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Abstract. The new complexes [Ni(phen)3][Ge(HCit)2]·2H2O (1), [Ni(phen)3][Sn(HCit)2]·3H2O (2) 

(where phen is 1,10-phenanthroline, H4Cit is citric acid) were synthesized. The identity,  

composition, and thermal stability of the complexes were established by elemental analysis, 

thermogravimetry, and IR spectroscopy. According to the data of X-ray diffraction, the 

bis(citrate)germanate/bis(citrate)stannate [Ge/Sn(HCit)2]
2-

 is the anion, while [Ni(phen)3]
2+

 is the cation 

in the studied complexes. The coordination polyhedrons of Ge, Sn and Ni atoms are octahedral and are 

formed by three pairs of oxygen atoms of different types of two HCit
-3

 ligands or by three  

1,10-phenanthroline molecules. 
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Introduction 

Obtaining and determining of the structure 

of coordination compounds formed with 

biometals and hydroxycarbonic acids is of great 

interest nowadays because of the creation of new 

medicines on their basis. Citric acid is the direct 

participant of a cycle of three carbonic acids  

(the Krebs cycle) and is present in blood plasma 

[1]; germanium lactate-citrate possesses 

radioprotective properties [2].  

In the past few years, authors have shown 

that germanium(IV) and tin(IV) in water solution 

are able to form cation–anion coordination 

compounds with bis(citrate)germanate 

[Ge(HCit)2]
2-

 or bis(citrate)stannate [Sn(HCit)2]
2-

 

anions and octahedral [M(H2O)6]
2+ 

cations  

(M= Mg, Mn, Fe, Co, Ni, Cu, Zn) [3,4]. Such a 

type of coordination compounds show 

antihypoxic, cerebroprotective and antiviral 

properties [5]. Subsequently, new complexes with 

similar bis(citrate)germanate anions and cations 

[M(phen)3]
2+

 (phen - 1,10-phenantroline,  

M= Fe(II), Co(II)) and [CuCl(phen)2]
+
 have been 

synthesized and described by the authors [6,7]. A 

group of British and Portuguese scientists also 

have synthesized a number of complex 

compounds, which contain tris(oxalato-

O,O')germanate anion [Ge(C2O4)3]
2-

 and 

transition-metal cationic complexes 

[M(phen)3][Ge(C2O4)3]xH2O (where M
2+

 = Cu
2+

, 

Fe
2+

, Ni
2+

, Co
2+

) [8]. Synthesis of new analogical 

bis(citrato)stannates is also of particular interest. 

These complexes can not be prepared from SnO2 

because of its poor solubility in water and acids.  

This work is dedicated to the development 

of new synthesis methods and study of structure 

of new heterometal-different-ligand complexes of 

germanium(IV) or tin(IV) and nickel(II) with 

citric acid and 1,10-phenanthroline as promising 

biologically active compounds. 

 

Experimental 

Materials 

Germanium(IV) oxide (GeO2, 99.99%), 

tin(IV) chloride (SnCl4, 98%), citric acid 

(H4Cit·H2O, 99%), 1,10-phenanthroline (phen, 

99%), nickel(II) salts NiCl2·6H2O (99%) and 

Ni(CH3COO)2 ·4H2O (98%) were used as initial 

reagents for the synthesis of new complexes. 

Methods 

Elemental analysis for germanium, tin and 

nickel was performed using inductively coupled 

plasma atomic emission spectroscopy with an 

Optima 2000 DV instrument (PerkinElmer). 
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Analysis for C, H, and N was performed using a 

CE-440 Elemental Analyzer. 

Thermogravimetric analysis (TGA) was 

carried out using a Q-1500D with a heating rate of 

10°C/min on air in the temperature range  

20-1000°С.  

The IR spectra in the range of  

4000-400 cm
-1

 were recorded as potassium 

bromide pellets on a Frontier spectrometer 

(PerkinElmer). The absorption bands were 

attributed according to the reference data for citric 

acid and our earlier obtained germanium(IV) 

coordination compounds with hydroxycarboxylic 

acids [3,4,6,7]. 

X-ray crystallography. Crystal data for 

structures 1 and 2 were measured on a Xcalibur-3 

diffractometer (graphite monochromated MoKα 

radiation, CCD detector, ω-scanning). The 

structures were solved by the direct method using 

the SHELXTL package [9]. Full-matrix least-

squares refinement against F
2
 in anisotropic 

approximation was used for non-hydrogen atoms. 

Positions of hydrogen atoms were determined 

from electron density difference maps and refined 

by ―riding‖ model with Uiso= nUeq of the carrier 

atom (n= 1.5 for hydroxyl groups and n= 1.2 for 

other hydrogen atoms). CCDC 1854034 and 

1854035 contains the supplementary 

crystallographic data for 1 and 2, respectively. 

These data can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html, 

or from the Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ, 

UK; fax: (+44) 1223-336-033; or e-mail: 

deposit@ccdc.cam.ac.uk. Full use of the CCDC 

package was also made for searching in the  

CSD Database. 

Synthesis 

[Ni(phen)3][Ge(HCit)2]·2H2O (1)  
A suspension of germanium(IV) oxide 

(0.0523 g, 0.5 mmol) and citric acid (0.21 g,  

1 mmol) in 100 mL of hot distilled water was 

stirred to dissolve reagents completely and slowly 

evaporated at 50°C to a 20 mL volume. After 

cooling the solution to the room temperature,  

20 mL of a 95% ethanol solution containing  

1,10-phenanthroline (0.27 g, 1.5 mmol) and 

NiCl2·6H2O (0.119 g, 0.5 mmol) were added. 

After 3 days, a pink-colored crystalline solid 

precipitated. Single crystals suitable for X-ray 

diffraction were collected from the reaction 

medium. 

Elemental composition, based on single-

crystal data for C48H38GeN6NiO16 (1086.14), 

analytically calculated in %: C 53.03, H 3.50,  

Ge 6.68, N 7.73, Ni 5.43; found for the  

as-synthesized bulk material (in %): C 52.78, H 

3.29, Ge 6.57, N 7.63, Ni 5.38. 

The thermal destruction of 1 (weight losses, 

m): 80-140°C, endothermic peak 100°C (-3.3%); 

290-360°C, endothermic peak 350°C (-24.7%); 

420-580°C, exothermic peak 530°C (-54.0%).  

Selected IR data for 1 (in cm
-1

): 3396 

ν(OH), 1722 ν(C=O), 1626 νas(COO
–
), 1588, 1518 

ν(C–CAr), 1393 νs(COO
–
), 1349 ν(C–N), 1086 

ν(C–O), 1151, 905, 855 δ(CH), 641 ν(Ge–O). 

The [Ni(phen)3][Ge(HCit)2]·2H2O (1) 

crystal data (M= 1086.14 g/mol): monoclinic, 

space group P2/c, a= 23.012(2), b= 11.3384(6), 

c= 18.5747(8) Å, β= 94.660(5)º, V= 4830.4(5) Å
3
, 

Z= 4, T= 294 K, μ(MoKα)= 1.090 mm
-1

,  

Dcalc= 1.494 g/cm
3
, 41649 reflections measured, 

9454 unique (Rint= 0.221, Rsigma= 0.214), which 

were used in all calculations. The final R1 was 

0.086 for 3980 reflections with I> 2σ(I)) and wR2 

was 0.213 (all data), S= 0.936. 

[Ni(phen)3][Sn(HCit)2]·3H2O (2) 

It was prepared by dissolving citric acid 

(0.01 mol, 4.2 g) in water (20 mL), further, this 

solution was brought to boiling, SnCl4 (0.005 mol, 

0.625 mL) was added, heated for 10 min and 

cooled. After addition of tin tetrachloride to the 

acid solution, pH was brought to 1 by adding 

ammonium hydroxide. This was done because the 

complexation does not take place in a highly 

acidic medium, while further increase in the pH 

results in hydrolysis.  

In the second step, the solution of 

Ni(CH3COO)2·4H2O in water (5 mL) was added, 

the mixture was stirred and the complex 

[Ni(H2O)6][Sn(HCit)2]·4H2O [3] crystallized at 

room temperature. The blue precipitate was 

filtered off on a Schott glass filter, washed with 

cold water, and dried at room temperature (20°С). 

In the third step, a suspension  

of [Ni(H2O)6][Sn(HCit)2]·4H2O (0.0523 g,  

0.5 mmol) and 1,10-phenanthroline (0.27 g,  

1.5 mmol) was stirred in 20 mL of warm distilled 

water. On the next day, a red crystalline solid 

precipitated, from which single crystals were 

collected mechanically and analyzed by X-ray 

crystallography. 

Elemental composition, based on single-

crystal data for C48H40N6NiO17Sn (1150.25), 

analytically calculated in %: C 50.12, H 3.39,  

N 7.31, Ni 5.13, Sn 10.35; found for the  

as-synthesized bulk material (in %): C 50.00,  

H 3.11, N 7.58, Ni 5.10, Sn 10.24. 

The thermal destruction of 2 (weight losses, 

m): 80-160°C, endothermic peak 150°C (-4.7%); 

270-320°C, endothermic peak 280°C (-15.7%); 
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320-360°C, endothermic peak 330°C (-7.7%); 

360-680°C, exothermic peak 570°C (-50.2%).  

Selected IR data for 2 (in cm
-1

): 3417 

ν(OH), 1723 ν(C=O), 1625 νas(COO
–
), 1589, 1518 

ν(C–CAr), 1427 νs(COO
–
), 1341 ν(C–N), 1077 

ν(C–O), 1144, 940, 869 δ(CH), 537 ν(Sn–O). 

The [Ni(phen)3][Sn(HCit)2]·3H2O (2) 

crystal data (M= 1150.26 g/mol): monoclinic, 

space group P2/c, a= 23.026(1), b= 11.2346(7), 

c= 18.5169(8) Å, β= 93.917(3)º,  

V= 4778.8(4) Å
3
, Z= 4, T= 294 K,  

μ(MoKα)= 0.998 mm
-1

, Dcalc= 1.599 g/cm
3
,  

41535 reflections measured, 9367 unique (Rint= 

0.096, Rsigma= 0.082) which were used in all 

calculations. The final R1 was 0.066 for 6794 

reflections with I> 2σ(I)) and wR2 was 0.164 (all 

data), S= 1.073. 

 

Results and discussion 
Complexes 1 and 2 are crystalline solids 

which are stable on air with the similar molar 

ratio Ge(Sn):citrate:Ni:phen= 1:2:1:3, molecular 

structures are presented in Figure 1. The crystal 

packing of [Ni(phen)3][Ge/Sn(HCit)2]·nH2O is 

presented in Figure 2. 

The thermal decomposition of 1 starts with 

an endotherm peak within the temperature range 

of 80-140°C, which is due to the elimination to 

the gas phase of two molecules of crystallized 

water. During further heating within the 

temperature range from 290 to 360°C, complex 1 

eliminates one molecule of phenanthroline and 

two СО2 molecules from the malate ligands.  

The first endothermic peak on the 

thermogravimetric curve of 2 is due to the 

elimination of three water molecules to the gas 

phase. The second endothermic peak corresponds 

to the loss of two СО2 molecules; complex 2 

eliminates one molecule of phenanthroline  

(the third endothermic peak) within the 

temperature range 320-360°C. 

Finally, complexes 1 and 2 undergo 

oxidative thermal degradation and combustion of 

the organic part of their molecules. According to 

the calculated weight loss on the 

thermogravimetric curve of complexes, the 

extensive thermal decomposition (1000°С) of 1 

gives nickel(II) metagermanate while in the case 

of 2, nickel(II) stannate is formed.  

The IR spectra of compounds 1 and 2 were 

found to exhibit similar sets of absorption bands, 

which were compared with the data obtained for 

other different-metal and different-ligand 

bis(citrato)germanates and bis(citrate)stannates 

[3,4,6,7]. The presence of a free carboxyl group  

–COOH in the molecules of the obtained 

complexes is indicated by the ν(C=O) band at 

1720 cm
–1

 in their IR spectra [11]. In comparison 

with the IR spectrum of citric acid, the spectra of 

complexes 1 and 2 show characteristic νas(COO
–
) 

and νs(COO
–
) bands, alkoxide type ν(C–O) bands 

at 1080 cm
–1

, and Ge–O, Sn-O stretching bands.  

 
(a) 

 
(b) 

 
(c) 

Figure 1. Molecular structure of the 

[Ge/Sn(HCit)2]
2-

 anion (a) and [Ni(phen)3]
2+

 

cations of type A (b) and B (c) in structure 1,  

the one phen is disordered in two positions. 
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Figure 2. The crystal packing of [Ni(phen)3][Ge/Sn(HCit)2]·nH2O. View along the b crystallographic axis. 

 

 
 

The absorption band at 1340 cm
-1

 can be 

assigned to the ν(CN) heterocycle, the bands at 

1588, 1518 cm
-1

 - to the ν(C-C) phenanthroline 

ring vibrations. There are found deformation 

vibrations δ(C-H) of the aromatic rings: planar 

vibrations at 1041 cm
-1

; non-planar vibrations at 

region 987-905 cm
-1

 [12]. 

The [Ni(phen)3][Ge/Sn(HCit)2]·nH2O 1 and 

2 were found to be complex salts that  

exist as hydrates in crystal phase. The 

bis(citrate)germanate [Ge(HCit)2]
2- 

in 1 and 

bis(citrate)stannate [Sn(HCit)2]
2-

 in 2 carries out 

the role of dianion while nickel [Ni(phen)3]
2+ 

complexes are cations in both compounds.
 
There 

are two parts of cations in the independent part of 

the unit cell in both structures. This is caused by 

the fact that Ni atoms are located in a special 

position on the 2-fold axis. Such a structure of 

compounds 1 and 2 is very similar to the 

previously described complexes [6]. 

The coordination polyhedrons of Ge/Sn 

atoms in 1 and 2 are distorted octahedrons,  

which are formed by two trident chelate HCit
3-

 

ligands. As a result, three pairs of different types 

oxygen atoms coordinate Ge/Sn atoms:  

hydroxyl (the O3 ad O10 atoms), α-carboxylate 

(the O1 and O8), β-carboxylate (the O4 and  

O11 atoms) (Figure 1(a)). The Ge-O bond lengths 

in 1 are not equivalent to the ones obtained 

previously in related structures [3,6]. The lengths 

of Ge1-O3 and Ge1-O10 hydroxyl bonds are 

shorter than the carboxylate bonds (Table 1). In 

the germanium complex Ge1-O1 coordinative 

bonds with one ligand are different: the bond with 

the α-carboxylate oxygen atom is slightly shorter 

than the bond with the β-carboxylate oxygen  

atom (Table 1). Similar coordinative bonds  

with another ligand are very close. It should be  

noted, that all coordinative bonds with 

carboxylate oxygen atoms are almost equal in the 

complex with the tin atom. The values of  

O—Ge/Sn—O bond angles in 1 and 2 varies 

within 81.9(2)–98.5(2)°. 

The coordination of the Ge atom in 1 and 

the Sn atom in 2 by the organic ligands forms two 

five- and two six-membered metallocycles.  

Layer of cations 

of type B 

Layer of cations 

of type A 

Layer of anions 
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The Ge1-O4-C4-C3-C2-O3 and Ge1-O11- 

C10-C9-C8-O10 or Sn1-O4-C4-C3-C2-O3  

and Sn1-O11-C10-C9-C8-O10 six-membered 

cycles adopt a half-chair conformation. 

Corresponding puckering parameters and atom 

deviations, and hydrogen bonds geometrical 

characteristics are given in Tables 2 and 3.  

Five-membered cycles in structures 1 and 2 adopt 

an envelope conformation. The O3 and O10 

atoms in 1 and 2 deviate from the mean-square 

plane of the remaining atoms of the corresponding 

cycles by 0.56 Å, -0.58 Å and 0.63Å, -0.83Å, 

respectively. 

Ni atoms are coordinated by three 

molecules of phenanthroline in cations of the 

structures 1 and 2. The location of Ni atoms in a 

special position causes the fact that only 1.5 

phenanthroline molecules are symmetrically 

independent (Figure 1(b)). One of the  

1,10-phenanthroline molecules is disordered over 

two positions with equal populations due to 

symmetrical position relatively the 2-fold axis in 

the cation B of structure 1 (Figure 1(с)). 

 
Table 1 

Selected bond lengths (Å) and bond angles (°) in structures 1 and 2.  

Structure 1 

Bond Bond length, Ǻ Bond Bond length, Ǻ 

Ge1—O1 1.909 (5) Ni1—N2 2.075 (6) 

Ge1—O3 1.808 (5) Ni1—N3 2.072 (6) 

Ge1—O4 1.940 (5) Ni2—N4 2.108 (7) 

Ge1—O8 1.925 (5) Ni2—N5 2.084 (7) 

Ge1—O10 1.824 (5) Ni2—N6A 2.178 (11) 

Ge1—O11 1.920 (6) Ni2—N6B 2.03 (2) 

Ni1—N1 2.111 (6)   

Bond angle Bond angle value, deg Bond angle Bond angle value, deg 

O1—Ge1—O4 88.6 (2) N2—Ni1—N1  80.0 (2) 

O1—Ge1—O8 89.8 (2) N3—Ni1—N1
1
 95.6 (2) 

O3—Ge1—O1 86.7 (2) N3—Ni1—N2
1
 94.3 (2) 

O3—Ge1—O4 92.6 (2) N3—Ni1—N2 94.0 (2) 

O3—Ge1—O10 98.5 (2) N4
2
—Ni2—N6A

2
 98.9 (5) 

O3—Ge1—O11 92.3 (2) N4
2
—Ni2—N6A 89.2 (5) 

O8—Ge1—O4 83.8 (2) N4—Ni2—N6A 98.9 (5) 

O10—Ge1—O1 94.7 (2) N5
2
—Ni2—N4 93.2 (3) 

O10—Ge1—O8 85.3 (2) N5—Ni2—N4 79.0 (3) 

O10—Ge1—O11 91.6 (2) N5
2
—Ni2—N5 90.7 (4) 

O11—Ge1—O4 85.3 (2) N5—Ni2—N6A 93.8 (4) 

O11—Ge1—O8 90.9 (2) N6A—Ni2—N6A
2
 84.2 (8) 

N1—Ni1—N1
1
 90.5 (3) N6B—Ni2—N4 90.8 (5) 

N2—Ni1—N1
1
 92.4 (2)   

Structure 2 

Bond Bond length, Ǻ Bond Bond length, Ǻ 

Sn1—O1 2.065 (4) Ni1—N1 2.102 (5) 

Sn1—O3 1.993 (4) Ni1—N2 2.095 (5) 

Sn1—O4 2.075 (4) Ni1—N3 2.073 (3) 

Sn1—O8 2.077 (3) Ni2—N4 2.096 (5) 

Sn1—O10 2.003 (4) Ni2—N5 2.091 (4) 

Sn1—O11 2.054 (4) Ni2—N6 2.077 (4) 

Bond angle Bond angle value, deg Bond angle Bond angle value, deg 

O1—Sn1—O4 87.23 (17) N2—Ni1—N1
3
 93.3 (2) 

O1—Sn1—O8 92.87 (15) N2—Ni1—N1 79.4 (2) 

O3—Sn1—O1 81.97 (15) N3—Ni1—N1
3
 95.62 (19) 

O3—Sn1—O4 89.46 (16) N3—Ni1—N2 93.6 (2) 

O3—Sn1—O11 95.07 (14) N5
2
—Ni2—N4 92.83 (17) 

O4—Sn1—O8 87.30 (16) N5—Ni2—N4 79.56 (17) 

O10—Sn1—O1 97.40 (16) N6—Ni2—N4 94.76 (17) 

O10—Sn1—O8 81.02 (15) N6—Ni2—N5 94.73 (17) 

O10—Sn1—O11 88.45 (15) N6—Ni2—N5
2
 93.60 (17) 

O11—Sn1—O4 87.40 (16) N6—Ni2—N6
2
 79.7 (2) 

O11—Sn1—O8 89.78 (15)   
1
 -x+2, y, -z+3/2; 

2
 -x+1, y, -z+1/2, 

3 
-x, y, -z+1/2 
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Table 2 

The conformational characteristics of metalocycles in anions of structures 1 and 2. 

Cyclic atoms 
Mean plane 

accuracy, Å 

Atom/Deviations 

from the mean 

plane, Å  

Puckering parameters [13] 

S θ, ° ψ, ° 

Structure 1 

Ge1–O4–C4–C3–C2–O3 0.02 C2 -0.3 

O3 0.61 

0.93 49.66 25.41 

Ge1–O11–C10–C9–C8–O10 0.02 C8 -0.29 

O10 0.61 

0.97 32.65 26.21 

Structure 2 

Sn1–O4–C4–C3–C2–O3 0.03 C2 -0.4 

O3 0.63 

0.96 52.18 26.91 

Sn2–O11–C10–C9–C8–O10 0.02 C8 -0.31 

O10 0.62 

1.0 29.38 28.34 

 

 

Table 3  

The hydrogen bonds geometrical characteristics for structures 1 and 2.  

D—H···A H···A, Å D···A, Å D—H···A, ° 

Structure 1 

O7—H7···O9
1
 1.79 2.600 (9) 171 

C41—H41···O13 2.30 3.227 (13) 171 

O15—H15A···O6 2.08 2.903 (10) 164 

O15—H15B···O10 1.99 2.823 (8) 166 

O16—H16A···O5 2.01 2.860 (10) 178 

O16—H16B···O15
2
 2.02 2.815 (10) 155 

Structure 2 

O13—H13···O17A 1.88 2.692 (10) 168 

O13—H13···O17B 2.13 2.71 (3) 128 

O15—H15A···O10 2.00 2.801 (7) 161 

O16—H16A···O15 2.09 2.857 (9) 150 

O17A—H17A···O5
3
 2.01 2.808 (11) 156 

O17B—H17C···O16 2.10 2.90 (2) 157 
1
 x, -y+1, z+1/2;  

2
 x, y-1, z; x, 

3
 -y+2, z-1/2. 

 

 
 

The Ni coordination polyhedron is 

octahedron in all cations of the structures 1 and 2. 

The Ni1-N bond lengths vary within the range of 

2.073(6)-2.111(6) Å, and Ni2-N bonds have the 

lengths about of 2.077(4)-2.179(10) Å in 

structures 1 and 2. The former bond lengths are 

well within the expected values, as revealed by a 

search in the CSD [13] for structures containing 

[Ni(phen)3]
2+

 cations (162 entries; range  

2.04-2.19 Å). The N-Ni1-N bond angles vary 

within 80.0(2)-95.6(3)° in the cation of  

type A and within 79.0(3)-99.1(5)° in the cation 

of type B in structures 1 and 2 (Table 1). 

In the crystal phase anions, cations, and 

water molecules of compounds 1 and 2 form 

alternate layers, which are parallel to the  

bc crystallographic plane (Figure 2). The layers 

can be divided into three types: 1) layers 

containing only anions; 2) layers containing 

cations of type A; 3) layers consisting of cations 

of type B. The anions within the layer are bound 

by the O—H···O intermolecular hydrogen bonds 

(as shown in Table 3). 

 

Conclusions 
Complexes of germanium(IV) and 

nickel(II) with citric acid and 1,10-phenanthroline 

were synthesized. The method of synthesis of 

tris(phenanthroline)nickel(II) bis(citrate)stannate 

using complex [Ni(H2O)6][Sn(HCit)2]·4H2O as a 

starting compound was proposed for the 

 first time. It was established, that 

[Ge/Sn(HCit)2]
2-

 anions with similar structure take 

part in the formation of obtained compounds.  

The coordination polyhedrons of the Ge/Sn are 

octahedral and are formed by three pairs of 

oxygen atoms of different types of two  

HCit
-3

 ligands. The structure of thеsе compounds 

is very similar to the structure of complexes 

[Co(рhen)3][Ge(HCit)2]·2H2O and 

[Fe(рhen)3][Ge(HCit)2]·4H2O, that have been 

previously described by the authors. Changing of 
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metal from Co and Fe to Ni in the structure of 

cation does not influence the type and structure of 

formed bis(citrato)germanates. 
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