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Abstract: The reaction of gallium (III) nitrate octahydrate with the proton
transfer compound (pydaHy)™™ (pydc)”™ ( where pyda is Y¢*-
pyridinediamine and pydcHy is Y«1-pyridinedicarboxylic acid) leads to the
formation of (C.:HaNr) [Ga(CvHrNO:)s] - ¢HiO - CHyOH. The crystal
system of the anionic complex is triclinic with space group Pi and two
molecules per unit cell. The unit cell parameters are a=)+,Y¥A(Y) A
b= 6 YNY) A c=VAYAY) A, o=V YY), B=VYLAYA(Y)C
y=1¢,1Y+(¥)°, The structure has been refined to a final value for the
crystallographic R factor of +,+°V% based on ¢V+Y reflections with I >
Yo(D).

Keywords: Self assembling systems, Crystal structure, Hydrogen bonds,
Gallium(I1l) complex.
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Introduction

Preparation and characterization of self assembling compounds has been of
interest in the recent years [V, Y]. These self assembling systems are formed
through noncovalent interactions. The intermolecular forces in such systems
may involve hydrogen bonding, ion pairing, n-n stacking, hydrophobic or
hydrophilic, donor-acceptor and host-guest interactions. Often one or a
combination of these interactions can result in the formation of specific self
assembling systems.

In this regard the proton transfer compound LHy (LH. is (pydaHy)"
(pyde)”™ where pyda =Y«%-pyridinediamine and pydcHy = Y<1-pyridine-
dicarboxylic acid) was prepared by our research group previously[¥].
Several complexes were synthesized using this proton transfer system and
their X-ray crystal structures were reported. Some of these complexes
possess (pydc)™ ligand and also (pydaH)" fragment, where pyda in its
protonated form acts as a counter ion of the anionic complex|¢-Y +]. There
are also some other complexes of LHy in which no counter ion is observed in
the structure [V, YV-Y¢]. Here, we report the synthesis and X-ray crystal
structure of Ga(Ill) complex with the above proton transfer system.

Experimental

An aqueous solution of gallium(Ill) nitrate octahydrate (*,A%+ g, +,YY®
mmol in Y+ mL of water) was added to a solution of LHy (+,YY® g, +,¢¢:
mmol) in water (Y* mL). The consequent solution was left at room
temperature for Y¢ hours. The resulting yellow crystals were solved in
methanol and suitable crystals for X-ray analysis were obtained after Y
hours.

Results and discussion
The reaction of LHy ligand with gallium (III) nitrate octahydrate in a Y:)
molar ratio leads to the formation of the title complex. There is a list of
crystal data and structure refinement in the table Y. The molecular structure
of the compound exhibits a six coordinate anionic complex accompanied by
a counter ion. There is also one uncoordinate methanol molecule in the
crystal structure as well as four water molecules. Figure V illustrates the
molecular structure of the title complex. The central ion is coordinated by
tw( pyde)' ligands via two O atoms and one N atom from each ligand. The
geometry of the complex is distorted octahedral. The two (pydc)'~ groups are
approximately perpendicular to each other as specified by some of the
torsion  angles and  bond angles. The torsion angles
O(M)—Ga(V)—N(")—C(¥) and O(M)—Ga(V)—N(V)—C(%) are -1+,V(Y)°
and 4Y,¢(Y)° respectively. Also the bond angles O(%)—Ga(})—O(%) and
O(M-Ga(V)-O(%) are 4Y,Ye(%)" and 41,3 Y(9)° respectively (table ¥).
Atomic coordinates and equivalent isotropic displacement parameters for
the complex are listed in table ¥ and anisotropic displacement parameters
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are collected in table £. The Ga(Ill) does not lie on a perfect linear axial
angle, and the NY-NY axis shows a variation of Y Y,A+° from linearity. An
important feature of the structure is the presence of mono protonated form of
YA-pyridinediamine in the compound. This cationic fragment acts as a
counter ion and balances the charge. It is interesting to note that we started
the reaction with diprotonated form of pyda, while the resulting compound
contains pyda in its monoprotonated form. The protonated site of pyda in the
product compound is the nitrogen atom of the ring, while in the starting
material LHy, pyda was diprotonated on the nitrogen atoms of the amine
groups.

Figure Y illustrates the crystal packing of the title compound. The self
assembling system of the compound is formed using hydrogen bonding and
ion pairing interactions. These two factors cause the compound to form a
three-dimensional network. A wide range of hydrogen bonds from weak to
strong interactions are observed in the structure. The presence of four
uncoordinated water molecules causes the structure to have a complicated
lattice of different hydrogen bonds. Hydrogen coordinates and isotropic
displacement parameters for the title complex are listed in Table ® and a list
of hydrogen bonds is collected in Table 1.

The atoms O(¢ W), C()S) and O(S) are disorder atoms. O(¢ W) and also
C()S) atom exhibit three positions, where two positions are illustrated by
O(YS) atom. The distances between different positions of O(¢W) atom are
O(¢W)—O(£W")=Y,8Y+ (YA and O(tW)—O(tW")= +,VYA(YV)A, and
that of the C(}S) atom are C(YS")—C(}S) = +,¥V¢(A1) A and C('S”
)—C(S") = +,8¥(¥) A. These distances show much more disordering about
O(tW) atom.

Conclusion

The present work supports the strong ability of the LHy compound in
forming the self assembling systems with metal ions. The extensive
hydrogen  bonding lattice of the  metal-organic = compound
(pydaH)[Ga(pydc)y] - ¢HvO - CHyOH is interesting to note in this regard.
The presence of the cationic counter ion (pydaH)" which causes ion pairing
interactions in the structure provides a view of expected uncovalent
intermolecular forces for the future works.
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Figure ¥ The crystal packing of the title compound.
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Table ) Crystal data and structure refinement of the title complex.

Empirical formula

CY+ HYY GaN® OVY

Formula weight TVENA
Temperature VYK
Wavelength(AMoK,,) GVYVYAVY A

Crystal system, space group

Triclinic, P1

Unit cell dimensions

a="Y . YYN)A
b=V, tYN)A
c= \Y‘,M"A(!’)A
o= V~,Y‘V°(")°
B =YV, 4FA(F)°
p=161Y(¥)°

Volume VYEA () AT

Z, Calculated density Y, ), g/em’
Absorption coefficient Y AA mm

F(++v) vy

Crystal size SAX e x5, E mm

Theta range for data collection | ¥,¥Y to YA,+ ¢ deg.

L]m]t]ng indices N Y<h< Y‘, V<< f” SVA<IYA

Reflections collected / unique VYASY /Y [R(int) =+, Y04]

Completeness to theta= YA,+ ¢ | 44,1 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission «wAvYand +,¥V)

Refinement method Full-matrix least-squares on F'

Data / restraints / parameters RARNANARL

Goodness-of-fit on F' Y, 0 AY

Final R indices [for ¢V «¥ refs | RY =+, 0V3 ywRY =,V 0¢Y
with [>Ysigma(I)]

R indices (all data) RY = «,» VYo wRY = 1,17,

Largest diff. peak and hole Y,9%4 and -+,090 ¢A”

Table ¥ Selected geometric parameters of the title complex (A, °).

Ga(V)-N(") V,80A(Y) N(Y)-Ga(1)-0(%) Va,Ne() )
Ga()-N(Y) AeA(M) [ N(-Ga()-0(H) TN ()
Ga(1)-0() V,ATA(Y) 0(Y)-Ga(1)-0(1) E,YY(V )
Ga(")-0(") () [ 0(M-Ga()-0(%) AND)
Ga(")-0(Y) To(Y) [ 0(M-Ga()-0() ()
Ga(1)-0(¥) ToVe(Y) | 0(+)-Ga()-0() T,Te()
N(V)-Ga(V)-N(¥) [ VIV, ¥+ (V) | O(V)-Ga())-O(M) VOV, AV(Y 1)
N()-Ga()-0(") [A+eV(\ ) | O(M)-Ga(")-0(¥) DAY (9)
N()-Ga()-0(5) [YW,7¥ (5) [ 0()-Ga()-N()-C() | A +.7(")
N()-Ga()-0() [ FLEF(V) [ 0()-Ga()-NC)-C(Y) [ AV,2(")




Table ¥ Atomic coordinates(x * *) and equivalent isotropic displacemen parame
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N()-Ga(V)-O(A) | V=¥ Y +) | O(M)-Ga(V)-N(V)-C(Y) | -*+-¥(Y)
N(Y)-Ga())-O(Y) | M'Y.-V(Y+) | O(M)-Ga(M)-N()-C(Y) | 4Y.4(Y)

N(Y)-Ga()-0()

V/\,ﬂi(\ ‘)

ters

X1+ r). Uleq) is defined as one third of the trace of the orthogonalized Uij tensor.
x y z Uleq)
Ga(l) _eYat(y) Ya.a) YEar(Y) 2T
NOY) (M Ve (F) ¥ae1(Y) YA
oY) Saves(T) SFAA(T) () £Y())
cM _€4n(Y) VALA(T) g ™)
0 (%) Fea(y) VALY Y )
C(%) A Y(E) YERA(T) o404(Y) 310
N(T) -H"~~(V’) T'HT(V’) \\iV(T) Yﬁ(\)
o) VFYV(Y) EFRE(T) YEVI(Y) LEWE))
(M) ot (Y) \REE(T) oNaT(Y) 0
oY) SYehe(Y) VYa(Y) VE(Y) Yo ()
C(°) NACA () FErY(T) 0] 310
o) VY (Y) VYVY(F) YRVY(Y) Yo(h)
cM VYVA(Y) Yotra(r) EVAY(Y) )
cv ACAY(Y) €erY(Y) YYYA() Yo ()
O(ﬁ) _5\\/\/(1) _Yﬁl\(t) \t~‘\(!’) "\"\(\)
) SYEAT(Y) Vv () VAV(Y) YA
o) YY) STIV(T) Avo(T) V()
O(/\) _nw(r) tﬁY‘ﬁ(Y) Y~5Y(T) 1"!\(\)
C(‘\) _tYY‘A(Y‘) \541(1) /\t/\(!’) ve (\)
C(\n) _Y‘t~~(t) \Tﬁ!’(ﬁ) _Y‘Y‘(Y‘) ib(\)
cam YRYT(E) Y1o4(s) e () oY)
cOn YRa(T) YYa. (o) RN ()
cOn) Yoea(r) Yovi(t) 0] T
c( o) FAO(E) €NNE(E) VYAA(T) YA
c™ SeVYY(E) 0 VoAE(T) £ ()
Y 30) YV (6) TVIV(H) ()
M VEEL(t) SFOUA(E) TN V()
c('Y) YVAT(E) RRYIIES) TAs(T) ()
Oy YAYA(Y) SFEAV(E) o YA(Y) ()
C(\s) \'hT(i) -N"i\(\") tGY’V(Y’) Y'/\(\)
N(Y) Y () RETIVD SV YV(Y) LEYE))
N(t) -\\\Y’(Y) -\iT/\(i) 'L'HG(V’) ﬁﬁ(\)
N(°) VeaY(T) S\Wee () ¥oYv(™) A
O(IW) AYE(T) YiTe(Y) VoA O
o("W) VEa(r) SWVA(T) SYYRR(Y) A
O(Y‘W) ttY‘\(Y‘) _YVAt(Y‘) Y‘H’~(T) ii(\)
O(tW) _Yﬁﬁ\/(ﬁ) VV‘H"(/\) t‘lﬁ(‘i) 0‘\(\’)
O(tW’) _\~ﬁ\(\\) ‘ltﬁt(\\) N"Y(V) V~(Y)
O(tW") _‘H'~(Y~) 5V\~(T~) 5\!"(\!") "H(i)
O(]S) ‘l~‘l(\Y‘) V14¢ (H") tﬁt(V) \yy (t)
o(1s) VAY(YY) FIFTOY) ANY(%) VYACE)
cOs" D VAR (F 1) VFYA(YT) VO
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YEVY(YVY)

VYYY(Y)
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C(1S)

WYYV E)

VEY (T

VFAY(Y)

™

Table ¢ Anisotropic displacement parameters (A" x Y+ ") for the title complex.

anisotropic displacement factor exponent takes the form:
Y[R a* UMY 4+ Y hka* b* UNY]

The

U UY Y UYY UYY U\Y UN Y
Ga(]) Y'L(\) Y‘\(\) YV’(\) -Y(\) \(\) -y (\)
N(l) \"\(\) ?G(\) ?V(\) _i(\) _\(\) _V(\)
O(\) Y4 (\) ?'/\(\) ?'V(\) _"l(\) \’(\) Y (\)
C(Y) \’/\(\) Y?(\) Yﬁ(\) _G(\) _"l(\) _V(\)
O(i) Y'L(\) Y‘\(\) YV(\) _o(\) -Y(\) -Y‘(\)
C(i) Y‘%(Y) vy (Y) Yi(\) -i(\) Y(\) -\i(\)
NOIONIONETONEONEIONED
O(Y) \’/\(\) ?'/\(\) Y'\(\) ~(\) ~(\) \(\)
C)__ [ [o() [T() [¢() [-°() [+
O(V’) vy (\) Y‘\(\) Yo (\) -V(\) -\Y(\) -Y(\)
C(B) Y‘\(Y) V’i(\’) Y‘\(Y) -\~(\) i(\) -\~(\)
O("\) 3‘3‘(\) i~(\) Y'\(\) _\(\) _?'(\) _\0(\)
C('k) \’1(\) ?/\(\) Y/\(\) _"l(\) \(\) _1(\)
C(V) Y/\(Y) V’\(Y) V’~(Y) -\(\) \(\) -i(\)
O(O) \\Y(V’) A (Y) i?"(\’) -H"(\) -V(Y) -'Li(Y)
ch [ [ O) ["(M [YO) [*() ()
O(V) 'H‘(Y) G~(\’) GV(\’) i(\) _ﬁ(\) J‘\’(\)
O(/\) 3‘/\(\) YV(\) Vﬂ(\) _V(\) _?(\) _V(\)
CH [T () &M [YM [0 [ [A)
C(\ ~) Y‘/\(Y) WY(Y) VO(Y) -Yi(\‘) -O(Y) -\Y(Y)
C(\\) Yi(*) QV(Y) ?ﬂ(\’) _?Y(\’) 3‘(\) _ﬁ‘(?)
C(\ \‘) 3‘~(Y) "\"l(\’) Y"l(\’) _i(\’) ~(\) _\‘\(Y)
C(\Y‘) YO(\) V’/\(Y) YO(\) Y(\) -V(\) -'L(\)
C(\i) Y‘V(Y) V’V’(Y) V"t(\’) Y(\) -\~(\) -\\(\)
C(/\) ii(Y) i't(\’) Y‘\(Y) -V’(\) -\Y(\) -H\(Y)
C(\‘\) V\(Y) ?"'l(\’) a?'(\’) _ﬁ(\’) _\?(\’) _‘\(\)
C(\/\) V‘\(Y) ii(\’) G?'(\’) _V(\’) _\ﬁ(\’) _/\(Y)
C(\V) Y‘\(Y) V’~(Y) 'W’(Y) -'t(\’) -YY(Y) _e(\)
C(\'&) Y‘~(Y) Y‘\(Y) 'H(Y) -/\(Y) -\i(\‘) -%(\)
C(\G) V\(Y) Y/\(\’) a?'(\’) _a(\) -\ (\) _\\(\)
N(V) 3‘\(\) ?V(\) GY(\’) _i(\) _\"l(\) _c(\)
N(i) 3‘\’(*) G?'(\’) GY(\’) _\?(\’) _H'(\) _1(\)
NC)  [Te() £ [ee() [ 7)) [-A()
O(W) [ °AC) [ () [£() [~ _[=Ve() [-e()
O(\’W) 3‘~(\) GY(\’) ¢ (\) _i(\) 3‘(\) _/\(\)
O(VW) i‘\(Y) VG(\) i?(\) _H'(\) _V(\) _V(\)
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Table © Hydrogen coordinates ( x Y+ *) and isotropic displacement parameters (AY X
v+ ") for the title complex.

x y z Uteq)
H(:C) VYA YV, "ned vA
H(TC) RI7X Yoor "14e [
H(°C) AVVe VAR SYVY va
H(-C) YYoA oy LY or
H(C) T Yavy req X
H('YC) Ay YA oV, ov
H ('AC) Xz YaoA V¥ve oV
H(\YC) vory RNy NENY Xl
H("C) VYo SYAYY Y] T
H("N) _ory REA £4.4 oA
H(N¢) YA T VYA Vi
H(N ) RYYS! e Nrey Vi
H(YN°) Yo\ . VY VY
H('N°) VYA vy viay VY
H(YWI) .y veer XY At
H(IW)) Yre Yooy YYry At
H(TWY) Yors YY) Yeive VY
HOWY) ¥AS AEE YoV VY
H(IWY) PRy Yive YroA "
H(TWT) vy VY YYVY "

Table * Hydrogen bonds of the title compound (A.°).

D-H...A (D-H) (H...A) <(DHA) (D...A) A

Ne-HYNe AA \,AYY NZRY Y,va4(0) YW

Ne-H N° 401 Y, .0 11, ¥1 Y,AYV(8) YW [ -y, 2]

Ni-HYN¢ YAV Y, 0.0 YTEE ¥YAA(E) R [ -x, -y, zH]

N:i-H N CAYA Y,YVY Y Y Y,4¥4(0) oy

NY-H'N AN (WYX [RAE Y, VVE(E) v

OW-HYW) AA WK Yoq,Yo YNA(E) | W | [, Y,z ]

OW-HYW) XYY Y, A VYV, VY YLANY(8) W | [x ), 2]

OW-HYW) XYY Y,\va \¥o,AS Y4400 S

OW-HYW) XYY Y,EYA 1£4,4¢ voaeve) | ceW' | [y, o+, 2]

OW-H'W) ATy V,AEY YRR Y,VVA(%) o) [-x-Y, -yH, z]

YW-H'WY A Y,y [T Y, A0Y(8) oA [x+),y-Y,z]

YW-HYWY VAN y,44y 1RY,VY Y,Voo(0) .o [x+t),y,2]

YW-HYWY AYo y,400 \VE,YY YLVAV(E) ot [x, -y, =]

YW-HYWY ,AAS Y,¢\e \Yo,vo Y,AVY(0) S [x -y, =]
References

[V] Zafar, A., Geib, S. J., Hamuro, Y., Carr, A. J., Hamilton, A. D.,
"Hydrogen bonding control of molecular self-assembly: aggregation
behavior of acylaminopyridine-carboxylic acid derivatives in solution and
the solid state”, Tetrahedron @7, (Y+««) AEYA_AEYY,



Aghabozorg, Akbari Saei, Moghimi, Ramezanipour 14¢

[Y] Schmuck, C., "Highly stable self-association of °-(guanidiniocarbonyl)-
VH-pyrrole-Y-carboxylate in DMSO - the importance of electrostatic
interactions”, Eur. J. Org. Chem. (Y4494) YYav_yé.y,
[¥] Moghimi, A., Ranjbar, M., Aghabozorg, H., Jalali, F., Shamsipur, M.,
Yap, G.P.A., Rahbarnoohi, H. A., "movel pyridine containing self-
assembling system: synthesis, characterization, X-ray crystal structure, ''C
solid phase NMR and solution studies”, J. Mol. Struct. 1 +©, (Y++¥) 1YY,
V¢4
[¢] Ranjbar, M., Aghabozorg, H., Moghimi, A., Yanovsky, A., "Crystal
structure  of  Y¢l-diaminopyridinium  bis( ¥< -pyridinedicarboxylato)
chromium(IIl) Y<-pyridinedicarboxylic acid hemihydrate, CviH 14CrN+O v -
*»®H 0, Z. Kristallogr”, NCS YY1 (Y++ V) I¥YIAYA
[¢] Ranjbar, M., Taghavipur, M., Aghabozorg, H., Moghimi, A., Jalali, F.,
Shamsipur, M., "Synthesis, X-ray crystal structure and solution studies of
Cu(ll) complexes of a Pyridine containing self-assembling system", Polish J.
Chem., V1, (Y++Y) VAoVt
[V] Ranjbar, M., Moghimi, A., Aghabozorg, H., Yap, G.P.A., "Crystal
structure of zinc(ll) complex of a pyridine containing self- assembling
system"”, Anal. Sci., YA, (Y« +¥) YVa.¥YY.,
[Y] Moghimi, A., Ranjbar, M., Aghabozorg, H., Jalali, F., Shamsipur, M.,
Chadah, R.K., "Synthesis, NMR characterization, X-ray crystal structure
and solution studies of Ni(ll) complexes of a pyridine containing self-
assembling system"”, J. Chem. Research(S), (Y++¥) §VYV-£Vv4,
[A] Moghimi, A., Ranjbar, M., Aghabozorg, H., Jalali, F., Shamsipur, M.,
Chadha, K.K., "Synthesis, characterization, and X-ray crystal structure of
Co(ll) and La(lll) complexes of a pyridine containing self-assembling
system and solution studies of the Co(Il) complex"”, Can. J. Chem. A+,
(Y .o Y) YTAVoYAY,
[%] Ranjbar, M., Aghabozorg, H., Moghimi, A., "Crystal structure of  bis
( Y¢ “-diaminopyridinium) diaqua-bis-( ¥« -pyridinedicarboxylato)- bis( ¥« -
pyridinedicarboxylato)-dibismuthate(lltetrahydrate, (C ysH 1O 1 aN Bi y)
(C:HANY) v+ €H O ,Z Kristallogr”, NCS YYA (Yoo ¥) £¥Y_£¥¢,
[Y+] Moghimi, A., Shokrillahi, A., Shamsipur, M., Aghabozorg, H.,
Ranjbar, M., X-ray crystal structure and solution studies of
"hexacoordinated mercury(ll) complex of a pyridine containing proton
transfer compound” , J. Mol. Struct. Y+ (Y« +§) £3.07,
[YY] Ranjbar, M., Moghimi, A., Aghabozorg, H., "Crystal structure of a
binuclear seven-coordinate tin(IV) complex", Anal. Sci.V%, (Y++¥) xV)-
xVY.
[Y Y] Ranjbar, M., Aghabozorg, H., Moghimi, A., Yanovsky, A., "Crystal
structure of Bi(lll) complex of a pyridine containing self-assembling
system"”, Anal. Sci. YV, (Y++1) V€14V €V
[V¥] Ranjbar, M., Aghabozorg, H., Moghimi, A., "A seven-coordinate
pyridine- Y« -dicarboxylate-bridged cadmium(Il) complex, at 11+ K", Acta
Cryst. EeA (Yo« Y)ymY e é-mY¥ 1,



Y40 Synthesis and Crystal Structure of a Novel Six...

[Y¢] Ranjbar, M., Aghabozorg, H., Moghimi, A., "Crystal structure of a

binuclear polymeric self-assembled lead(Il) complex", Anal. Sci. Y4 (Y++Y)
AeYo Aot



