supports the existence of
hydrogen bonding of the type H [ [ [N [ [ [H[ These results
are con_rmed by the structure determination of this com!
pound[

2[1[ Structure of ð"3!benzoylpyridine#1HŁ = I compound

The crystal structure of the title compound "0# consists
of a packing of ð"3!benzoylpyridine#1HŁ¦ cations and I−

anions "Fig[ 0#[ The two benzoylpyridine molecules are
bridged by a proton to form a dimeric cation through
hydrogen bonding of the type N [ [ [H [ [ [N or N [ [ [HÐ
N with a N [ [ [N distance of 1[543"00#A� [ This dimeric
cation is very similar to that observed in the case of
ð"methyl quinaldate#1HŁ¦[ðAuBr3Ł−\ except that the
N [ [ [N distance of 1[77"0#A� ð06Ł\ is longer than in "0#[

Fig[ 0[ Prespective view of the structure of the dimer ð"3!benzoylpyridine#1HŁ = I\ along with the atom labelling scheme[

Somewhat surprisingly\ the bond lengths of the 3!ben!
zoylpyridine molecules in the hydrogen bonded cation
are close to those reported for N!coordinated 3!ben!
zoylpyridine in its copper"I# chloride complex ð8Ł[
However\ the main e}ect of the coordination to copper"I#
manifests itself in the bond angles of 3!benzoylpyridine
where the C"0#ÐN"0#ÐC"4# and C"1#ÐC"2#ÐC"5# angles
decrease from 019[9 and 012[1> in "0# to 006[9 and 007[1>\
respectively\ while the angles N"0#ÐC"4#ÐC"3# and N"0#Ð
C"0#ÐC"1# increase from 010[5 and 010[0> in "0# to 012[9
and 012[6>\ respectively in ðCuCl"3!benzoylpyridine#Ł1
complex ð8Ł[ The iodide anion in the present compound
is located at the origin of the unit cell "Fig[ 1#[

2[2[ Electronic spectra

The electronic spectra "Table 4# of all copper"I# com!
plexes mentioned here exhibit strong absorption bands
in the 269Ð319 nm range for the yellow complexes of 2!
Bzpy and around 419 nm for the 0]0 iodide complex of
3!Bzpy[ These bands are due to charge transfer tran!
sitions from CuI d09 to an empty p� orbital on the ben!
zoylpyridine ligands[ The positions of these bands are
very similar to those reported for corresponding com!
plexes of other pyridine derivative ligands ð07Ð19Ł[

2[2[ Emission spectra

The results of the room temperature emission spectra
of the solid copper"I# complexes are collected in Table 4[
All these complexes display emission spectra at room
temperature with lem

max in the range 357Ð466 nm for those
derived from 2!Bzpy and at 531 nm for the red 0]0 cop!
per"I# iodide complex of 3!Bzpy[ The spectrum of each
of these complexes consists of a single slightly asymmetric
band as seen from Fig[ 2[

Previous studies ð10Ð14Ł of the emission spectra of cop!
per"I# halides of pyridine and pyridine derivatives has
shown that these complexes display high energy "HE#
band "329Ð439 nm# and low energy "LE# band "519Ð



F[A[ Mautner\ M[A[S[ Goher : Polyhedron 07 "0888# 442Ð448447

Fig[ 1[ Packing in the unit cell of ð"3!benzoylpyridine#1HŁ = I[

Table 4
Electronic and emission spectra

Complex lmaxabsa "nm# lem
max

b "nm#

CuCl"2!Bzpy# 309 357
CuCl"2!Bzpy# 309 467
CuI"2!Bzpy# 399 435
CuCN"2!Bzpy# 319 458
CuSCN"2!Bzpy# 319 466
CuI"3!Bzpy#"H1O# 419 520

aSolid samples are measured as Nujol mulls[
bEmission maxima "excitation wavelength at 249 nm\ except for the

bromide^ lex�286 nm[

587 nm#[ The former was observed for ðCuX"py#Ł3 com!
plexes having cubane structure with Cu [ [ [ Cu distances
of less than 1[7A� \ whereas the later band was observed
also for polymeric ðCuX"py#Łn complexes[ It was pointed
out ð15\16a\16bŁ that the energies of the HE band are
quite sensitive to substituent on the pyridine^ electron
withdrawing substituent shifts these bands to lower

Fig[ 2[ Emission spectra of solid complexes\ "a# Cu"2!benzoyl!
pyridine#Cl\ "b# Cu"2!benzoylpyridine#Br\ "c# Cu"2!benzoylpyridine# = I
and "d# Cu"3!berizoylpyridine# = I[

energy values[ The results given in Table 4 suggest that the
emission spectra of the complexes of 2!Bzpy experience a
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substantial shift to lower energies when compared
with corresponding complexes of pyridine
ð10\11\12a\12b\13\14Ł[ Thus the emission band observed
here is the HE band and is attributed to metal!to!ligand
charge transfer "MLCT# or halide!to!ligand charge trans!
fer "XLCT# ð17Ł[ The position of the lmax of the emission
band observed for the 0]0 iodide complex of 3!Bzpy sug!
gests that the HE band is not only sensitive to the nature
of substituent group\ but also sensitive to its position in
the pyridine ring[ The results given here suggest that the
energies of the emission band decrease in the order py×2!
Bzpy×3!Bzpy[ The yellow 0]0 copper"I# iodide complex
3!Bzpy exhibits its emission band at lmax�520 nm[ Thus
the position of the emission band is sensitive to the ster!
eochemistry of the copper"I# complex[
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