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Abstract
C27H24CuN4O6S, monoclinic, C1c1 (no. 9), a = 17.405(7) Å, 
b = 13.074(6) Å, c = 13.267(7) Å, b = 123.45(2)°, 
V = 2519.1 Å3, Z = 4, Rgt(F) = 0.046, wRref(F

2) = 0.126, 
T = 291 K.

Source of material 
Re agents and sol vents used were of com mer cially avail able qua-
lity. 1,10-Phenanthroline (phen, 0.2 mmol), mel a mine
(0.1 mmol), CuSO4 · 5H2O (0.1 mmol), pro pane-1,2-diol (2.0 ml)
and wa ter (1.0 ml) were mixed and placed in a thick Py rex tube,
which was sealed and heated to 403 K for 72 h. The tube was
cooled to am bi ent tem per a ture spon ta ne ously, and blue block-
shaped crys tals of the ti tle com pound were ob tained. 

Experimental details
The hy dro gen at oms were po si tioned geo met ri cally and al lowed
to ride on their par ent at oms, with d(C—H) = 0.93 - 0.98 Å and
Uiso(H) = 1.2 Ueq(C); d(O—H) = 0.82 Å and Uiso(H)  = 1.5 Ueq(O).
The sul fate ion is disorded over two po si tions with re fined site
occupancies of 0.51(1) and 0.49(1). The pres ence of pseudo-
sym me try in the struc ture sug gests the higher sym me try space
group C2/c but at tempts to re fine the struc ture in this space group
re sulted in high R and wR val ues, more over, the sol vent pro pane-
1,2-diol mol e cule does not ex hibit two-fold sym me try. Hence the
re quire ment to solve in Cc. The Flack pa ram e ter was re fined as a
full least-squares pa ram e ter, and the re fined value of 0.49(3)

suggests in ver sion twinning. The twinning has been ap plied in
the re fine ment with 1539 Friedel pairs [1].

Discussion 

The de sign and syn the sis of metal-organic com plexes or poly -
meric co or di na tion net works is a rap idly de vel op ing field in co or -
di na tion and supra mo lecu lar chem is try dur ing the past de cades
[2-5]. Many N-containing bidentate lig ands, such as 1,10-
phenanthroline, 4,4'-bipyridine and 2,2'-bipyridine as aux il iary
ligand have been widely ap plied in con struct ing co or di na tion
poly mers [6,7]. In the past few years, we have syn the sized and re -
ported some tran si tion metal com plexes with bidentate-chelating
sul fate aux il iary ligand via a al co hol-solvothermal re ac tion [8-
15], the ti tle com pound was un ex pect edly ob tained dur ing an at -
tempt to syn the size a com plex of Cu-complex with bidentate-
chelating sul fate ligand by the sim i lar route.
X-ray dif frac tion in di cated that the Cu2+ ions are in a dis torted
square-pyramidal co or di na tion formed by four N at oms (N1, N2,
N3, N4) from two che lat ing phen lig ands and an O atom (O3)
from a monodentate sul fate ligand, the N1, N2, N3 and N4 at oms
com prise a square, and the O3 atom the apex of a square pyr a mid.
The Cu—N bond lengths and N–Cu–N an gle are in the range of
1.991(7) - 2.154(8) Å and 80.4(3) - 80.7(3)°, re spec tively. The
two che lat ing N–C–C–N groups sub tend a di hed ral an gle of
84.9(4)°. This api cal Cu—O3 dis tance is 1.40(1) Å. 
In the crys tal struc ture, the metal com plex and sol vent mol e cule
are held to gether by intermolecular hy dro gen bonds:
d(O5–H51···O1) = 2.81(1) Å, ÐO5–H51···O1 = 171.4° and
d(O6–H61···O2) = 2.81(1) Å, ÐO6–H61···O2 = 161.5°, which
helps to fur ther sta bi lize the crys tal struc ture. 
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Crystal: blue block, size 0.19 × 0.21 × 0.24 mm
Wavelength: Mo Ka radiation (0.71073 Å)
m: 10.02 cm-1

Diffractometer, scan mode: Rigaku RAXIS-RAPID, w
2qmax: 54.94°
N(hkl)measured, N(hkl)unique:  12107, 5404
Criterion for Iobs, N(hkl)gt: Iobs > 2 s(Iobs), 4684
N(param)refined: 367
Programs: SHELXS-97, SHELXL-97 [16]

Table 1. Data collection and handling.
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Cu(1) 4a 0.9133(1) 0.69926(3) 0.7067(1) 0.0337(2) 0.0297(2) 0.0436(2) 0.0001(5) 0.0284(2) -0.0013(5)
S(1) 4a 0.9122(3) 0.46037(7) 0.7053(4) 0.0433(5) 0.0255(4) 0.0684(7) -0.002(1) -0.0080(5) 0.004(2)
C(1) 4a 0.8276(6) 0.6754(8) 0.8516(7) 0.044(5) 0.048(5) 0.038(4) 0.001(4) 0.029(4) 0.013(4)
C(2) 4a 0.7698(8) 0.6973(7) 0.880(1) 0.061(6) 0.046(5) 0.053(5) -0.002(4) 0.035(5) 0.006(4)
C(3) 4a 0.7041(7) 0.7702(9) 0.8201(8) 0.053(5) 0.067(6) 0.044(5) -0.003(5) 0.037(5) -0.009(4)
C(4) 4a 0.6912(6) 0.8170(8) 0.7174(8) 0.024(4) 0.040(5) 0.057(5) -0.003(3) 0.026(4) -0.009(4)
C(5) 4a 0.6236(7) 0.8898(8) 0.6397(8) 0.039(5) 0.051(5) 0.042(4) 0.011(4) 0.024(4) -0.006(4)
C(6) 4a 0.6131(7) 0.9269(7) 0.5361(7) 0.049(5) 0.048(5) 0.035(4) -0.001(4) 0.021(4) 0.002(3)
C(7) 4a 0.6773(6) 0.8964(7) 0.5078(7) 0.032(4) 0.034(4) 0.027(3) 0.008(3) 0.012(3) 0.006(3)
C(8) 4a 0.6744(7) 0.9344(7) 0.4040(8) 0.044(5) 0.039(4) 0.045(4) 0.016(3) 0.024(4) 0.007(3)
C(9) 4a 0.7405(7) 0.9004(8) 0.3827(8) 0.061(6) 0.049(5) 0.042(4) 0.013(4) 0.034(4) 0.024(4)
C(10) 4a 0.8082(7) 0.8334(8) 0.465(1) 0.053(6) 0.048(5) 0.068(5) 0.010(4) 0.043(5) 0.004(5)
C(11) 4a 0.7493(6) 0.8289(7) 0.5834(7) 0.038(5) 0.026(4) 0.044(4) -0.004(4) 0.027(4) -0.004(4)
C(12) 4a 0.7528(5) 0.7880(5) 0.6839(7) 0.020(3) 0.022(3) 0.036(3) 0.005(2) 0.010(3) 0.000(2)
C(13) 4a 1.0193(6) 0.8281(7) 0.9491(7) 0.045(5) 0.047(5) 0.028(3) -0.004(4) 0.024(3) -0.010(3)
C(14) 4a 1.0898(8) 0.8956(9) 1.0279(9) 0.057(6) 0.062(6) 0.039(4) 0.000(4) 0.027(4) -0.007(4)
C(15) 4a 1.1498(7) 0.9294(7) 1.0047(8) 0.046(5) 0.048(5) 0.035(4) -0.001(4) 0.014(4) -0.015(4)
C(16) 4a 1.1447(6) 0.8968(7) 0.9019(8) 0.038(5) 0.032(4) 0.051(5) 0.001(3) 0.024(4) 0.008(4)
C(17) 4a 1.2091(6) 0.9258(7) 0.8697(8) 0.026(4) 0.040(5) 0.060(5) -0.019(3) 0.020(4) 0.003(4)
C(18) 4a 1.2064(7) 0.8870(8) 0.7753(9) 0.035(5) 0.043(5) 0.065(6) -0.005(4) 0.031(4) 0.004(5)
C(19) 4a 1.1326(6) 0.8155(7) 0.6972(7) 0.046(5) 0.038(4) 0.030(3) -0.004(3) 0.026(3) 0.002(3)
C(20) 4a 1.1288(6) 0.7717(8) 0.5964(8) 0.036(4) 0.045(4) 0.055(5) -0.003(3) 0.036(4) -0.001(4)
C(21) 4a 1.0596(7) 0.7021(6) 0.5263(8) 0.044(4) 0.056(5) 0.039(4) -0.001(3) 0.039(4) -0.002(3)
C(22) 4a 0.9980(6) 0.6718(8) 0.5663(8) 0.039(5) 0.041(4) 0.044(4) -0.008(4) 0.028(4) -0.005(4)
C(23) 4a 1.0665(6) 0.7839(6) 0.7197(7) 0.036(4) 0.040(4) 0.030(3) 0.003(3) 0.026(3) 0.001(3)
C(24) 4a 1.0756(5) 0.8264(7) 0.8269(6) 0.027(4) 0.028(4) 0.028(3) -0.004(3) 0.014(3) -0.001(3)
C(25) 4a 0.8509(9) 0.136(1) 0.684(1) 0.126(8) 0.120(7) 0.114(7) -0.033(6) 0.081(6) 0.007(6)
C(26) 4a 0.9294(8) 0.1273(6) 0.680(1) 0.138(7) 0.037(3) 0.139(7) 0.003(4) 0.108(6) -0.002(4)
C(27) 4a 0.9377(9) 0.0313(9) 0.639(1) 0.149(8) 0.109(6) 0.148(8) -0.009(6) 0.090(6) -0.025(6)
N(1) 4a 0.8236(5) 0.7167(6) 0.7541(7) 0.036(4) 0.035(4) 0.035(4) -0.001(3) 0.026(3) 0.005(3)
N(2) 4a 0.8169(6) 0.7964(5) 0.5645(6) 0.039(4) 0.035(4) 0.029(3) 0.005(2) 0.025(3) 0.007(2)
N(3) 4a 1.0146(6) 0.7953(5) 0.8513(7) 0.033(4) 0.033(4) 0.043(4) -0.001(2) 0.025(3) 0.001(3)
N(4) 4a 1.0036(5) 0.7142(6) 0.6566(7) 0.028(4) 0.033(4) 0.043(4) -0.005(3) 0.024(3) -0.004(3)
O(3’) 4a    0.49(1) 0.938(1) 0.561(1) 0.759(1) 0.10(1) 0.031(6) 0.051(8) 0.004(7) 0.055(8) 0.002(6)
O(3) 4a    0.51 0.8856(7) 0.5572(9) 0.651(1) 0.041(6) 0.026(5) 0.041(7) -0.009(4) 0.021(5) 0.003(5)
O(4) 4a    0.51 0.9149(8) 0.4809(9) 0.8288(8) 0.066(5) 0.055(5) 0.027(4) 0.011(3) 0.037(4) 0.001(3)
O(1) 4a 0.8294(5) 0.4005(6) 0.6516(6) 0.057(4) 0.062(4) 0.052(3) 0.004(3) 0.035(3) 0.011(3)
O(2) 4a 0.9941(4) 0.4037(6) 0.7525(8) 0.033(3) 0.068(5) 0.112(6) 0.003(3) 0.041(4) -0.023(4)
O(5) 4a 0.8622(8) 0.2120(6) 0.7703(8) 0.144(8) 0.058(5) 0.089(5) -0.004(4) 0.085(6) -0.012(4)
O(6) 4a 0.9678(6) 0.2073(5) 0.6522(8) 0.109(6) 0.063(5) 0.143(8) -0.013(4) 0.110(6) -0.042(5)

Ta ble 3. Atomic co or di nates and dis place ment pa ram e ters (in Å2).

Atom Site   Occ. x y z U11 U22 U33 U12 U13 U23

H(20) 4a 1.1716 0.7894 0.5783 0.048
H(21) 4a 1.0518 0.6751 0.4563 0.045
H(22) 4a 0.9545 0.6208 0.5245 0.046
H(25A) 4a 0.8384 0.0702 0.7065 0.134
H(25B) 4a 0.7983 0.1538 0.6050 0.134
H(26) 4a 0.9767 0.1201 0.7659 0.106
H(27A) 4a 0.8881 0.0220 0.5564 0.197
H(27B) 4a 0.9954 0.0276 0.6456 0.197
H(27C) 4a 0.9354 -0.0213 0.6878 0.197
O(4') 4a     0.49 0.9127(8) 0.4812(9) 0.5729(9) 0.039(3)
H(51) 4a 0.8490 0.2685 0.7381 0.130
H(61) 4a 0.9719 0.2582 0.691 0.126

Ta ble 2. Continued.

Atom Site   Occ. x y z Uiso
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H(1) 4a 0.8745 0.6292 0.8998 0.048
H(2) 4a 0.7731 0.6623 0.9434 0.061
H(3) 4a 0.6673 0.7890 0.8478 0.059
H(5) 4a 0.5838 0.9139 0.6604 0.052
H(6) 4a 0.5650 0.9710 0.4855 0.054
H(8) 4a 0.6293 0.9809 0.3518 0.051
H(9) 4a 0.7392 0.9221 0.3150 0.056
H(10) 4a 0.8517 0.8123 0.4497 0.061
H(13) 4a 0.9762 0.8065 0.9653 0.045
H(14) 4a 1.0943 0.9170 1.0978 0.063
H(15) 4a 1.1956 0.9751 1.0573 0.057
H(17) 4a 1.2542 0.9739 0.9173 0.053
H(18) 4a 1.2504 0.9049 0.7595 0.055

Ta ble 2. Atomic co or di nates and dis place ment pa ra m e ters (in Å2).

Atom Site   Occ. x y z Uiso
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