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Bis(9-(2-ethoxycarbonyl ) phenyl-3,6-bis(ethylamino)-2,7-dimethylxanthylium)
tetrachlorocopper(II) trihydrate solvate (1) was obtained by reaction of rhodam-
ine 6G with CuCl,6H,0 in the presence of hydrochloride under reflux for 1 h,
the structure of which was determined by X-ray diffraction. The complex belongs
to the monoclinic space group C2/c, with a=28.271(7), b=14.829(2), c=
15.892(3) A, B=117.29(1)°, V'=5921(2) A3, Z=4, R, =0.0994, wR,=0.2424.
The copper ion is located on crystallographic two- fold axis and has a coordination
geometry intermediate between tetrahedral and square planar. There are hydro-
gen-bonding interactions among tetrachloro cuprate(2—) ions and rhodamine
6G cations, and n-7m stacking interactions between rhodamine 6G cations.
Another transition metal complex of rhodamine 6G bis(9-(2-ethoxycarbonyl)-
phenyl-3,6-bis(ethylamino)-2,7-dimethylxanthylium) tetrachloro manganese(I1)
demiethanol so]vate (2) was prepared by reflux of ethanol solution of rhodamine
6G and MnCl,6H,0 for 1h. This complex crystallizes in the triclinic space
group P, with a= 11 677(2), b=12. 532(1), ¢=20.683(1) A, 2=99. 42(3), B=
99.57(1), y=96.46(2), V'=2913.8(5), Z=2, R,;=0.0659, wR,=0.1300. The
anion MnCl,2~ exhibits a very slightly dlstorted tetrahedron with Mn—Cl bond
distances 2.355(1)-2.375(1) A. All chlorine atoms in MnCl4 ~ are hydrogen-
bonded to the ethanol molecules and rhodamine 6G cations, and there are n—n
stacking interactions between rhodamine 6G cations. Blue-shifts were observed
in the solid state fluorescence of complex 1 and 2 with respect to rhodamine 6G.
The larger blue-shift of complex 1 relative to that of complex 2 could be
attributed to the packing effects. In addition, the IR spectra of two compounds
are discussed and related to their structures.

Rhodamine 6G and its derivatives, with their excellent
photophysical properties, have found applications in
concentrators of solar diagnostic devices,! in electro-
luminescent devices,? in tunable lasers,® and in photo-
graphic® and fluorescence depolarization diagnostic
devices.> Furthermore, they have been extensively used
in medical science, biology and analytical chemistry.®’
Recently, the complexes of rhodamine 6G with a metal
ion have also aroused considerable interest.®~'° Pre-
viously, we reported the first crystal structure example
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of rhodamine 6G with cadmium ions, R,[CdCl,]-
EtOH -H,0."' Compared to the crystal structure of
9-[2-(ethoxycarbonyl)phenyl] -3,6 -bis (ethylamino) -2,7 -
dimethylxanthylium iodide monohydrate RI - H,0,? the
former was found to possess n—m stacking interaction,
suggesting that the different anions have an influence on
the aggregative properties of cations of rhodamine 6G.
In this area, we here extend the research on complexes
of rhodamine 6G with other metal ions. This paper
reports the crystal structures of R,CuCl,-3H,0O and
R,MnCl, - (EtOH),,,, and their luminescence spectra in
the solid state.
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Experimental

Synthesis. Rhodamine 6G was obtained from E. Merck
and was used without further purification.

R,CuCl,;+3H,0 (1). To an ethanol solution of rhodam-
ine 6G (2 mmol, 20 ml) was added an aqueous solution
of CuCl, - 6H,0 (1 mmol, 5ml) with stirring. Then an
excess of concentrated hydrochloride was added dropwise
during a reflux period. After 1 h, the solution was cooled
to room temperature and left to evaporate for several
weeks to give deep shiny green crystals, yield 90%.
Anal. Found: C, 58.5; H, 6.1; N, 4.8. Calc. for
R,CuCl, - 3H,0: C, 58.67; H, 5.98; N, 4.98%.

R;MnCl,- (EtOH),;, (2). 1 mmol MnCl,-6H,0 was
dissolved in 20 ml of ethanol, and then 20 ml of ethanol
solution of rhodamine 6G(1 mmol) was added. The
shiny red solution was refluxed for 1 h, whereafter brown
red crystals were obtained by slow evaporation at room
temperature for a few days, yield 75%. Anal. Found: C,
61.6; H, 3.0; N, 2.4; Calc. for R,MnCl,-(EtOH),,: C,
61.85; H, 2.96; N, 2.53%.

Physical measurements. Elemental analyses for C. H and
N were performed on a Perkin-Elmer 240 analyser. IR
spectra were obtained with KBr pellets in the
4000-400 cm ™! region, using a Nicolet 170 SX-FTIR
spectrophotometer. Luminescence spectra were recorded
on a HITACHI 850 fluorescence spectrophotometer at
room temperature (298 K).

X-Ray structure determination of R,CuCl,-3H,0 (1). A
shiny violet—green, prismatic crystal was cleaved from a
larger sample, selected for X-ray analysis and mounted
on an Enraf-Nonius CAD4 diffractometer. Crystal data,
collection and refinement details are listed in Table 1. A
systematic search in a limited hemisphere of reciprocal
space gave a set of diffraction maxima corresponding to
a monoclinic space group, either Cc or C2/c. The struc-
ture was then solved by the direct method in space group
Cc. The origin of the cell was later shifted to a center of
inversion in a C2/c cell. Cell parameters were obtained
by a least-squares fit of 25 reflections in the range 5-11°.
Intensity data were measured using the o scan technique.
A total of 5355 reflections were collected, of which 5251
were independent ones [R(int) =0.0601]. 2156 reflections
observed with 7>2c(I) were used in the structure solu-
tion and refinement. Intensity y-scan data were corrected
for Lorentz and polarization effects.

The structure was solved by the direct method using
SHELXS86' and refined using SHELX93.!'* All non-
hydrogen atoms except the disordered water molecules
were refined anisotropically. Hydrogen atoms were posi-
tioned geometrically and refined with riding mode.
Residual electron density peaks were scattered around
the 1.5 disordered water molecules which were assigned
occupancies 0.5, 0.33, 0.33 and 0.33. The refinement
was based on F2. With weights w=1/[c*(F,%)+
(0.1481P)%+0.0000P], P=(F,>+2F.?)/3, the final resid-
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uals were R;=0.0994, wR,=0.2424. The maximum
shift/e.s.d. ratio after final refinement cycle is 0.002.

X-Ray structure determination of R,MnCly- (EtOH),,,
(2). A shiny red, octahedral crystal was selected for
X-ray analysis. The intensities were collected at 291(2) K
on a Siemens P4 four-circle diffractometer with monoch-
romated MoKa (A =0.71073 A) radiation using 0/20 scan
mode with a variable scan speed 5.0-50.0° min~! in .
The data were corrected for Lorentz and polarization
effects using XSCANS.!® Details of crystal data, collec-
tion and refinement are listed in Table 1.

The structure was solved by the Patterson method and
refined on F,? by full-matrix least-squares methods using
SHELXTL version 5.0'® on a Pc-586. Analytical expres-
sions of neutral-atom scattering factors were employed
and anomalous dispersion corrections were incorpor-
ated.'” All the non-hydrogen atoms were refined aniso-
tropically. Hydrogen atoms were placed in calculated
positions (C-H, 0.96; N-H, 0.90; and O-H, 0.85 A) and
assigned fixed isotropic thermal parameters at 1.2 times
(1.5 times for methyl groups). The equivalent isotropic
U factors of the atoms to which they are attached (1.5
times for the O-H and methyl groups) and allowed to
ride on their respective parent atoms. The contributions
of these hydrogen atoms were included in the structure-
factor calculations.

Results and discussion

Atomic coordinates for the non-hydrogen atoms of com-
plexes 1 and 2 are given in Tables 2 and 3. Relevant
bond distances and angles are listed in Tables 4 and 5.

Crystal structure of R,CuCl,-3H,0 (1). The structure
of complex 1 consists of discrete CuCl,?>~ anions, rhoda-
mine 6G cations and water molecules (Fig.1). Like
R,[CdCl,] - EtOH - H,0,!* complex 1 does not display a
perovskite-type layer compound feature due to the lack
of a primary ammonium cation, although such a struc-
ture was obtained under acidic conditions. To our know-
ledge, the perovskite-type layer compounds, with general
formula (C,H,,,,;NH;),MX, (with M=Cd?**, Mn?*,
Cu?*, ..., X=C], Br), were obtained by mixing alcoholic
solutions of n-alkylammonium chloride (prepared by
HCI on the corresponding amine) and MX,.'® The
crystalline structure of these compounds consists of
alternating two-dimensional layers built up from corner-
sharing MXg octahedra and aligned alkylammonium
chains occupied between these layers. The NH; polar
ends of the chains are linked to the chlorine matrix by
hydrogen bonds, whereas the CH; ends of the chains are
directed towards the interlayer space and are interacted
each other through van der Walls forces.'® The copper
ion in complex 1 locates on a crystallographic two-fold
axis and has a coordination geometry intermediate
between tetrahedral and square planar. This geometry
is very similar to that of [CsH,N,],[CuCl,]-H,0"
and [CsH;N,0],[CuCl,],"® but different from that of



Table 1. Crystal data for R,CuCl, - 3H,0 (1) and R;MnCly - (EtOH),; (2), R =9-(2-ethoxycarbonyl)phenyl-3,6-bis(ethylamino)-2,7-

dimethylxanthylium.

TRANSITION METAL COMPLEXES OF RHODAMINE 6G

Compound 1 2

Formula C56H63Cl4CUN409 C57H65C|4MnN405.5
Formula mass 1146.48 1106.87

Colour, Habit Shiny green, prism Shiny red, octahedraon
Crystal system Monoclinic Triclinic

Space group C2/c P1

Wavelength/A 0.71073 0.71073
Temperature/K 300(2) 291(2)

a/A 28.271(7) 11.677(2)

b/A 14.829(2) 12.532(1)

c/A 15.892(3) 20.683(1)

o/° 90.00 99.42(3)

B/° 117.29(1) 99.57(1)

Y/, 90.00 96.46(2)

V/A3 5921(2) 2913.8(5)

V4 2 2

D./gem™3 1.286 1.262

Crystal size/mm 0.3x0.25x0.2 0.35x0.42 x0.53
F(000) 2404 1160

p/mm =1 0.605 0.461

20 min, max/® 3.18, 50.20 3.56, 45.00

No. of reflections collected 5355 8980

No. of independent reflections 5251 [R(int) =0.0601}] 7621[R(int) =0.0393]
Data/restraints/parameters 5251/0/338 7608/0/668
Goodness-of-fit on F? 0.931 1.084

Final R-indices [/>2c(/}]
R-indices (all data)

R,=0.0994, wR,=0.2424
. R,=0.1958, wR,=0.2923
Largest difference peak and hole (e A~3) 0.831 and —0.339

R,;=0.0659, wR,=0.1300
R,=0.1603, wR,=0.1724
0.470 and —0.299

Agreement factors are refined as follows: Ry = Z||F,| — | F.)|/Z|F,|, WR,={ZIW(F,% — F.2)2)/ZIw(F,%?}'? and

S=[ZIw(F,2 —F2)%/(n— P"? for both complexes.

[CsHgN,],[CuCl] - H,0,% [C3H N, 0,],[CuCl, *° and
[H;NC,HgNH;][CuCl,].2! The latter three compounds
consist of two-dimensional perovskite-type [CuCl,>7],
layers. The trans bond angles are both 136.20(11)° for
Cl(1)} -Cu-ClI(2) and CI(1)-Cu—Cl(2)! (the symmetry
operation' is — X, ¥, —Z+1/2), which are comparable
to those of [CsH,N,],[CuCl,]-H,0 [134.6(1)°]*° and
[CsH;N,01,[CuCl,] [137.9(1)°].® The Cu-CI(2) bond
and Cu—Cl(2)' bond [both are 2.254(3) A] are longer
than the Cu-CI(1) bond and Cu—Cl(1)! [both are
2.231(3) A] due to their extensive involvement in hydro-
gen-bonding. The CI(2) atom is hydrogen-bonded to
N(1) and N(2) of different rhodamine 6G cations, with
the hydrogen bond lengths [CI(2)--- N(1)i 2.372(14) A,
iijs 1/2+ X, 1/2+ Y, Z and CI(2)---N(2) 3.460(14) A].

The xanthene ring of the cation is planar with the
phenyl ring tilted at an angle of 77.5(3)° due to sterical
hindrance. The tilting is a little smaller than that in
RI-H,O0 [79.75(15)°],}? partly owing to the particular
arrangement of the carbonyl ring. There are two inverse
possibilities for the arrangement of the carbonyl group.
Previous theory has suggested that the most probable
configuration of the rhodamine 6G cation is when the
carbonyl group is situated near the xanthene ring,??
and the crystal structures of RI-H,0!? and
R,[CdCl,]- EtOH - H,O!! have confirmed the existence
of this configuration. However, complex 1 adopts the
inverse configuration in which the carbonyl group in

—CO,C,H; is far away rather than near to the xanthene
ring, with the C(12)-C(13)-0(3)-C(14) torsional angle
being —179.8(8)°. The torsional angles for C(3)-N(1)-
C(4)-C(5) are —83(1)° and for C(24)-N(2)-C(25)-
C(26) —155(1)°.

The C-N bond distances of N(1)-C(4) and
N(2)-C(25) are 1.427(11) and 1.483(13) A, indicating
normal C-N single bonds, respectively, whereas
C(3)-N(1) and C(24)-N(2) are much shorter
[1.342(10) and 1.345(10) A, respectively], showing par-
tial double-bond character. This indicates that the cation
has delocalized bonding election. Similar trends have
also been observed in R,[CdCl,]- EtOH-H,0 and
RI-H,0."? The C-O and C-C bond lengths are com-
parable to those in R,[CdCl,]-EtOH-H,0! and
RI-H,0.12

As shown in Fig. 2, the CuCl,>~ anions form layers
normal to the a-direction separated by layers of rhodam-
ine 6G cations. The xanthene rings form stacks running
in the (103) and 103) directions. The anionic and cationic
layers are held together by the N-H---Cl hydrogen
bonds as discussed above. Furthermore, the distance
between two xanthene planes is about 3.5-3.6 A
[O(1)---C(1)¥ 3.645(13), C(10)---H(2a)" 3.548(13),
N(2)---H(7c)! 3.508(13); it is —12—X, —1/2—7Y,
1—2Z), indicative of significant n—=n stacking interaction
between two neighbour rhodamine 6G cations whose
carbonyl groups are arranged in the opposite directions.
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Table 2. Atomic coordinates (in A) and equivalent isotropic
displacement parameters (in A?) for complex 1.

Table 3. Atomic coordinates and equivalent isotropic dis-
placement parameters for 2.

Atom x/a y/b z/c Uisoteq” Atom x/a y/b z/c Uisorea”
Cu 0.0000 —0.1357(1)  0.2500 0.053(1) Mn(1) 0.8644(1) 0.5050(1) 0.2721(1)  0.052(1)
Cl(1) 0.0645(1) —0.2344(2) 0.3316(3) 0.097(1) CI(1) 0.6634(1) 0.4391(1) 0.2588(1)  0.092(1)
Cl(2) 0.0167(1)  —0.0343(2) 0.3659(2) 0.059(1) Ci(2) 0.9750(1) 0.4836(1) 0.3752(1) 0.050(1)
O(1)  —0.2149(2) —0.2989(4) 0.4168(4) 0.042(1) CI(3) 0.9355(1) 0.4055(1) 0.1835(1) 0.074(1)
0O(2) —0.3138(4) —0.0448(6) 0.0718(6) 0.120(3) Cl(4) 0.8864(1) 0.6936(1) 0.2700(1)  0.102(1)
O(3) —0.3162(3) —0.1646(5) 0.1493(4) 0.069(2) 0O(1) 0.5232(2) —0.0523(1) 0.3872(1)  0.041(1)
N(1) —0.3648(3) —0.4664(5) 0.3855(5) 0.049(2) 0(2) 0.2820(2) 0.1279(2) 0.3143(1)  0.092(1)
N(2) —0.0591(3) —0.1563(5) 0.4459(5) 0.057(2) 0(3) 0.2143(2) 0.2833(2) 0.3078(1)  0.095(1)
C(1) —0.2684(3) —0.3015(6) 0.3892(6) 0.037(2) N(1) 0.2349(2) —0.3482(2) 0.3847(1) 0.053(1)
C(2) —0.2887(3) —0.3816(5) 0.4006(5) 0.039(2) N(2) 0.8220(2) 0.2264(2) 0.3732(1) 0.061(1)
C(3) —0.3435(3) —0.3894(6) 0.3740(6) 0.041(2) C(1) 0.2383(2) —0.0570(2) 0.4425(1) 0.038(1)
C(4) —0.3357(4) —0.5459(6) 0.4304(7) 0.056(3) C(2) 0.2013(2) —0.1665(2) 0.4306(1) 0.038(1)
C(5) —0.3242(5) —0.6013(7) 0.3637(8) 0.080(3) C(3) 0.2740(2) —0.2402(2) 0.4012(1) 0.040(1)
C(6) —0.3773(3) —0.3120(6) 0.3336(6) 0.039(2) C(4) 0.3826(2) —0.1979(2) 0.3881(1) 0.041(1)
C(7) —0.4354(3) —0.3197(7)  0.3042(7) 0.060(3) C(4A) 0.4166(2) —0.0870(2) 0.4025(1) 0.036(1)
C(8) —0.3558(3) —0.2344(6) 0.3235(6) 0.040(2) C(5) 0.6722(2) 0.0848(2) 0.3823(1) 0.042(1)
C(9) —0.3004(3) —0.2237(6) 0.3499(5) 0.038(2) C(5A) 0.5653(2) 0.0584(2) 0.3991(1) 0.037(1)
C(10) —0.2771(3) —0.1442(5) 0.3382(5) 0.034(2) C(6) 0.7192(2) 0.1952(2) 0.3919(1)  0.043(1)
C(11) —0.3088(3) —0.0605(5) 0.3004(6) 0.038(2) C(7 0.6560(2) 0.2766(2) 0.4205(1) 0.042(1)
C(12) —-0.3261(3) —0.0291(6) 0.2090(6) 0.047(2) C(8) 0.5502(2) 0.2462(2) 0.4355(1)  0.042(1)
C(13) —0.3182(4) —0.0775(7) 0.1359(7) 0.057(3) C(8A) 0.4981(2) 0.1335(2) 0.4254(1) 0.034(1)
C(14) -—0.3084(5) —0.2248(8) 0.0845(7) 0.084(4) C(9) 0.3850(2) 0.1007(2) 0.4383(1) 0.036(1)
C(15) —0.2708(6) —0.3003(9) 0.1402(10) 0.118(5) C(9A) 0.3469(2) —0.0122(2) 0.4290(1)  0.033(1)
C(16) —0.3529(4) 0.0525(7) 0.1826(7) 0.068(3) c(10) 0.2930(3) —0.4300(2) 0.3489(1) 0.062(1)
C(17) —0.3648(4) 0.1000(6) 0.2453(8) 0.070(3) c(1n 0.3944(3) —0.4661(2) 0.3922(2) 0.076(1)
C(18) —0.3483(4) 0.0680(7) 0.3345(7) 0.062(3) C(12) 0.0840(2) —0.2097(2) 0.4448(1) 0.053(1)
C(19) —0.3207(3) —0.0119(6) 0.3625(6) 0.049(2) c(13) 0.8871(3) 0.1580(2) 0.3329(2) 0.097(2)
C(20) —0.2224(3) —0.1441(5) 0.3641(5) 0.036(2) c(14) 0.9526(4) 0.0849(3) 0.3706(2) 0.146(2)
C(21) —0.1947(3) —0.0697(6) 0.3546(5) 0.039(2) C(15) 0.7080(3) 0.3967(2) 0.4364(1) 0.061(1)
C(22) —-0.1412(3) —0.0713(5) 0.3819(5) 0.038(2) c(16) 0.2503(2) 0.2378(2) 0.4143(1) 0.045(1)
C(23) —0.1121(3) 0.0105(6) 0.3713(7) 0.058(3) c(17) 0.1835(2) 0.3157(2) 0.4368(1) 0.055(1)
C(24) —0.1114(3) —0.1522(6) 0.4203(6) 0.042(2) C(18) 0.1735(3) 0.3351(2) 0.5026(2) 0.064(1)
C(25) —0.0256(4) —0.2382(8) 0.4824(10) 0.095(4) Cc(19) 0.2318(3) 0.2788(2) 0.5476(1) 0.060(1)
C(26) 0.0300(4) —0.2183(8) 0.5401(9) 0.096(4) C(20) 0.2986(2) 0.2039(2) 0.5254(1) 0.052(1)
C(27) —0.1379(3) —0.2274(6) 0.4331(6) 0.040(2) Cc(21) 0.3099(2) 0.1813(2) 0.4596(1) 0.038(1)
C(28) —0.1924(3) —0.2223(5) 0.4035(6) 0.038(2) C(22) 0.2533(3) 0.2098(2) 0.3413(2) 0.057(1)
0] —0.5000 0.0033(6) 0.2500 0.087(3) C(23) 0.2050(4) 0.2616(3) 0.2340(2) 0.119(2)
o’ —0.4892(10) 0.0899(18) 0.3391(19) 0.104(8) C(24) 0.2839(5) 0.3322(4) 0.2109(2) 0.186(3)
o” —0.4422(10) —0.0783(18) 0.3964(18) 0.102(8) 0O(4) 0.9557(2) 0.8553(1) —0.0490(1) 0.052(1)
0" —0.4988(16) —0.090(3) 0.335(3) 0.169(14) 0O(5) 1.2870(2) 0.9751(2) 0.0739(1) 0.079(1)
0(6) 1.4730(2) 0.9829(2) 0.1226(1) 0.089(1)
@Uisoteq is defined as one third of the trace of the ortho- N(3) 0.8866(2) 0.5921(2) 0.0844(1) 0.062(1)
gonalized Uj tensor. N(4) 0.9914(2) 1.1126(2) —0.1893(1) 0.060(1)
C(31) 1.1550(3) 0.6893(2) 0.0320(1) 0.047(1)
C(32) 1.0828(2) 0.6311(2) 0.0620(1)  0.047(1)
Crystal structure of RyMnCl,* (EtOH),; (2). The struc-  ¢(33)  0.9617(3)  0.6476(2)  0.0542(1) 0.048(1)
ture of complex 2 consists of discrete MnCl,?>~ anions, C(34) 0.9237(3) 0.7271(2) 0.0169(1)  0.051(1)
rhodamine 6G cations and ethanol molecules. Like gggf) ggg;gg; gggigg; -g?jlﬂm ggig?‘;

2- . . 11 . . —0. .

CdCL™ in [R,CdCL]-EtOH - H,0," the manganese  copy)  q0262(2)  09137(2)  —0.0813(1)  0.044(1)
atom is coordinated by chlorine atoms to form a very  ((3g) 1.0415(3) 1.0441(2) —0.1526(1) 0.049(1)
slightly distorted tetrahedron (Fig. 3), which is very simi-  C(37)  1.1620(2) 1.0343(2) —0.1513(1)  0.045(1)
lar to that of bis[benzyldimethyl(phenyl)ammonium]- C(38) 1.2104(2) 0.9638(2) —0.1144(1) 0.043(1)
tetrachloromanganate(I1)>® and [N(CH,),l,MnCl,,2*  C(38A)  1.1450(2) 0.8996(2)  —0.0781(1)  0.044(1)
but quite different from that of NH;(CH,),NH;- C(39) 1.1919(2) 0.8272(2) —0.0379(1) 0.038(1)
25 P 3 274 3 C(39A) 1.1184(2) 0.7676(2) —0.064(1) 0.040(1)
MnCl,.> The MnCl*" in the latter form two-  c(a0) 07664(3)  0.6064(3)  0.0855(2) 0.081(1)
dimensional sheets of puckered perovskite-type layers of  C(41) 0.6819(3) 0.5430(3) 0.0294(2) 0.107(2)
corner-sharing MnClg octahedron, interleaved by layers ~ C{42) 1.1265(3) 0.5509(2) 0.1028(1)  0.064(1)
of 1,4-butyldiammonium chains nearly perpendicular to C(43) 0.8658(3) 1.1225(2)  —0.1980(2)  0.083(1)
. 11 C(44) 0.8284(4) 1.1808(3) —0.2482(2) 0.152(2)
the layers. However, like for [R,CdCL]- EtOH-H,0 ™ ¢cy5) 1232203  1.09672) —0.1901(1)  0.061(1)
and R,CuCl, - 3H,0 (1), the [R,MnCl,] complex does  c(46)  1.4084(2)  0.8658(2)  0.0184(1) 0.041(1)
not show a perovskite-type layer compound feature. The c(a7) 1.56227(3) 0.8469(2) 0.0173(1)  0.055(1)
Mn-Cl bond lengths [2.355(1)-2.375(1) A] are com- C(48) 1.5496(3) 0.7769(2) —0.0334(1) 0.061(1)
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Table 3. (Continued.)

C(49) 1.4620(3) 0.7224(2) —0.0856(1) 0.064(1)
C(50) 1.3475(3) 0.7408(2) —0.0853(1) 0.053(1)
C(51 1.3193(2) 0.8127(2) —0.0345(1) 0.041(1)
C(52) 1.3821(3) 0.9451(2) 0.0741(1)  0.057(1)
C(53) 1.4448(4) 1.0560(3) 0.1803(2)  0.159(2)
C(54) 1.56395(4) 1.1092(3) 0.2216(2)  0.163(2)
0(7) 0.5354(3) 0.6584(3) 0.2838(2) 0.081(2)
C(56) 0.5417(6) 0.7012(5) 0.2337(4) 0.127(3)
C(55) 0.4744(6) 0.6662(7) 0.1804(4) 0.137(4)

#Uisoreq is defined as in Table 2.

parable to those in [N(CH,;),],MnCl, [2.309(13)-
2.369(16), 2.329(3)-2.360(8), 2.345(4)-2.351(30)
and 2.356(5)-2.372(13) A]** but much shorter than
those in NH;(CH,),NH;MnCl, [2.502(4)-2.608(5)
A].% The Cl-Mn-Cl bond angles fall in the range
107.03(4)-112.95(4)°, which is very similar to those in
[N(CH;)41,MnCl, [105.6(7)-112.4(7), 106.7(3)-112.3
(14), 106.9(9)-112.3(2) and 106.7(13)-112.4(3)°].%
Both xanthene rings of the cations are planar.
The dihedral angle between the phenyl ring
[C(16)C(17)C(18)C(19)C(20)C(21)] and the xanthene
plane is 76.2(3)° and smaller than that between the
phenyl ring [C(46)C(47)C(48)C(49)C(50)C(51)] and

TRANSITION METAL COMPLEXES OF RHODAMINE 6G

the xanthene plane [83.9(3)°]. Unlike in complex 1, two
rhodamine 6G cations in complex 2 adopt normal con-
figuration where the carbonyl group is situated near the
xanthene ring as those in R,[CdCl,]- EtOH - H,O'! and
RI-H,0.!? The torsional angles are —112.2(3)° for
C(22)-0(3)-C(23)-C(24) and —167.5(3)° for C(52)-
0(6)-C(53)-C(54). Furthermore, the torsional angles
involving N atoms of two rhodamine 6G cations are also
different; in the rhodamine 6G cation containing the
O(1) atom, the torsional angles are 80.2(3)° for
C(3)-N(1)-C(10)-C(11) and 76.3(3)°for C(6)-N(2)-
C(13)-C(14) in the other rhodamine 6G cation [con-
taining the O(4) atom], they are 87.0(3)° for C(33)-
N(3)-C(40)-C(41) and —167.8(3)° for C(36)-N(4)-
C(43)-C(44).

In the rhodamine 6G cation containing the O(1) atom,
the C-N bond distances of N(1)-C(10) and N(2)-C(13)
are 1.461(4) and 1.460(4) A, respectively, belonging to
the normal kind of C-N single bonds, whereas
C(3)-N(1) and C(6)-N(2) are much shorter [1.347(3)
and 1.358(4) A, respectively] showing partial double-
bond character. A similar trend is observed in the other
rhodamine 6G cation: the C-N bond distances of N(3)-
C(40) and N(4)-C(43) are 1.438(4) and 1.468(4) A,
whereas much shorter C(33)-N(3) and C(36)-N(4)

Table 4. Selected bond distances (in A) and angles (in °) for complex 1.

Cu-CI(1)’ 2.231(3) Cu-Cl(1) 2.231(3)
Cu-CI(2) 2.254(3) Cu-Cl(2)' 2.254(3)
N(1)-C(3) 1.342(10) N(1)-C(4) 1.427(11)
N(2)-C(24) 1.345(10) N(2)-C(25) 1.483(13)
0(1)-C(28) 1.365(9) O(1)-C(1) 1.368(8)
0(2)-C(13) 1.184(11) 0(3)-C(13) 1.307(11)
0(3)-C(14) 1.454(12) C(10)-C(11) 1.486(10)
CI(1)'-Cu-CI(1) 98.0(2) Cl{1)'~Cu-Cl(2) 136.20(11)
CI(1)-Cu-CI(2) 98.85(11) Cl{1)-Cu-CI(2)’ 98.85(11)
CI{1)-Cu~CI(2)’ 136.20(11) Cl{2)-Cu-Cl2)' 96.27(14)
C(1)-0(1)-C(28) 119.9(6) C1(3)-0(3)-C(14) 120.0(9)
C(3)-N(1)-C(4) 125.4(7) C(24)-N(2)-C(25) 124.8(8)
Symmetry code:! —X, Y, —Z+1/2.

Table 5. Selected bond distances (in A) and angles (in °) for complex 2.

Mn(1)-CI(1) 2.355(1) Mn(1)-CI(4) 2.357(1)
Mn(1)-CI(3) 2.364(1) Mn(1)-Ci(2) 2.375(1)
O(1)-C(4A) 1.376(3) 0(1)-C(5A) 1.386(3)
0(2)-C(22) 1.195(3) 0(3)-C(22) 1.317(4)
0(3)-C(23) 1.490(4) N(1)-C(3) 1.347(3)
N(1)-C(10) 1.461(4) N(2)-C(6) 1.358(4)
N(2)-C(13) 1.460(4) 0(4)-C(34A) 1.385(3)
0(4)-C(35A) 1.366(3) 0(5)-C(52) 1.210(4)
C(9)-C(21) 1.472(4) C(39)-C(51) 1.510(4)
Cl(1)-Mn(1)-CI(4) 108.93(5) CI(1)-Mn(1)-Ci(3) 107.19(4)
Cl(4)-Mn(1)-CI(3) 111.68(4) Ci(1)-Mn(1)-CI(2) 112.95(4)
Cl(4)-Mn(1)-CI(2) 107.03(4) Cl(3)-Mn(1)-CI{2) 109.13(4)
C(4A)-0(1)-C(5A) 119.8(2) C(22)-0(3)-C(23) 118.2(2)
C(3)-N(1)-C(10) 125.5(2) C(6)-N(2)-C(13) 127.1(2)
C(52)-0(6)-C(53) 113.8(3) C(33)-N(3)-C(40) 126.6(3)
C(36)-N(4)-C(43) 123.2(3) C(34A)-0(4)-C(35A) 119.6(2)
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Cl2a

Fig. 1. Molecular structure of complex 1.

Fig. 2. Unit-cell packing diagram of complex 1.

distances [1.353(4) and 1.354(4) A, respectively] also
display the partial double-bond character. This indicates
that both rhodamine 6G cations have delocalized elec-
tron clouds.

Casy

Fig. 3. Molecular structure of complex 2.

888

Fig. 4. Unit-cell packing diagram of complex 2.

The crystal lattice is stabilized by not only electrostatic
interactions but also hydrogen-bonding interactions. All
chlorine atoms in MnCl,*>~ are involved in hydrogen-
bonding. In detail, CI(2) is hydrogen-bonded to N(1)
and N(2) of different rhodamine 6G cations
[N(2)---CI(2), 3.495(5) A, N(1)*--- Cl(2), 3.452(5) A,
*is ~1+X, =147, Z), CI(3) and Cl(4) are hydrogen-
bonded to N(3) of one rhodamine 6G cation

Cl44) o




[N(3)---CI(3), 3.388(5) A] and N(4) of another rhod-
amine 6G cation [N(4)-Cl(4)", 3473(4)A, " is
2—X,2-Y, —Z), respectively, while CI(1) is connected
to an ethanol molecule with a hydrogen bond
[O(7)---Cl(1), 3.282(4) A]. Furthermore, there exist
n—7 stacking interactions between rhodamine 6G cations
which also stabilize the crystal lattice. The distances
between two xanthene planes are 3.63(3) A [with a
center-to-center distance of 3.771(6) A] for the two rhod-
amine 6G cations containing O(1) and O(1)" (¥ is
1—X, —Y,1—2Z) respectively, and 3.54(3) A [with a
center-to-center distance of 4.686(8) A] for the two rhod-
amine 6G cations containing O(4) and O(4)" (! is
2—X,2-7Y, —Z), respectively. Every pair of rhodamine
6G cations involving n—7n stacking interactions are
arranged with their carbonyl groups in the opposite
directions as suggested in complex 1.

IR spectra and luminescence spectra in solid state. The IR
spectrum of the complex 1 shows a large strong absorp-
tion band at 3301 cm ~! belonging to the O-H stretching
vibration of non-coordinated water. Another strong
absorption band at 1607 cm ™! is also assigned to water.
The strong absorption bands at 1717 and 1308 cm ™! are
attributed to the C=0 and C-O stretching modes,
respectively. In the IR spectrum of the complex 2, the
absorption band at 3438 cm ™! is attributed to the O-H
stretching mode of ethanol, while two large absorption
bands at 3321 and 3281 cm ™! are assigned to the N-H
stretching modes of ammonium. Two strong absorption
bands at 1712 and 1308 cm ™! are again attributed to
C=0 and C-O stretching modes. It should be noted that
the C=0O stretching vibration of complex 1 occurs at
higher wavenumbers than that of complex 2, reflecting
the quite different structural arrangements of carbonyl
group in both complexes.

The luminescence spectra were obtained for the pow-
dered solid at room temperature with A,,=433.4 nm. A
small blue-shift of 15 nm was observed in the spectrum
of complex 2 (652 nm) compared to that of rhodamine
6G (667 nm). The spectral difference may mainly origin-
ate from the influence of the anions. There is an electro-
static interaction between the anion and the positively
charged nitrogen in the rhodamine 6G cation. This
interaction compensates the positive charge on the nitro-
gen, and restricts its oscillatory behavior as previously
suggested.?® Since the MnCl,?>~ anion is larger and more
reductive than the Cl~ anion in rhodamine 6G, the
electrostatic interaction within complex 2 is more remark-
able than that of rhodamine 6G, therefore a spectral
shift to higher energy is expected. The electrostatic
interaction between CuCl,?>~ and rhodamine 6G cations
in complex 1 is comparable to that between MnCl,~
and rhodamine 6G cations in complex 2. However, a
large blue-shift (53 nm) was observed in the spectra of
complex 1 (614 nm) with respect to the rhodamine 6G
(667 nm). The packing effects should be taken into
account in order to explain why the blue-shift of complex

TRANSITION METAL COMPLEXES OF RHODAMINE 6G

1 is larger than that of complex 2, since earlier research
has indicated that there is a relation between the packing
effects and solid state fluorescence of dyes.?” The presence
of -CO,C,H; of adopting abnormal configuration in
complex 1 (i.e. the carbonyl group in -CO,C,H; is far
away the xanthene ring) favors the tight aggregation of
the rhodamine 6G cations. In complex 1, all xanthene
rings of rhodamine 6G cations are arranged in parallel
planes (along the 103 direction). Each pair of rings are
almost back to back and involve n—r stacking interaction.
However, in complex 2, the carbonyl group adopts
normal configuration (it is near to the xanthene ring),
and the two xanthene rings of rhodamine 6G cations are
arranged in two directions (i.e. 010 and 012 directions),
so that the n-—= stacking interactions are not so intense
as in complex 1 [as the larger center-to-center distance
4.686(8)A of two xanthene planes in complex 2 sug-
gests], and a larger blue-shift of complex 1 is expected.
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