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(I)  (AgX; X= Cl, Br, I) (PPh3) 

(TAA)   3    [Ag(PPh3)2(TAA)Cl](1), 

[Ag(PPh3)2(TAA)Br](2)    {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}⋅0.5CH3OH(3) 

  (1)  (2) 

   1P     a = 

11.9140(5),  b = 13.2068(6), c = 13.5971(6) Å, α = 84.854(1), β = 67.333(1), γ  = 65.517(1)o, � = 

2, a = 11.9203(6) , b = 13.4552(6) , c = 13.5651(6) Å, α = 83.9690(10), β = 67.9220(10), γ  = 

63.9750(10)o, � = 2   (3)  

 Cc    a = 18.5869(7) Å,  b = 19.5999(7) Å, c = 23.4557(6) Å, α 

= 90o, β = 101.128(1)o, γ  = 90o, � = 4   (1), (2)  

[Ag(PPh3)2(TAA)Cl]  (3) 

   PPh3 

   TAA  

  [Ag(PPh3)3Cl]  (3) 

  PPh3  
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ABSTRACT 

 

 The crystal structures of three silver(I) halide (AgX; X= Cl, Br )  complexes 

containing thioacetamide (TAA) and triphenylphosphine (PPh3) as ligand are described. 

[Ag(PPh3)2(TAA)Cl](1), [Ag(PPh3)2(TAA)Br](2) and {[Ag(PPh3)2(TAA)Cl] 

[Ag(PPh3)3Cl]}⋅0.5CH3OH(3) have been studied by single crystal X-ray diffraction methods. 

Complexes (1) and (2) are isomorphous and crystallize in triclinic system, space group 1P with 

cell parameters a = 11.9140(5),  b = 13.20�8(�), c = 13.5971(�) Å, α = 84.854(1), β = �7.333(1), 

γ  = �5.517(1)o, Z = 2 and a = 11.9203(�),  b = 13.4552(�), c = 13.5�51(�) Å, α = 83.9�90(10), β 

= �7.9220(10), γ  = �3.9750(10)o, Z = 2 respectively. Complex (3) crystallizes in monoclenic 

system, space group Cc with cell parameters a = 18.58�9(7),  b = 19.5999(7), c = 23.4557(�) Å, 

α = 90, β = 101.128(1), γ  = 90o, Z = 4.The geometry of silver atom in complexes (1), (2) and 

[Ag(PPh3)2(TAA)Cl] molecule in  (3) is distorted tetrahedral coordinated to two phosphorus 

atoms from two triphenylphosphine molecules, one sulfur atom of thioacetamide molecule and 

one halogen atom while [Ag(PPh3)3Cl]  in complex (3) is distorted tetrahedral coordinated to 

three phosphorus atoms from three triphenylphosphine molecules and one chloride atom. In 

addition, all complexes have been characterized by elemental  analysis, X-ray fluorescence 

spectrometry, Fourier transform infrared spectroscopy and Fourier transform nuclear magnetic 

resonance spectroscopy. 
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3.9 XRF สเปกตรัมของซัลเฟอรและฟอสฟอรัสในสารประกอบเชิงซอน[Ag(PPh3)2(TAA)Br] 42 
3.10 XRF สเปกตรัมของโบรมีนในสารประกอบเชิงซอน [Ag(PPh3)2(TAA)Br]  43 
 
 
 



 

 

(11)

รายการรูป (ตอ) 

 

รูปที่                       หนา 
3.11 XRF สเปกตรัมของของซิลเวอรในสารประกอบเชิงซอน         44 
       {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH   
3.12 XRF สเปกตรัมของซัลเฟอร, ฟอสฟอรัสและ คลอรีนในสารประกอบเชิงซอน     45 
        {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH                      
3.13   1H NMR สเปกตรัมของลิแกนดไธโออะเซทาไมดใน DMSO-d6   46 
3.14  1H NMR สเปกตรัมของลิแกนดไตรฟนิลฟอสฟนใน DMSO-d6    47 
3.15  1H NMR สเปกตรัมของสารประกอบเชิงซอน[Ag(PPh3)2(TAA)Cl] ใน CDCl3               48 
3.16  1H NMR สเปกตรัมของสารประกอบเชิงซอน[Ag(PPh3)2(TAA)Br] ใน CDCl3               49 
3.17  1H NMR สเปกตรัมของสารประกอบเชิงซอน      50 
          {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·CH3OHใน CDCl3    
3.18  13C NMR สเปกตรัมของลิแกนดไธโออะเซทาไมดใน DMSO-d6   51 
3.19  13C NMR สเปกตรัมของลิแกนดไตรฟนิลฟอสฟนใน DMSO-d6   52 
3.20  13C NMR สเปกตรัมของสารประกอบเชิงซอน[Ag(PPh3)2(TAA)Cl] ใน CDCl3  53 
3.21  13C NMR สเปกตรัมของสารประกอบเชิงซอน[Ag(PPh3)2(TAA)Br] ใน CDCl3  54 
3.22  13C NMR สเปกตรัมของสารประกอบเชิงซอน     55 
           {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OHใน CDCl3  
3.23 โครงสรางโมเลกุลของสารประกอบเชิงซอน[Ag(PPh3)2(TTA)Cl]   58 
3.24 อันตรกิริยาของพันธะไฮโดรเจนของสารประกอบเชิงซอน    59 
        [Ag(PPh3)2(TAA)Cl] 
3.25 โครงสรางของสารประกอบเชิงซอน [Ag(PPh3)2(TAA)Cl] ในหนวยเซลล  59 
         พล็อตตามแกน a 
3.26 แสดงโครงสรางของสารประกอบเชงิซอน [Ag(PPh3)2(TAA)Cl] ในหนวยเซลล   60 

พล็อตตามแกน b 
3.27 โครงสรางของสารประกอบเชิงซอน [Ag(PPh3)2(TAA)Cl] ในหนวยเซลล                60        
         พล็อตตามแกน c 
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รายการรูป (ตอ) 

 

รูปที่                       หนา 
3.28 โครงสรางโมเลกุลของสารประกอบเชิงซอน [Ag(PPh3)2(TAA)Br]   63 
3.29 อันตรกิริยาของพันธะไฮโดรเจนที่ของสารประกอบเชิงซอน    64 
        [Ag(PPh3)2(TAA)Br] 
3.30 โครงสรางของสารประกอบเชิงซอน [Ag(PPh3)2(TAA)Br] ในหนวยเซลล  64 
         พล็อตตามแกน a 
3.31 โครงสรางของสารประกอบเชิงซอน [Ag(PPh3)2(TAA)Br] ในหนวยเซลล   65 

พล็อตตามแกน b 
3.32 โครงสรางของสารประกอบเชิงซอน [Ag(PPh3)2(TAA)Br] ในหนวยเซลล   65 

พล็อตตามแกน c 
3.33 โครงสรางของสารประกอบเชิงซอน{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·CH3OH 69 
3.34 อันตรกิริยาของพันธะไฮโดรเจนที่เกดิขึ้นในสารประกอบเชิงซอน   70 
       {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH 
3.35 โครงสรางของสารประกอบเชิงซอน{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH   70 
        ในหนวยเซลลพล็อตตามแกน a 
3.36 โครงสรางของสารประกอบเชิงซอน {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH 71 
        ในหนวยเซลลพล็อตตามแกน b  
3.37 โครงสรางของสารประกอบเชิงซอน {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH 71 
         ในหนวยเซลลพล็อตตามแกน c 
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        สัญลักษณคํายอและตัวยอ 
 

 K  = เคลวิน 
 kJ  = กิโลจูล (kilo joule) 
 mg  = มิลลิกรัม 
 keV  = kilo electron volt 
 mmol  = มิลลิโมล 
 PPh3  = triphenylphosphine 
 TAA  = thioacetamide 
 pytH   =  pyridine-2-thione  
 pymtH   =  pyrimidine-2-thione 
 Hpz  =  pyrazole 
 tetz  = tetrazole 
 bpy  = 4, 4′-bipyridine  
 pymtH  = pyrimidine-2-thione   
 tmhdH  = 2,2,6,6-tetramethyl-3,5-heptanedione  
 S-tmhdH = 5, mercapto-2,2,6,6-tetramethyl-4-hepten-3-one  
 TAMTTO = 6-methyl-4-[thiophene-2-yl-methylene-amino]-3-thioxo- 
    [1,2,4]-triazin-3,4-dihydro(2H)-5-one 
 DMSO-d6 = hexadeutero-dimethyl sulphoxide 
 CDCl3  = Deuterium Chloroform 
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����� 1 

 

����	 
 

����	
������� 

 

 ������	
����������������������(coordination compound) &�'���������
���()*��  (complex compound) .��������*	���/�0&�'�
����1�(�2&���34�2(�0�2�52 
��6��	4 �2&�73����2( (central metal) )8�(�2&��4	�9&:4��;��2&����)���� (transition metal) 
��=(�6=��'��(.��2&����)����06��������2 (orbital) �6�	4(��34 .8(�0�?����@��A�����������/���	
�2�/�����25401�(
����&�'��0�2�52/4(B
�*�6 ���
����&�'��0�2�52�6�2*�0�����34��6��	4      
2�C���� (ligand) )8�(.�/*�(06���2E�/����34�����6��	 (lone pair electron) ��4(�*���6��5� 1 �34 
�@'���6�.��F0��*(@��A�����������/���	�2�/��4	0����2&�73����2( (G	�/ �6	���/5, 2546) 9�
(�	�.����=��6=
�*�F����(����&�C2�78�M���(��*(1�(�����������()*����&	4(��2'�1�(
)�2�	���(I) )8�(06C��
������;��2�
��� ���
0�� C2�
���
��� ���2�C����
/�OP��2O��OP� 
(triphenylphosphine) C2�
A�����)�
0�� (thioacetamide) 

)�2�	��� (Ag) &�'��(�� ��;�A/5/�	�6���(1�(&034 IB  &�'�&034 11 ��;��2&����)�
���C?	�6���( 06�21��/�0 (atomic number) ��4��� 47 06��.�����(��*(���2E�/�����;� [Kr] 
4d10 5s1  ?8(C0*	4)�2�	���06��.����6�(���2E�/���	(�����349� ns1 �2*�����2&���2�
2��  C/406
�0��/��6�C/�/4(���0���4� 06�4 effective nuclear charge C2��4@2�((�
���
�)��)����3(�	4
0�  �21���)������1�()�2�	��� �'� +1, +2 C2� +3 C/4�6�@�0��6��5��'� +1 )8�(9�A��0�/��4	�
9&:4.�@�)�2�	�����349��3�1�(�������� ��4� argentite (Ag2S), horn silver (AgCl) C2� 
pyrargyrite (Ag3SbS3) ���.��6= ��(06��������)�2�	����6�&2������6�06�`	����)������ 
(oxidation state), �21������������� (coordination number) C2��3���(��1�a�/ (geometry) �6�
C/�/4(��� ��(C��(9�/�( 1.1 

)�2�	���(I)  .����;� soft  acid  .8(�������������������� soft  base  ligand 
�*�6 
/�	��4(��4�     2�C�����6�06��/�0)�2�O���(S) O��O����(P) C2�
��/��.� (N) ��;�
�(�������� )8�(�����������()*��)�2�	���(I) ���2�C�����&24�6=.����;����������6��4��9.
��=(�(�*��3��4(C2��3���(��1�a�/ ���06�3��4(C���0���0���(monomers) ��2����0���
(oligomers) C2��@2��0��� (polymers) (Wu, et al., 2003) .���78�M���(��*(��������
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���()*��1�()�2�	���(I) @�	4��.��/�	1�(��/�0)�2�	���(I)  06&2�C��C/4�6�@�0�06 2 C�� 
�'���(�6�&�* (tetrahedral)  C2��0�&26��0C���� (trigonal) A 
/�( 1.1 C��(���)��������/�C2���.��/�	1�()�2�	���9���������/4(B 

 
Oxidation  
   state 

Coordination      
    number 

Geometry Examples 

AgI, d10 

 
 
 
 
 
 
 
AgII, d9 
 
AgIII, d8 

2a 

3 
4a 

 
5 
 
5 
6 
4 
6 
4 
6 

Linear 
Trigonal 
Tetrahedral 
 
Distorted pentagonal    
   plane 
Pentagonal pyramidal 
Octahedral 
Planar 
Distorted Octahedral 
Planar 
Octahedral 

[Ag(CN)2]
−, [Ag(NH3)2]

+, AgSCN  
[Ag(PCy2Ph)3]BF4  
[Ag(SCN)4]

3−,[AgI(PR3)]4, 
[Ag(py)4]

+, [Ag(PPh3)4]ClO4  
[Ag(L)]+ b 
 
[Ag(L)]2

2+  b
 

AgF, AgCl, AgBr (NaCl structure) 
[Ag(py)4] 
Ag(2,6-pyridinedicarboxylate)2·H2O 
AgF−

4, [Ag(ebbg)2]
3+ c 

[Ag(IO6)2]
7−, Cs2KAgF6 

     aMost common states       bL is an N5 macrocycle       cebbg2 = ethylenebis(biguanide) 
 �6�0 : Cotton and Wilkinson, 1998 : 940 


A�����)�
0�� (thioacetamide) C2�
/�OP��2O��OP� (triphenylphosphine) 
.����;� soft donor ligand )8�(06���(��*(��(�3��6� 1.1 C2� 1.2  /02F��� 

 

S C

CH3

NH2  
 

�3��6� 1.1 ���(��*(1�(
A�����)�
0�� (TAA) 
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�3��6� 1.2 ���(��*(1�(
/�OP��2O��OP� (PPh3)  
 

.��3��6� 1.1 C2� 1.2 .��&E�
�*	42�C����
A�����)�
0��C2�
/�OP�62O��OP�06
��=(��/�0)�2�O���(S)  
��/��.�(N)  C2�O��O����(P) �6��0�?����@��A�����2&�)�2�	���

�* .8(��;�2�C�����6��4��9.   

9�(�	�.����=��6=
�*�F����(����&� 78�M���(��*( C2�78�M�5a�0��/��(��06
C2��(��`@1�(�����������()*��1�()�2�	���(I)�w
2�� (AgX ; X = Cl, Br)   ���2�C����
����`�)���/�/�	�/�
A���3��6� �'� 
A�����)�
0�� C2� 2�C����O��OP� �'� 
/�OP�62O��OP�
9�2��Ma�2�C����z�0 (mixed ligand) ����2&�)�2�	���(I) C2�
�*78�M���(��*(z28�1�(���
�����(I)���
0�� (CuBr) ���2�C������=(��()8�(������;������������()*�� [M(PPh3)2(TAA)X] 
����6� M = Ag(I), Cu(I) C2� X = Cl, Br 
 

�	
������	 

  9��P 1996 Long C2��a� (Long et al., 1996) 
�*��(����&������������()*��
��&	4( Ag(PPh3)2NO3 ��� 2�C���� (K4Mo(CN)8) @�	4�����������()*��06�3/����	
��'� 

[Ag(PPh3)4]2Mo6O19⋅3CH2Cl2 C2�78�M2��Ma����(��*(1�(�����������()*���*	�	�A6��
�26=�	���1�(��(�6���)���z28���6��	 )8�(061*�032z28���(�6= /�z28���349����� cubic &034��� 3̀0� 

mFm3 , a = 24.500(3)  Å C2�  Z = 4 ���06���(��*(��(�3��6� 1.3 
 

P
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�3��6� 1.3 ���(��*(1�( [Ag(PPh3)4]
+ 

 
 9��P 1997 Aslanidis C2��a� (Aslanidis et al., 1997) 
�*��(����&���������
���()*��)�2�	���(I) 
��/�/ ���2�C���� heterocyclic thiones (pytH = pyridine-2-thione, pymtH = 
pyrimidine-2-thione) C2�  triphenylphosphine @�	4  ��� ������������ ()*��
[Ag(PPh3)2(pytH)2]NO3(1) C2� [Ag(PPh3)2(pymtH)2]NO3(2) 78�M2��Ma����(��*(1�(
�����������()*���*	�	�A6���26=�	���1�(��(�6���)���z28���6��	 )8�(061*�032z28���(�6= 
�����������()*��(1) /�z28���349����� monoclinic &034��� 3̀0� P21/c,  a  = 12.588(3),  b = 
18.234(1),  c = 18.527(5)  Å, β  = 96.29(2)} C2�  Z = 4 ���(��*(��(C��(9��3��6�  1.4 

 
                                                  

�3��6� 1.4 ���(��*(1�( [Ag(PPh3)2(pytH)2]NO3 



 

 

         5 

  �����������()*��(2) /�z28���349����� triclinic &034��� 3̀0� 1P   a  = 10.084(2),  
b = 13.508(3),  c = 14.326(3)  Å,   α  = 77.43(2),  β = 78.77(2), γ = 79.14(2)} ,  Z = 2,  
���(��*(��(C��(9��3��6� 1.5 

 
�3��6� 1.5 ���(��*(1�( [Ag(PPh3)2(pymtH)2]NO3 

 
  9��P 1997 Attilio C2��a� (Attilio et al., 1997) 
�*��(����&������������()*��
��&	4( )�2�	���(I) 
@��)�2/ ��� triphenylphosphine ������;������������()*��
�
��	��26��� [Ag2(pz)2(PPh3)2] (1) C2� [Ag2(pz)2(PPh3)3] (2) (Hpz = pyrazole) �F��78�M
���(��*(1�(�����������()*���6���(����&�
�*�*	�	�A6 31P NMR C2� ���26=�	���1�(��(�6
���)���z28���6��	 )8�(061*�032z28���(�6= �����������()*��(1) /�z28���349����� triclinic &034
��� 3̀0� 1P ,  a  = 9.567(2),  b = 11.440(2),  c = 10.073(2)  Å,   α  = 93.59(4),  β = 101.32(4), 
γ = 90.10(4)} ,  Z = 4,  R = 0.0662  ���(��*(��(C��(9��3��6� 1.6 

 
�3��6� 1.6 ���(��*(1�( [Ag2(pz)2(PPh3)2] 
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  �����������()*��(2) /�z28���349����� triclinic &034��� 3̀0� 1P ,  a  = 9.752(2),  
b = 14.136(2),  c = 20.450(2)  Å,   α  = 101.84(1),  β = 99.83(2), γ = 100.68(2)} ,  Z = 2,  R = 
0.0225  ���(��*(��(C��(9��3��6�  1.7 

 

 
�3��6� 1.7���(��*(1�( [Ag2(pz)2(PPh3)3] 

    
  9��P 1998 Nomiya C2��a� (Nomiya et al., 1998) 
�*��(����&���������
���()*���@2��0��� [Ag(1, 2, 3-L(PPh3)2]n (1) C2� [Ag(1, 2, 4-L(PPh3)2]n (2)(HL = triazole) .�
���������&	4([Ag(1, 2, 3-L)]n ��� triphenylphosphine C2� [Ag(1, 2, 4-L)]n ��� 
triphenylphosphine 78�M���(��*(1�(�����������()*���6���(����&�
�*�*	�	�A6  TG/DTA, 
FT-IR, NMR C2�  ���26=�	���1�(��(�6���)���z28���6��	 )8�(061*�032z28���(�6= ��������
���()*��(1) /�z28���349����� monoclinic &034��� 3̀0� Cc ,  a  = 23,792 (4),  b = 15.651(6),  c = 
9.119(5)  Å,  β =  100.06(3)} ,  Z = 4,  R = 0.052  ���(��*(��(C��(9��3��6� 1.8 

 
 

�3��6� 1.8 ���(��*(1�( [Ag(1, 2, 3-L(PPh3)2]n 
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  �����������()*��(2) /�z28���349����� monoclinic &034��� 3̀0� P21/n ,  a  = 
14.59(5),  b = 9.526(6),  c = 24.617(3)  Å,  β =  93.01(2)} ,  Z = 4,  R = 0.055  ���(��*(��(
C��(9��3��6�  1.9 

 
�3��6� 1.9 ���(��*(1�( [Ag(1, 2, 4-L(PPh3)2]n 

 
  9��P 1998 Nomiya C2��a� (Nomiya et al., 1998) 
�*��(����&���������
���()*��[Ag(Htsa)(PPh3)3] (H2tsa = o-HS(C6H4)CO2H) .����������&	4( [AgCl(PPh3)2]2 ��� 
H2tsa 78�M���(��*(1�(�����������()*���6���(����&�
�*�*	�	�A6  TG/DTA, FT-IR, NMR 
C2�  ���26=�	���1�(��(�6���)���z28���6��	 )8�(061*�032z28���(�6= �����������()*�� 
[Ag(Htsa)(PPh3)3] /�z28���349����� monoclinic &034��� 3̀0� P21/n ,  a  = 10.74(1),  b = 
24.993(3),  c = 19.864(3)  Å,  β = 105.30(4),  Z = 4,  R = 0.086  ���(��*(��(C��(9��3��6�  1.10 
  

 
�3��6� 1.10 ���(��*(1�( [Ag(Htsa)(PPh3)3] 
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  9��P 2000 Nomiya C2��a� (Nomiya et al., 2000) 
�*��(����&���������
���()*��1�()�2�	���(I) 
��/�/ ���2�C����z�01�( tetrazole ��� triphenylphosphine ������;�
�����������()*�� [Ag(tetz)(PPh3)2]n78�M���(��*(1�(�����������()*���6���(����&�
�*
�*	�	�A6  TG/DTA, NMR C2� ���26=�	���1�(��(�6���)���z28���6��	 )8�(061*�032z28���(�6= 
�����������()*��[Ag(tetz)(PPh3)2]n /�z28���349����� monoclinic &034��� 3̀0� P21/n ,  a  = 
14.587(2),  b = 9.471(3),  c = 24.653(2)  Å,  β =  92.104(9)} ,  Z = 4,  R = 0.044  ���(��*(��(
C��(9��3��6� 1.11 
  

 
�3��6� 1.11 ���(��*(1�( [Ag(tetz)(PPh3)2]n 

 
  9��P 2000 Lettko C2��a� (Lettko et al., 2000) 
�*��(����&������������()*��
[(PPh3)2Ag(I)(SO3CF3)] .����������&	4( [Ag(I)(SO3CF3)] ��� triphenylphosphine 78�M
���(��*(1�(�����������()*���6���(����&�
�*�*	�	�A6  31P NMR C2� ���26=�	���1�(��(�6
���)���z28���6��	 )8�(061*�032z28���(�6= �����������()*��/�z28���349����� monoclinic &034

��� 3̀0� 1P ,  a  = 12.368(5),  b = 12.707(7),  c = 13.309(3)  Å,α  = 71.93(3),  β = 62.57(3), γ = 
70.59(4)},  Z = 1,  R = 0.05  ���(��*(��(C��(9��3��6� 1.12 
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�3��6� 1.12 ���(��*(1�( [(PPh3)2Ag(I)(SO3CF3)] 
 

  9��P 2000 Sampanthar C2��a� (Sampanthar et al., 2000) 
�*��(����&�
�����������()*�� [{Ph3PAg}2(µ-bpy)]ClO4(1), [{Ph3PAg}2(µ-bpy)]n(2) C2� 

[{Ph3PAg(NO3)}2 (µ-bpy)]n(3)�����(����&�.� AgX (AgX = ClO4
-, I-, NO3

- ) ���2�C���� 4, 4′-
bipyridine (bpy)   C2� triphenylphosphine 78�M���(��*(1�(�����������()*���6���(����&�

�*�*	�	�A6  	�A6���26=�	���1�(��(�6���)���z28���6��	 )8�(061*�032z28���(�6= �����������()*��
(1) /�z28���349����� monoclinic &034��� 3̀0 P21/c, a  = 12.1423(2),  b = 9.9180(1),  c = 
18.9714(2)  Å ,  β = 100.713(1),  Z = 2,  R = 0.0904  ���(��*(��(C��(9��3��6� 1.13 
 

 
   

�3��6� 1.13 ���(��*(1�( [{Ph3PAg}2(µ-bpy)]ClO4 
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  �����������()*��(2) /�z28���349����� triclinic &034��� 3̀0 1P , a  = 9.2630(2),  
b = 9.7394(1),  c = 13.2724(2)  Å,α  = 104.76(1),  β = 108.86(1), γ = 93.092(4)},  Z = 1,  R = 
0.0431  ���(��*(��(C��(9��3��6� 1.14 
 

 
�3��6� 1.14���(��*(1�( [{Ph3PAg}2(µ-bpy)]n 

 
  �����������()*��(3) /�z28���349����� triclinic &034��� 3̀0 1P , a  = 9.2402(3),  
b = 10.1426(3),  c = 12.6894(4)  Å,α  = 75.462(1),  β = 75.020(1), γ = 83.260(1)},  Z = 1,  R = 
0.0571  ���(��*(��(C��(9��3��6� 1.15 

 
 

�3��6� 1.15 ���(��*(1�( [{Ph3PAg(NO3)}2(µ-bpy)]n 
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  9��P 2000 Cox C2��a� (Cox et al., 2000) 
�*��(����&������������()*�� 
Ag(I)Br ���2�C���� pyrimidine-2-thione (pymtH) C2� triphenylphosphine ������;���������
���()*��[Ag(PPh3)(pymtH)Br]2 78�M���(��*(1�(�����������()*���6���(����&�
�*�*	�
	�A6���26=�	���1�(��(�6���)���z28���6��	 )8�(061*�032z28���(�6= �����������()*��/�z28���349�
���� monoclinic &034��� 3̀0� C2/c,  a  = 27.284(3),  b = 9.219(2),  c = 18.465(2)  Å, β = 
108.44(2)},  Z = 4,  R = 0.033  ���(��*(��(C��(9��3��6�  1.16 
 

 
�3��6� 1.16���(��*(1�(  [Ag(PPh3)(pymtH)Br]2 

 

  9��P 2002 Ngo C2��a� (Ngo et al., 2002) 
�*��(����&������������()*�� 
Ag(I)NO3 ���2�C���� 2,2,6,6-tetramethyl-3,5-heptanedione (tmhdH), 5,mercapto-2,2,6,6-
tetramethyl-4-hepten-3-one (S-tmhdH)C2� triphenylphosphine ������;������������()*�� 
[Ag(tmhd)(PPh3)](1) C2� [Ag(S-tmhd)(PPh3)](2) 78�M���(��*(1�(�����������()*���6�
��(����&�
�*�*	�	�A6���26=�	���1�(��(�6���)���z28���6��	 )8�(061*�032z28���(�6= ��������
���()*��(1) /�z28���349����� monoclinic &034��� 3̀0 P21/c, a  = 13.253(6),  b = 11.756(3),  c = 
17.722(5)  Å,  β = 102.40(3)},  Z = 4,  R = 0.0422  ���(��*(��(C��(9��3��6� 1.17 
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�3��6� 1.17 ���(��*(1�( [Ag(tmhd)(PPh3)] 

 

  �����������()*��(2) /�z28���349����� triclinic &034���`30 1P ,  a  = 11.194(3),  
b = 13.639(3),  c = 20.431(5)  Å,α  = 75.32(2),  β = 78.37(2), γ = 72.37(2)},  Z = 2,  R = 
0.0817  ���(��*(��(C��(9��3��6�  1.18 

    
�3��6� 1.18 ���(��*(1�( [Ag(S-tmhd)(PPh3)] 

 

  9��P 2003 Wu C2��a� (Wu et al., 2003) 
�*��(����&������������()*�� 
[Ag3(µ-bim)3(PPh3)5] .����������&	4( [Ag(bim)]n ��� triphenylphosphine 78�M���(��*(
1�(�����������()*���6���(����&�
�*�*	�	�A6  IR, UV/VIS C2� ���26=�	���1�(��(�6���)���

z28���6��	)8�(061*�032z28���(�6= �����������()*��/�z28���349����� triclinic &034��� 3̀0� 1P  ,  a  
= 19.325(2),  b = 23.416(7),  c = 25.724(3)  Å,α  = 66.197(2),  β = 76.557(2), γ = 75.323(2)},  
Z = 4,  R = 0.0536  ���(��*(��(C��(9��3��6� 1.19 
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�3��6� 1.19 ���(��*(1�( [Ag3(µ-bim)3(PPh3)5] 
 

  9��P 2004 Attilio C2��a� (Attilio et al., 2004) 
�*��(����&������������()*�� 
[Ag2(im)2(PPh3)3]n(1) C2� [Ag(im)(PPh3)2]n(2)   .����������&	4( [Ag(bim)]n ��� 
triphenylphosphine  78�M���(��*(1�(�����������()*���6���(����&�
�*�*	�	�A6���26=�	���
1�(��(�6���)���z28���6��	 )8�(061*�032z28���(�6= �����������()*��(1) /�z28���349����� 
monoclinic &034��� 3̀0� P2/1c,  a  = 10.678(1),  b = 39.858(2),  c = 13.310(2)  Å,  β = 91.31(1)},   
Z = 4,  R = 0.0433  ���(��*(��(C��(9��3��6� 1.20 
 

 
 

�3��6� 1.20 ���(��*(1�( [Ag2(im)2(PPh3)3]n 
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  �����������()*��(2) /�z28���349����� monoclinic &034��� 3̀0� P2/1n,  a  = 
14.561(1),  b = 9.674(2),  c = 24.463(2)  Å,  β = 91.56(2)},  Z = 4,  R = 0.0263  ���(��*(��(
C��(9��3��6� 1.21 

 
   

�3��6�  1.21 ���(��*(1�( [Ag(im)(PPh3)2]n 
 

  9��P 2004 Gassemzadeh C2��a� (Gassemzadeh et al., 2004) 
�*��(����&�
�����������()*��[Ag(TAMTTO)(PPh3)2]NO3(1) C2� [Ag(FAMTTO)(PPh3)2]NO3(2)   .�
���������&	4( [Ag(PPh3)2NO3] ���2�C���� 6-methyl-4-[thiophene-2-yl-methylene-amino]-3-
thioxo-[1,2,4]-triazin-3,4-dihydro(2H)-5-one(TAMTTO) C2�  4-[furan-2-yl-methylene-amino]-
6-methyl-3-thioxo-[1,2,4]-triazin-3,4-dihydro(2H)-5-one(FAMTTO)   78�M���(��*(1�(
�����������()*���6���(����&�
�*�*	�	�A6���26=�	���1�(��(�6���)���z28���6��	  )8�(061*�032

z28���(�6= �����������()*��(1) /�z28���349����� triclinic &034��� 3̀0� 1P ,  a  = 1151.1(1),  b = 
1225.1(2),  c = 1887.4(3)  Å, α  = 78.04(1),  β = 86.20(1), γ = 76.03(1)} ,  Z = 2  ���(��*(��(
C��(9��3��6� 1.22 

 
 

�3��6� 1.22 ���(��*(1�( [Ag(TAMTTO)(PPh3)2]NO3   
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  �����������()*��(2) /�z28���349����� triclinic &034��� 3̀0� 1P ,  a  = 1189.7(2),  
b = 1387.8(2),  c = 1410.9(2)  Å, α  = 94.74(2),  β = 95.12(2), γ = 112.41(2)} ,  Z = 2  
���(��*(��(C��(9��3��6� 1.23 

 
�3��6�  1.23  ���(��*(1�( [Ag(FAMTTO)(PPh3)2]NO3 

 

  9��P 2005  Wei C2��a� (Wei et al., 2005) 
�*��(����&������������()*��
[Ag(PPh3)2(NMP)]  .����������&	4( [Ag(PPh3)2NO3]   ���2�C����   2-(4-
Dimethylaminophenyl)imidazo(4,5-f)(1,10)phenantroline) (NMP)  78�M���(��*(1�(
�����������()*���6���(����&�
�*�*	�	�A6 elemental analysis, IR C2� ���26=�	���1�(��(�6
���)���z28���6��	  )8�(061*�032z28���(�6= �����������()*��/�z28���349����� triclinic &034

��� 3̀0� 1P ,  a  = 10.971(4),  b = 14.472(5),  c = 20.053(1)  Å, α  = 96.475(3),  β = 97.895(2), 
γ = 111.252(5)} ,  Z = 2  ���(��*(��(C��(9��3��6� 1.24 

 
 

�3��6�  1.24 ���(��*(1�(  [Ag(PPh3)2(NMP)] 
  9��P  2005  Han   C2��a� (Han et al., 2005) 
�*��(����&������������()*��
��&	4( silver α, β - unsaturated carboxylate ��� triphenylphosphine  ������;���������
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���()*�� [Ag2(O2CCH=C(CH3)2(PPh3)2] 78�M���(��*(1�(�����������()*���6���(����&�
�*
�*	�	�A6  1H NMR, 13C NMR, 31P NMR C2� ���26=�	���1�(��(�6���)���z28���6��	  )8�(061*�032
z28���(�6= �����������()*��/�z28���349����� monoclinic &034��� 3̀0� P2(1)/c,  a  = 16.766(2),  
b = 7.1793(13),  c = 21.026(3)  Å,  β = 107.89(2)},  Z = 4 ���(��*(��(C��(9��3��6� 1.25 

 
 

�3��6� 1.25 ���(��*(1�( [Ag2(O2CCH=C(CH3)2(PPh3)2] 
    

  9��P 2006 Li C2��a� (Li et al., 2006) 
�*��(����&������������()*��)�2�	���
�������/ ���9�*2�C����C�� mixed ligand �'� sulfonate ( p-toluenesulfonate = L1,                 
1-naphthalenesulfonate = L2,   3-carboxylate-4-hydroxybenzenesulfonate = L3) C2� 
triphenylphosphine ������;������������()*�� [Ag(L1)(PPh3)2] (1), [Ag(L2)(PPh3)3](2), 
[Ag2(L3)(PPh3)4(H2O)].1.5CH3CN.0.5H2O(3), [Ag4(L3)(PPh3)10].8H2O (4) 78�M���(��*(1�(
�����������()*���6���(����&�
�*�*	�	�A6���26=�	���1�(��(�6���)���z28���6��	  )8�(061*�032
z28���(�6= �����������()*��(1) /�z28���349����� monoclinic &034��� 3̀0�P21/c ,  a  = 
15.619(5),  b = 12.921(5),  c = 19.429(5)  Å,  β = 108.572(5)},  Z = 4  ���(��*(��(C��(9��3�
�6� 1.26 
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 �3��6� 1.26 ���(��*(1�( [Ag(L1)(PPh3)2] 

 

  �����������()*��(2) /�z28���349����� monoclinic &034��� 3̀0�P21/n ,  a  = 
13.020(2),  b = 24.695(4),  c = 16.425(3)  Å,  β = 95.623(4)},  Z = 4  ���(��*(��(C��(9��3��6� 
1.27 

 
 �3��6� 1.27 ���(��*(1�( [Ag(L2)(PPh3)3] 

 

  �����������()*��(3) /�z28���349����� triclinic &034��� 3̀0� 1P  ,  a  = 12.602 
(5),  b = 13.376(5),  c = 26.011(5)  Å, α  = 76.466(5),  β = 76.910(5), γ = 61.914(5)} ,  Z = 2  
���(��*(��(C��(9��3��6� 1.28 
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 �3��6� 1.28 ���(��*(1�( [Ag2(L3)(PPh3)4(H2O)].1.5CH3CN.0.5H2O 
 

  �����������()*��(4) /�z28���349����� triclinic &034��� 3̀0� 1P  ,  a  = 
13.3518(6),  b = 19.6573(8),  c = 20.0069(1)  Å, α  = 60.943(1),  β = 85.559(1), γ = 80.269(1)} 
,  Z = 1  ��(C��(9��3��6� 1.29    
 

 
 

 �3��6� 1.29 ���(��*(1�( [Ag4(L3)(PPh3)10].8H2O 
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1.3 ��
��������   

1. 78�M	�A6����(����&������������()*��1�()�2�	���(I) ���2�C���� 

A�����)�
0��      C2�  
/�OP��2O��OP� ���9�*/�	�F2�2��6��&0��0  �@'��9&*����z28���6��	 

2. 78�M�0��/��(��06C2��5a�0��/��(��`@1�(�����������()*���6� 
��(����&�
�* 

3. 78�M�(��������1�(�����������()*���6���(����&�
�* ���9�*�������(� 
����������PC2�	�����&�&���0a�*��2�1�(A/5�6���;��(�������� 

4. &���(��*(z28�1�(�����������()*���6��/�6�0
�* ���	�A6���26=�	���1�( 
��(�6���)� (X-ray diffraction) ��z28���6��	 C2��F�	a&���(��*(z28�1�(�������� ���9�*
���C��0��0@�	�/���������E�)���2 (Xtal version 3.7) C2������)2�2�)� (Shelxtl NT 
version 6.12) 
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 2 

 

   

 

2.1  

2.2.1 , Gallenkamp, England 0-360 °C 

2.2.2   0.1-0.2   

2.2.3 Capillary melting point apparatus, Thomas Hoover, Unimelt 0-360 °C 

2.2.4 Hot plate stirrer with magnetic bar 

2.2.5 X-ray fluorescence spectrometer model PW 2400, Philips 

2.2.6 Fourier transfrom infrared spectrometer, model 783, Perkin - Elmer 

2.2.7 Fourier transfrom NMR spectrometer 500 MHz, Model UNITY INOVA, Varian 

2.2.8 Bruker SMART APEX CCD diffractometer 

2.2.9 CHNS-O Analyzer, model Flash 112 Series EA, Thermo finningan 

2.2.10 Fiber glass, 0.1-0.4 mm. (in diameter) 

2.2.11  Bin Steriom VT II, Olympus 

2.2.12  

2.2.13  

 

2.2  

2.1.1 , C2H5NS, purum Fluka Chemical, Buchs, Switzerland   

2.1.2 , C18H18P, purum Fluka Chemical, Buchs, Switzerland 

2.1.3  (I) , CuCl, L.R. grade Fluka Chemical, Buchs, Switzerland 

2.1.4  (I) , CuBr, L.R. grade Fluka Chemical, Buchs, Switzerland 

 2.1.5 , C2H5OH, A.R. grade  Lab-Scan Analytical Science 

2.1.6 , CH3CN, A.R. grade  Lab-Scan Analytical Science 

2.1.7 , CH3COCH3, A.R. grade  Lab-Scan Analytical Science 
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2.3  

2.3.1  [Ag(PPh3)2(TAA)Cl] 

  AgCl  :  PPh3  :  TAA     1 : 3 : 3 

 PPh3 0.55  (2.10 )   30  

     AgCl 0.10  (0.69 

)  PPh3   

650 C  1.5    TAA 0.15  (2.05 ) 

   5  

   

1   

 193-195 0C 

2.3.2 [Ag(PPh3)2(TAA)Br] 

  AgBr  :  PPh3  :  TAA    1 : 3 : 3 

 PPh3 0.42  (1.60 )   30 

    AgBr 0.10  

(0.53 )  PPh3  

 700 C  1.5    TAA 0.12  (1.64 

)   

 5    

 1   

 185-187 0C 

2.3.3 {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]} ·0.5CH3OH 

  AgCl  :  PPh3  : TAA    1 : 3 : 2.5 

 PPh3 0.55  (2.10 )   20 

    AgCl 0.10  

(0.69 )  PPh3  

 700 C  1.5    TAA ( TAA 0.13 

 (1.78 )   10   

  5  
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   1  

  

177-179 0C 

 

2.4  

    

  

        2.4.1  

        2.4.2   capillary melting point 

        2.4.3            

 

 

2.5  

 (C), (H), (S) (N) 

 CHN-O Analyzer, Ce Flash 1112 Series EA 

   

 

2.6  FT-IR 

  

  KBr discs  Infrared 

Spectrophotometer, Perkin-Elmer 783    

 

2.7  XRF 

        

 (Ag) , (P) , (S) (Cl  Br) 

 X-ray fluorescence, Phillips PW 2400 spectrometer  

  

 

2.8  1H NMR  13C NMR                                                                                     

 chemical shift  1H NMR  13C NMR 
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dimethylsulfoxide-d6 (DMSO-d6)  deuterium chloroform (CDCl3) 

 

2.9  

       

 

 Xtal version 3.7  SHELXTL version 6.12 

  

1)  

2)  

 

3)  

 

 

4)  (refinement) 

 

 2.1 

2.9.1  (Crystal selection) 

          
      

  2  

2.9.1.1  

                 

  (twinned crystal)    

 

2.9.1.2  
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     (optimum  thickness)    

  0.4  

 

 

 

 

 

                                                                                                                        

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 2.1  (Clegg, 1998) 

1.  

 

  

2. 

3.  

4.  

5.  

6.

7.  

8.  

/

/  

 

1  

/

-  

a, b, c, α, β, γ 

 

h k l I σ(I) 

h k l F σ (F)  
h k l F2 σ (F2) 
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2.9.2  (crystal mounting) 

       

  

      (fiber  glass 

  quartz  fiber)     

  1.5       

 (brass  pin)   10-15     2.2 

                                               
                                                            2.2   

 

         

 2     (needle)  

  (needle axis)    

   (polygon)     

                   

  

  (adhesive)  

  

    

     (goniometer head)  2.3 
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 2.3   

                                              

2.9.3  

  3 

 1.     
 

 2.       
 1 

 
  

3.   (refinement) 
 2 
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2.9.4  (Data collection methods) 

   
 

   2  
   

  

2.9.5  (Single-crystal diffraction techniques) 

        
  

  
  

  

 

  (goniometer)  

   

 (aligned)  (vertical)  (horizontal)   

X, Y  Z  

(  2.4 )  Kα   0.71073 Å  
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 2.4    SMART APEX 

 

 

 

   rotation 

 (detector)   

0.7107 Å (Mo - Kα) 

   0 - 28o 

  (reciprocal lattice plane) 

 3   ω, φ  χ 

(  2.5)  3    (frame)  

 (unit cell) 

       (a, b, c), 

 (α, β, γ),      
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 2.5        

 

2.9.6  SHELXTL NT version 6.12 

 

 SHELXTL NT version 6.12 (Sheldrick, 2008) 

 2.6 
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 2.6  SHELXTL NT version 

6.12 (Sheldrick, 2008) 
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����� 3 
 

��	
����� 
 

3.1 ��	
�������
����
����	�������� 

 ������	
������
��������������������������� ���������������		������ �	���!�
"�!#�����$%���	&'
(
���&�$
��(I) �,�&�� (AgX ; X = Cl, Br) 	��&�7	����8"

������9�� 
(TAA) 7&��#�;<��&;
�;<� (PPh3) ?�!�#��?�$������9���9���7�����#���� 3.1  
 
#���� 3.1 �?�$������9���9��	������������������	
������
� 
 

�
�������� ���� !�

"#� 

��!�$
���
% 

(mL) 

*+�,-#� 

(˚c) 

�
����	����/�� 

AgCl :PPh3 
:TAA 

1 : 3 : 3 Acetone (30) 65 [Ag(PPh3)2(TAA)Cl] 

AgBr 
:PPh3:TAA 

1 : 3 : 3 Acetonitrile(30) 70 [Ag(PPh3)2(TAA)Br] 

AgCl :PPh3 
:TAA 

1 : 3 : 2.5 Acetonitrile(20) 
Methanol(10) 

70 {[Ag(PPh3)2(TAA)Cl] 
[Ag(PPh3)3Cl]}·0.5CH3OH 

 
3.2.��	
�12	3
�#�����
�	
%,
45��
����	�������� 

 ��		��VW	X��YZ�9��#����	�!?�[7&��$�9��9��\��	��&�&�!(
�
������	
������
�������������������#�$���&�&�!���#%��] 7������#������� 3.2 7&� 3.3 
#�9&����� 
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#���� 3.2 �9��#����	�!?�[(
�&�7	���7&�������	
������
�  
  

�
����	� 
�#�����
�	
%,
4 

��	3+���2	 �� 6*���#���! 

[Ag(PPh3)2(TAA)Cl] �̂���&��!9 �9%9��� 193-195 0C 
[Ag(PPh3)2(TAA)Br] �̂���&��!9 �9%9��� 185-187 0C 
{[Ag(PPh3)2(TAA)Cl] 
[Ag(PPh3)3Cl]}·0.5CH3OH 

�̂���&��!9 �9%9��� 177-179 0C 

 
 #���� 3.3  b&	��&�&�!(
�������	
������
���#�$���&�&�!#%�� ] ���
YZ�?̂9���
�       
              

                 ������	
� 
#�$���&�&�! 

[Ag(PPh3)2(TAA)Cl] [Ag(PPh3)2(TAA)Br] {[Ag(PPh3)2(TAA)Cl] 
[Ag(PPh3)3Cl]}·0.5CH3OH 

H2O �9%&�&�! �9%&�&�! �9%&�&�! 
CH3OH �9%&�&�! �9%&�&�! �9%&�&�! 
C2H5OH �9%&�&�! �9%&�&�! �9%&�&�! 
CH3CN �9%&�&�! �9%&�&�! �9%&�&�! 
CH3COCH3 �9%&�&�! �9%&�&�! �9%&�&�! 
CH3COOC2H5 �9%&�&�! �9%&�&�! �9%&�&�! 
CHCl3 &�&�! &�&�! &�&�! 
CH2Cl2 �9%&�&�! �9%&�&�! �9%&�&�! 
n-C6H12 �9%&�&�! �9%&�&�! �9%&�&�! 
DMSO &�&�! &�&�! &�&�! 

 
3.3 ��	
�!����
����
���#
+7
�*�����8�������	�9��
����	�������� 
 ��		�������9�Z8�#Y�����
� ","����� ��"#���� 7&���&�;
����
������	
������
����������������� [�$%�b&��������		����&
�9��%��	&����!�	��b&��������	
	������$Z��	�^#�"9�&	Y& ���7�����#������� 3.4 
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#���� 3.4 b&	��$�������������9�Z8�#Y�����g�
������	
���������	
������
� 
 

������	
������
� 
(�^#�"9�&	Y&) 

���9�Z8�#Y�����g�
������	
� (%) 
C H N S 

[Ag(PPh3)2(TAA)Cl] ����$Z 61.38 4.74 1.88 4.38 
��&
� 61.40 4.75 1.90 4.41 

[Ag(PPh3)2(TAA)Br] ����$Z 57.92 4.48 1.78 4.14 
��&
� 57.90 4.46 1.77 4.13 

{[Ag(PPh3)2(TAA)Cl] 
[Ag(PPh3)3Cl]}·0.5CH3OH 

����$Z 65.59 4.85 0.82 1.91 
��&
� 65.57 4.62 0.81 1.89 

 

 

3.4 ��	
�12	3
	
������%�;���5�;<�	
��-�	�=� FT-IR 

      FT-IR ���	#��9(
�&�7	����8"

������9�� �#�;<��&;
�;<�7&�
������	
������
� 7�������̂���� 3.1-3.5 
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3.5 ��	
�!����
����
����5�7
�*9��
����	��������"�%9�������� XRF 
 XRF ���	#��9(
�8�#Y#%��] ��������	
������
� 7�������̂���� 3.6 k 3.12 
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3.6 ��	
�12	3
 1H NMR ;�� 13C NMR 
 1H NMR ���	#��9(
�&�7	����8"

������9�� �#�;<��&;
�;<�7&�������	
�
�����
� 7�������̂���� 3.13-3.17 
 
                                                                 
 
 
 
                                        

                 
 
 
 
 

�̂���� 3.13 1H NMR ���	#��9(
�&�7	����8"

������9���� DMSO-d
6
 

   1 

    3 
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�̂���� 3.14 1H NMR ���	#��9(
�&�7	����#�;<��&;
�;<��� DMSO-d
6
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�̂���� 3.15 1H NMR ���	#��9(
�������	
������
�  [Ag(PPh3)2(TAA)Cl] �� CDCl3 

3 

H2O 

 

1 

Aromatic proton 
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 �̂���� 3.16 1H NMR ���	#��9(
�������	
������
�  [Ag(PPh3)2(TAA)Br]�� CDCl3  
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�̂���� 3.17 1H NMR ���	#��9(
�������	
������
� 
{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH �� CDCl3 

Aromatic proton 
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 13C NMR ���	#��9(
�&�7	����8"

������9�� �#�;<��&;
�;<�7&�������	
�
�����
� 7�������̂���� 3.18-3.22 
 
 
           

                     
 
 
 
 

�̂���� 3.18 13C NMR ���	#��9(
�&�7	����8"

������9���� DMSO-d
6
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�̂���� 3.19 13C NMR ���	#��9(
�&�7	����#�;<��&;
�;<��� DMSO-d
6
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�̂���� 3.20 13C NMR ���	#��9(
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������
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 �̂���� 3.21 13C NMR ���	#��9(
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�̂���� 3.22  13C NMR ���	#��9(
�������	
������
� 
{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH   �� CDCl3 
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3.7 ��	
�12	3
"������
��
����	��������"�%!�7�	
�����%!���5�������	������2	����%!

   ��		��VW	X�"��������(
�������	
������
�����������������"�!$�8�	���&��!$���
(
�������
o	����b&W	����!$"�!��"��7	�9 SHEL.XTL.NT version 6.12 �W����(�
9^&b&W	 �%�
(
��$�9!�$[��8� 9Y9[��8� 7&�"��������(
�"9�&	Y& ���#%
����� 
#���� 3.5 (�
9^&b&W	(
�������	
������
� [Ag(PPh3)2(TAA)Cl] 
 

Empirical formula     C38 H35 Ag Cl N P2 S 
Formula weight  742.99 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P
−

1  

Unit cell dimensions a = 11.9140(5) Å α= 84.854(1)o 

 b = 13.2068(6) Å β= 67.333(1)o 

 c = 13.5971(6) Å γ = 65.517(1)o 

Volume 1790.43(14) Å 3 

Z 2 

Density (calculated) 1.378 Mg/m3 

Absorption coefficient 0.812 mm-1 

F(000) 760 

Crystal size 0.287 x 0.121 x 0.094 mm3 

Theta range for data collection 1.63 to 25.00o 

Index ranges -12<=h<=14, -15<=k<=15, 0<=l<=16 

Reflections collected 6318 

Independent reflections 6318 [R(int) = 0.0000] 

Completeness to theta = 25.00t 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.930 and 0.738 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 6318 / 2 / 404 

Goodness-of-fit on F2 1.016 

Final R indices [I>2σ(I)] R1 = 0.0328, wR2 = 0.0784 
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R indices (all data) R1 = 0.0382, wR2 = 0.0811 

Largest diff. peak and hole 0.344 and -0.229 e. Å-3 

 
#���� 3.6 �$�9!�$[��8���"9�&	Y& [Ag(PPh3)2(TAA)Cl] 

     [��8�           �$�9!�$[��8� [Å] 
 
Ag(1)-P(1)    2.4544(7) 

Ag(1)-P(2)  2.4875(7) 

Ag(1)-S(1)  2.6099(8) 

Ag(1)-Cl(1)  2.6411(7) 

S(1)-C(1)  1.672(3) 

P(1)-C(11)  1.824(3) 

P(1)-C(31)  1.825(3) 

P(1)-C(21)  1.828(3) 

P(2)-C(51)  1.823(3) 

P(2)-C(41)  1.823(3) 

P(2)-C(61)  1.829(2) 

N(1)-C(1)  1.291(4) 

#���� 3.7 9Y9[��8�(
�"9�&	Y&[Ag(PPh3)2(TAA)Cl]  

     [��8�           9Y9[��8� [o] 
P(1)-Ag(1)-P(2) 126.25(2) 

P(1)-Ag(1)-S(1) 106.84(3) 

P(2)-Ag(1)-S(1) 101.55(3) 

P(1)-Ag(1)-Cl(1) 111.24(2) 

P(2)-Ag(1)-Cl(1) 101.47(3) 

S(1)-Ag(1)-Cl(1) 108.20(2) 
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#���� 3.8 [��8��,"�����(
�������	
������
�[Ag(PPh3)2(TAA)Cl]  

 

        D-H...A d(D-H) [Å]      d(H...A) [Å]              d(D...A) [Å]   <(DHA) 

[o] 

 

 N(1)-H(2)...Cl(1)#1 0.883(18)   2.46(2)            3.311(3)                      162(3) 

 N(1)-H(1)...Cl(1) 0.889(18)   2.45(2)            3.326(3)                      167(3) 

 

 
Symmetry transformations used to generate equivalent atoms: #1 -x+2,-y+1,-z       

�9�!��#Y        D  =  Donor atom     (
�#
9���
��&o	#�
�) 
                       A  =  Acceptor atom (
�#
9���
��&o	#�
�) 

 

�̂���� 3.23 "��������"9�&	Y&(
�������	
������
�[Ag(PPh3)2(TAA)Cl] 
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�̂���� 3.24 
��#�	���!�7��[��8��,"�����(
�������	
������
� [Ag(PPh3)2(TAA)Cl] 

 
 
                       
 
 
 
 
 
 
 
 
 
 

�̂���� 3.25 "��������(
�������	
������
� [Ag(PPh3)2(TAA)Cl]� ���%$!��&&� 
                           [&o
##�97	� a 
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�̂���� 3.26 "��������(
�������	
������
� [Ag(PPh3)2(TAA)Cl) ����%$!��&&� 
[&o
##�97	� b 
                  

�̂���� 3.27 "��������(
�������	
������
� [Ag(PPh3)2(TAA)Cl) ����%$!��&&� 
                 [&o
##�97	� c 
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#���� 3.9 (�
9^&b&W	(
�������	
������
� [Ag(PPh3)2(TAA)Br] 
 

Empirical formula  C38 H35 Ag Br N P2 S 

Formula weight  787.45 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P
−

1  

Unit cell dimensions a = 11.9203(6) Å                 α= 83.9690(10)o 

 b = 13.4552(6) Å                 β= 67.9220(10)o 

 c = 13.5651(6) Å                  γ = 63.9750(10)o 

Volume 1807.05(15) Å3 

Z 2 

Density (calculated) 1.447 Mg/m3 

Absorption coefficient 1.836 mm-1 

F(000) 796 

Crystal size 0.208 x 0.167 x 0.12 mm3 

Theta range for data collection 1.62 to 28.03o 

Index ranges -15<=h<=15, -17<=k<=17, -17<=l<=17 

Reflections collected 21773 

Independent reflections 8719 [R(int) = 0.0236] 

Completeness to theta = 28.03o 99.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.800 and 0.706 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 8719 / 2 / 404 

Goodness-of-fit on F2 1.030 

Final R indices [I>2σ (I)] R1 = 0.0314, wR2 = 0.0736 

R indices (all data) R1 = 0.0447, wR2 = 0.0792 

Largest diff. peak and hole 0.707 and -0.512 e. Å-3 
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#���� 3.10 �$�9!�$[��8���"9�&	Y&[Ag(PPh3)2(TAA)Br] 
 

  [��8�           �$�9!�$[��8� [Å] 
 

Ag(1)-P(1)              2.4585(6) 

Ag(1)-P(2)  2.4887(6) 

Ag(1)-S(1)  2.6072(7) 

Ag(1)-Br(1)  2.7455(3) 

S(1)-C(1)  1.664(3) 

P(1)-C(31)  1.823(2) 

P(1)-C(21)  1.824(2) 

P(1)-C(11)  1.826(2) 

P(2)-C(51)  1.817(2) 

P(2)-C(41)  1.822(2) 

P(2)-C(61)  1.826(2) 

N(1)-C(1)  1.297(3) 

 

 
 

#���� 3.11 9Y9[��8�(
�"9�&	Y&[Ag(PPh3)2(TAA)Br]  
 

     [��8�           9Y9[��8� [o] 
 

P(1)-Ag(1)-P(2) 126.66(2) 

P(1)-Ag(1)-S(1) 107.92(2) 

P(2)-Ag(1)-S(1) 100.90(2) 

P(1)-Ag(1)-Br(1) 109.906(16) 

P(2)-Ag(1)-Br(1) 99.939(16) 

S(1)-Ag(1)-Br(1) 110.755(17) 
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#���� 3.12 [��8��,"�����(
�������	
������
�[Ag(PPh3)2(TAA)Br] 
 

        D-H...A d(D-H) [Å]      d(H...A) [Å]              d(D...A) [Å]   <(DHA) 

[o] 

 N(1)-H(2)...Br(1)#1           0.885(17)           2.68(2)    3.461(2)              147(3) 

 N(1)-H(1)...Br(1) 0.881(18) 2.615(19)    3.477(2)              166(3) 

 

 
Symmetry transformations used to generate equivalent atoms: #1 -x+2,-y+1,-z       

�9�!��#Y        D  =  Donor atom      (
�#
9���
��&o	#�
�) 
                       A  =  Acceptor atom  (
�#
9���
��&o	#�
�) 
 

�̂���� 3.28 "��������"9�&	Y&(
�������	
������
�[Ag(PPh3)2(TAA)Br] 
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�̂���� 3.29 
��#�	���!�7��[��8��,"�����(
�������	
������
�[Ag(PPh3)2(TAA)Br] 

 

 
 
 

�̂���� 3.30 "��������(
�������	
������
� [Ag(PPh3)2(TAA)Br) ����%$!    
                 ��&&�[&o
##�97	� a 
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�̂���� 3.31 "��������(
�������	
������
� [Ag(PPh3)2(TAA)Br] ����%$!    
                 ��&&�[&o
##�97	� b 

�̂���� 3.32 "��������(
�������	
������
� [Ag(PPh3)2(TAA)Br) ����%$!    
                 ��&&�[&o
##�97	� c 
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#���� 3.13 (�
9^&b&W	(
�������	
������
� 
{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH 

 

Empirical formula  C93 H82 Ag2 Cl2 N O P5 S 

Formula weight  1703.15 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  Cc 

Unit cell dimensions a = 18.5869(7) Å            α =  90o 

 b = 19.5999(7) Å            β = 101.128(1)o 

 c = 23.4557(8) Å            γ = 90o 

Volume 8384.3(5)Å3 

Z 4 

Density (calculated) 1.349 Mg/m3 

Absorption coefficient 0.698 mm-1 

F(000) 3496 

Crystal size 0.253 x 0.184 x 0.114 mm3 

Theta range for data collection 1.53 to 25.00o 

Index ranges -22<=h<=22, -23<=k<=23, -27<=l<=27 

Reflections collected 39292 

Independent reflections 14597 [R(int) = 0.0291] 

Completeness to theta = 25.00o 100.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 1.000 and 0.877 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 14597 / 4 / 957 

Goodness-of-fit on F2 1.006 

Final R indices [I>2σ (I)] R1 = 0.0311, wR2 = 0.0711 

R indices (all data) R1 = 0.0348, wR2 = 0.0731 

Largest diff. peak and hole 0.404 and -0.195 e. Å-3 
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#���� 3.14 �$�9!�$[��8�(
� {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}⋅0.5CH3OH    
                 

  [��8�           �$�9!�$[��8� [Å] 
 

Ag(1)-P(2)  2.4452(9) 

Ag(1)-P(1)  2.4851(9) 

Ag(1)-S(1)  2.5987(12) 

Ag(1)-Cl(1)  2.6312(11) 

S(1)-C(1)  1.693(4) 

P(1)-C(15)  1.815(3) 

P(1)-C(9)  1.823(4) 

P(1)-C(3)  1.826(4) 

P(2)-C(33)  1.814(4) 

P(2)-C(21)  1.822(4) 

P(2)-C(27)  1.834(4) 

N(1)-C(1)  1.275(5) 

Ag(2)-P(4)  2.5364(9) 

Ag(2)-P(3)  2.5506(8) 

Ag(2)-P(5)  2.5738(8) 

Ag(2)-Cl(2)  2.6163(9) 

P(3)-C(45)  1.825(3) 

P(3)-C(51)  1.827(3) 

P(3)-C(39)  1.830(3) 

P(4)-C(63)  1.825(4) 

P(4)-C(69)  1.826(4) 

P(4)-C(57)  1.829(4) 

P(5)-C(75)  1.820(4) 

P(5)-C(87)  1.833(3) 

P(5)-C(81)  1.843(4) 
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#���� 3.15 9Y9[��8�(
�������	
������
�              

                   {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}⋅0.5CH3OH  
 

     [��8�           9Y9[��8� [o] 
  

P(2)-Ag(1)-P(1)         125.43(3) 

P(2)-Ag(1)-S(1)         115.76(4) 

P(1)-Ag(1)-S(1)           98.77(4) 

P(2)-Ag(1)-Cl(1)         103.49(3) 

P(1)-Ag(1)-Cl(1)         105.28(4) 

                    S(1)-Ag(1)-Cl(1)         106.68(4) 

             P(4)-Ag(2)-P(3)    114.37(3) 

P(4)-Ag(2)-P(5) 115.42(3) 

P(3)-Ag(2)-P(5) 112.27(3)  

P(4)-Ag(2)-Cl(2) 103.66(3) 

P(3)-Ag(2)-Cl(2) 104.16(3) 

P(5)-Ag(2)-Cl(2) 105.42(3) 

 
 

 
#���� 3.16 [��8��,"�����(
�������	
������
�           

                   {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}⋅0.5CH3OH 
 

        D-H...A d(D-H) [Å]      d(H...A) [Å]              d(D...A) [Å]   <(DHA) 

[o] 

 N(1)-H(1B)...Cl(1) 0.86  2.37         3.218(4)                168.5 

 N(1)-H(1A)...Cl(2)#1 0.86  2.39         3.241(3)                173.7 

 

 
Symmetry transformations used to generate equivalent atoms: #1 -x+2,-y+1,-z       

�9�!��#Y        D  =  Donor atom        (
�#
9���
��&o	#�
�) 
                       A   =  Acceptor atom   (
�#
9���
��&o	#�
�) 



 

69 

 
 
      

           
 

 
�̂���� 3.33 "��������"9�&	Y&(
�������	
������
� 
{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH 
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�̂���� 3.35 "��������(
�������	
������
� 
{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH  ����%$!��&&�[&o
##�97	� a 

�̂���� 3.34  
��#�	���!�7��[��8��,"�����(
�������	
������
� 
{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH 
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�̂���� 3.36 7���"��������(
�������	
������
�  
{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH ����%$!��&&�[&o
##�97	� b 

�̂���� 3.37 7���"��������(
�������	
������
�  
{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH ����%$!��&&�[&o
##�97	� c 
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 4 

 

 

 

4.1  

  (I)  3 

(I)  (AgX ; X = Cl, Br) 

 (TAA)  (PPh3)  

[Ag(PPh3)2(TTA)Cl], [Ag(PPh3)2(TTA)Br]  

{[Ag(PPh3)2(TAA)Cl] [Ag(PPh3)3Cl]}·0.5CH3OH 

   193-195 0C, 185-187 0C  177-179 
0C  

  

4.2  

    

 

  3.4 

 

4.3  FT-IR 

 

 

    I     ν (C-

N)+ δ(N-H)    II   ν(C=N)+ ν (C-N)+ ν(C=S)                 

III   ν(C=S) + ν(C-N)    IV  ν(C=S)  

 4.1 
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 4.1   

 

References  (cm-1)  

Karagiannidis et al., 1989            2900      

           1510   (  I) 

           1320   (  II) 

           1000   (  III) 

           750     (  IV) 

ν (N-H) 

δ(NH2)  

ν(C=N)+ ν (C-N)+ ν(C=S) 

ν(C=S) + ν(C-N) 

ν(C=S)                                      

Lecomte et al., 1989           3180-3130  (  I) 

          1505-1515  (  II) 

          1330-1250  (  III) 

          1030-990   (  IV) 

           900        (  V) 

ν (N-H) 

δ(NH2)  

ν(C=N)+ ν (C-N)+ ν(C=S) 

ν(C=S) + ν(C-N) 

ν(C=S)                                     

Hadjikakou et al ., 1991            3060 

           1525   (  I) 

1300   (  II) 

1020   (  II) 

655    (  II) 

ν (N-H)

ν (C-N)+ δ(N-H) 

νS(C-N) + δ (N-H)ν(C=S)   

ν(C=S) + ν(C-N) 

ν(C=S)                                     

Singh et al., 1995           1500   (  I) 

          1300   (  II) 

          1000   (  III) 

           800    (  IV) 

ν (C-N)+ δ(N-H) 

νS(C=N) + ν(C=S) + ν(C-

H) 

νS (C-N + (C-S) 

νS (C-S) 

Saithong et al., 2008           3334-3184   

          1630   

          1537-1493  (  I)  

          1276-1292  (  II)  

          1027   (  III)        

          779     (  IV) 

ν (N-H) 

δ(NH2)  

δ(N-H) ν (C-N)   

ν (C=N) + ν(C=S) 

ν(C-S) + ν(C-N) 

ν(C=S)                                     
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 ν (N-H)        3334-2900  cm-1 

 δ(NH2)        1630- 1505 cm-1 

 ν (C-N)+ δ(N-H)            I   1537-1500  cm-1 

 ν(C=N)+ ν (C-N)+ ν(C=S)                  II    1330-1250 cm-1

 ν(C=S) + ν(C-N)                                   III   1292- 990  cm-1 

 ν(C=S)                                                    IV     900- 750  cm-1 

  I  II   ν(C-N) 

  III  IV  ν(C=S)  III  ν(C-N) 

 

 

  

400-4000 cm-1 

 4.2   2  thione  thiol       

 thione 

 ν(S-H)  2600-2500 cm-1 

ν (N-H)  δ(NH2)  3300-3158 

cm-1  1649-1632 cm-1  

 

 4.2  TAA  

 

 
/  (cm-1) 

ν (N-H) δ(NH2) Band I Band II Band III Band IV 

 TAA 3300 1649 1396 1304 1028 708 

[Ag(PPh3)2(TTA)Cl] 3268 1643 1434 1366 996 - 

[Ag(PPh3)2(TTA)Br] 3290 1632 1433 1366 997 - 

{[Ag(PPh3)2(TAA)Cl] 

[Ag(PPh3)3Cl]}·0.5CH3OH
3158 1619 1434 1368 996 - 
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 ν (N-H)  δ(NH2) 

 

 N-H---X (X = Cl  Br) 

   N-H  Cl Br  

EN    

 

  ν(C-N)  I  II 

  

ν(C=S)  III 

 

  C=S 

  C-N 

  IV  IV 

 

 Karagiannidis (Karagiannidis et al., 1990) 

 [Cu(PPh3)2(meimtH)Br] 

 

  4.3 

 

 4.3  PPh3  

 

 

/  (cm-1) 

ν (=C-H) ν (C=C) δ(=C-H) 

 

δ(=C-H) 

 

  PPh3 3064 1580, 1474 1088 741, 692  

[Ag(PPh3)2(TTA)Cl] 3052 1584, 1478 1094 742, 693 

[Ag(PPh3)2(TTA)Br] 3051 1584,1478 1094 742, 693 

{[Ag(PPh3)2(TAA)Cl] 

[Ag(PPh3)3Cl]}·0.5CH3OH 
3049 1584, 1478 1093 742, 693 
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4.4  XRF 

 

    

(sample e�citation)   

   

 

    

 ( , 2535) 

 (Ag) (S) (P) (Cl) (Br)  

  XRF  3.1-3.8 

  3  (P) (S)  

 (Cl)  (Br)   (Ag)  4.4   Kα 

 

 

 

 4.4  

 

[Ag(PPh3)2(TTA)Cl] [Ag(PPh3)2(TTA)Br] 
{[Ag(PPh3)2(TAA)Cl] 

[Ag(PPh3)3Cl]}·0.5CH3OH 

  

(keV) 

  (keV)   

(keV) 

P 

S 

Cl 

Ag 

2.01 

2.31 

2.62 

22.20 

P 

S 

Br 

Ag 

2.01 

2.31 

11.92 

22.20 

P 

S 

Cl 

Ag 

2.01 

2.31 

2.62 

22.20 
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4.5  1H NMR 13C NMR 

4.5.1  1H NMR   

 1H NMR  3  

 2  

  

 (-NH2)  (-CH3) 

 1H NMR 

 chemical shift 

  1H NMR 

  chemical shift  -NH2 

 (down field)  4.5 

(Satyanarayana et al., 2004) 

 (NH2)  S-H 

 

 thione (Skoulika et al., 1991) 

4.5.2 13C NMR  

         13C NMR   

 2  

          

 C=S  CH3 

13C NMR  

  

  chemical shift  C=S 

                   chemical shift   

( upfield)   C=S      

 bond order  

 N→C  (C=S)  C-N 

                 chemical shift   4.5 
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 4.5  chemical shift  (NH2)   C=S 

 

 δ NH2 (ppm) δ C=S (ppm) 

TAA           9.25 247 

[Ag(PPh3)2(TTA)Cl]           8.50, 10.40 239 

[Ag(PPh3)2(TTA)Br]           7.98, 9.70 240 

{[Ag(PPh3)2(TAA)Cl] 

[Ag(PPh3)3Cl]}·CH3OH 
          8.45, 10.50 239 

 

4.6 

  

4.6.1   [Ag(PPh3)2(TAA)Cl]   [Ag(PPh3)2(TAA)Br]  

       [Ag(PPh3)2(TAA)Cl]  

  1P  2  

  a = 11.9140(5),  b = 13.2068(6), c = 13.5971(6) Å, α = 84.854(1), β = 

67.333(1), γ  = 65.517(1)o  [Ag(PPh3)2(TAA)Br]   

  1P  2   a = 

11.9203(6), b = 13.4552(6), c = 13.5651(6) Å, α = 83.9690(10), β = 67.9220(10), γ  = 

63.9750(10)o   isomorphous  

 (isomorphous) 

 (CuBr)  [Cu(PPh3)2(TAA)Br] 

 

        

 2  

 1   1  

  

 

 

                Ag-S, Ag-P(1), Ag-P(2)  Ag-X (X = Cl, Br) 

 [Ag(PPh3)2(TAA)Cl]   [Ag(PPh3)2(TAA)Br]   
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 4.6 

 [AgCl( 1η -S-Hpytsc (Ph3P)2] CH3CN (Ag-S = 2.6284(7), Ag-P(1) = 

2.4879(7), Ag-P(2)  = 2.4409(7), Ag-Cl = 2.6448Å)  [AgBr( 1η -S-Hpytsc 

(Ph3P)2] CH3CN (Ag-S = 2.6405(19), Ag-P(1) = 2.4605(19), Ag-P(2) = 2.4926(19), Ag-Br = 

2.7332(Å) (Lobana et al., 2008)              

    

[Ag(PPh3)2(TAA)Cl]   [Ag(PPh3)2(TAA)Br]   100.04(9)-120.03(2) o  

102.4(2)-122.13(7) o   4.6 

 (109.4 o)  

 [AgCl( 1η -S-Hpytsc (Ph3P)2] CH3CN (P(2)-Ag-P(1)             

= 120.03(2), P(1)-Ag-S = 102.97(2), P(2)-Ag-Cl = 109.26(2), S-Ag-Cl = 102.72(2) o)  

[AgBr( 1η -S-Hpytsc (Ph3P)2] CH3CN (P(2)-Ag-P(1) = 122.13(7), P(1)-Ag-S = 112.88(6), P(2)-

Ag-Br = 105.50(6), S-Ag-Br = 104.30(5) o) (Lobana et al., 2008)  

    

4.6.2  {Ag(PPh3)2(TAA)Cl] [Ag(PPh3)3Cl]}·0.5CH3OH 

    

 {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·0.5CH3OH 

  Cc  4                        
a = 18.5869(7),  b = 19.5999(7), c = 23.4557(6) Å, α = 90, β = 101.128(1), γ  = 90o, Z = 4 

 [Ag(PPh3)2(TAA)Cl] (  A), 

[Ag(PPh3)3Cl] ( B)  CH3OH  

  Ag-S, Ag-P(1), Ag-P(2)  Ag-Cl 

 {Ag(PPh3)2(TAA)Cl](A [Ag(PPh3)3Cl](B} ·CH3OH 

4.6  

 [AgCl( 1η -S-Hpytsc (Ph3P)2] CH3CN (Ag-S = 2.6284(7), Ag-P(1) = 2.4879(7), Ag-P(2)                

= 2.4409(7), Ag-Cl = 2.6448Å) (Lobana et al., 2008)  

    A             

102.4(2)-122.13(7) o  4.6 

 (109.4 o)  

 [AgCl( 1η -S-Hpytsc (Ph3P)2] CH3CN (P(2)-Ag-P(1)                
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Ag1P1

P2

S1

X

= 120.03(2), P(1)-Ag-S = 102.97(2), P(2)-Ag-Cl = 109.26(2), S-Ag-Cl = 102.72(2) o) (Lobana 

et al., 2008) 

 4.6  

 

 

 

 

 

 
[Ag(PPh3)2(TTA)Cl](1) [Ag(PPh3)2(TTA)Br](2) 

{[Ag(PPh3)2(TAA)Cl] 

[Ag(PPh3)3Cl]}·0.5CH3OH(3) 

Ag1-S1 

Ag2-P3 

2.6099(8) 2.6072(7) 2.5987(12)A

2.5506(8)B 

Ag1-P1 

Ag2-P4 

2.4544(7) 2.4585(6) 2.4851(9)A

2.5364(9)B 

Ag1-P2 

Ag2-P5 

2.4875(7) 2.4887(6) 2.4452(9)A

2.5738(8)B 

Ag1-X 

Ag2-X 

2.6411(7) 2.7455(3) 2.6312(11)A

2.6163(9)B 

P1-Ag1-P2 

P3-Ag2-P4 

126.25(2) 126.66(2) 125.43(3)A 

114.37(3)B 

P1-Ag1-S1 

P4-Ag2-P5 

106.84(3) 107.92(2) 98.77(4)A 

115.42(3)B 

P2-Ag1-S1 

 

101.55(3) 100.90(2) 115.76(4)A 

P1-Ag1-X 

P5-Ag2-Cl2 

111.24(2) 109.906(16) 105.28(4)A 

105.42(3)B 

P2-Ag1-X 

P3-Ag-Cl2 

101.47(3) 99.939(16) 103.49(3)A 

104.16(3)B 

S1-Ag1-X 108.20(2) 110.755(17) 106.68(4)A 
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 A  A  

 B  B 

  3  N-H---

X (X=Cl, Br)  3 

 (3) > (1) > (2)  H---A 

 4.7  H---A  

   

 4.7  

 

D-H---A  (Å) (o)

D-H H---A D---A D-H---A

[Ag(PPh3)2(TAA)Cl] 

 

N(1)-H(2)---Cl(1) #1

N(1)-H(1)---Cl(1) 

0.883(18) 

0.889(18) 

2.46(2) 

2.45(2) 

3.311(3) 

3.326(3) 

162(3) 

167(3) 

[Ag(PPh3)2(TAA)Br]

 

N(1)-H(2)---Br(1)#1

N(1)-H(1)---Br(1) 

0.885(17)

0.881(18) 

2.68(2)

2.615(19) 

3.461(2)

3.477(2) 

147(3)

166(3) 

{[Ag(PPh3)2(TAA)Cl] 

[Ag(PPh3)3Cl]}·0.5CH3OH 

N(1)-H(1B)...Cl(1)

N(1)H(1A)...Cl(2)#1 

0.86

0.86 

2.37

2.39 

3.218(4)

3.241(3) 

168.5

173.7 

Symmetry transformations used to generate equivalent atoms: #1 -x+2,-y+1,-z       

        D  =  Donor atom         ( ) 

                       A  =  Acceptor atom   ( ) 
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 �����	
������
����������������������
������ ���������!�"��#$��%��#�&�����(I) 
�*+&,�(AgX, X = Cl, Br) �
!&�6��,�+��78��&7��79� (PPh3) 6&�&�6��,�+=>����#��+�,� 
(TAA)  +,$��������!�"��#$�� 3 ��� +,$6�@ [Ag(PPh3)2(TAA)Cl], [Ag(PPh3)2(TAA)Br] 6&� 

{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}⋅CH3OH ��$���
�������GH�I�>�����$���������>,�J"$
����������&����!�%���
������#�!�K&H��,���� �!�@� ��������!�"��#$��[Ag(PPh3)2(TAA)Cl] 
6&� [Ag(PPh3)2(TAA)Br]  ��>�����$��� �����
� (isomorphous) ��� ��K&H���R@J���!!+��
�&���� �� �R@���SR��6!! 1P   ���#&&������������ ,
��� a = 11.9140(5),  b = 13.2068(6), c = 
13.5971(6) Å, α = 84.854(1), β = 67.333(1), γ  = 65.517(1)o, Z = 2  6&� a = 11.9203(6), b = 
13.4552(6),    c = 13.5651(6) Å,   α = 83.9690(10),   β = 67.9220(10),   γ = 63.9750(10)o,   Z = 
2 >,����R������%��^����!�����#�&�����6!!������ �$�!�,�!���#H�����,	�������$���
�=��
! 
7��7��
��������� 	��&�6��,� PPh3 ���>��&��& #
&�7��� �H������� 	��&�6��,� TAA 
 �H��>��&��&6&������%���*+&,���� �H������� 6&���������!�"��#$��

{[Ag(PPh3)2(TAA)Cl] [Ag(PPh3)3Cl]}⋅0.5CH3OH ��K&H���R@J���!! ��!!>�>��&���� �� �R@
���SR��6!! Cc  ���#&&������������ ,
��� a = 18.5869(7),  b = 19.5999(7), c = 23.4557(6) Å, α = 
90, β = 101.128(1), γ  = 90o, Z = 4 >,���������!�"��#$�� {[Ag(PPh3)2(TAA)Cl] 

[Ag(PPh3)3Cl]}⋅0.5CH3OH >��&��& A ���R������%��^��6!!������ �$�!�,�!��� ���,	�����
��$���
�=��
!7��7��
��������� &�6��,� PPh3 ���>��&��& #
&�7��� �H������� &�6��,� 
TAA  �H��>��&��& 6&������%���*+&,���� �H������� �@��>��&��& B ���R������%��^��6!!
������ �$�!�,�!������,	�������$���
�=��
!7��7��
���������	��&�6��,� PPh3 ���
>��&��& 6&������%���*+&,���� �H������� 

6&�+,$GH�I��!
��������S��%����������!�"��#$������
������ �+,$ 6&�GH�I�
���������!%����������!�"��#$�����������+,$ >,�J"$������������#����7R������#�#�
����>���>��9 ������7&R������������7�������7����,����>���>��96&�������7R������������
7���������&����6�������>#6��#�����>���>��96&�������� � ������^�$��&�%��=��������_�
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���������!%����������!�"��#$���
� 3 "��,�������_��������
�>�����$�����+,$	�����������
�&����!�%���
������#�!�K&H��,���� #H���!�@�%$��R&���+,$��,�&$���
� 
  
%$�����6����� �
!KR$��J	���	������	
��@�+� 

1. ���J"$6��+�������� ` 6���*+&,� �"@� +����, (NO3
-), +=>�+#����� (SCN-), 

#
&�7� (SO4
2-)  

2. �����������!�"��#$��+��,��!��!
������` �"@� ��!
�����+77d� 6�@� &e� ���
�
!�
��"���� 6!������� ���f@�6�&�6&��
"��" 



 

  84 

���������� 
 

 

����  �	�
���. 2546. �����
����������������. ����������	 � 
��!"�#������$
�!����$"	 
�%�������&�'��	"(��". 

 
���)��*� �(#�����. 2535. �����,�(��(�	���-������
.�")$�((����,/�(�0�. &���������	 

�1���!"�$�"�(2$������!��. 
 
Aslanidis, P., Karagiannidis, P., Akrivos, P. D., Krebs, B. and Lage, M. 1997. Silver(I) complexes 

with heterocyclic thiones and tertiary phosphines as ligands. Part 2. Mononuclear 
complexes of silver(I) nitrate. The crystal structure of [Ag(PPh3)2(pytH)2]NO3 and 
[Ag(PPh3)2(pymtH)]NO3. Inorg. Chim. Acta. 254, 277-284. 

 
Attilio, G., Monica, G. L., Maspero, A., Morat, M. and  Masciocchi, N. 1997. Silver(I) Pyrazolates. 

Synthesis and X-ray and 31P-NMR Characterization of Triphenylphosphine Complexes 
and Their Reactivity toward Heterocumulenes. Inorg. Chem. 36, 2321-2328. 

 
Attilio, G., Brenna, S., Castelli, F., Galli , S., LaMonica, G., Masciocchi, N. and Maspero, A. 

2004. Metal imidazolato polymers: synthesis, characterization and crystal structure 
of new silver(I) triphenylphosphine derivatives. Polyhedron. 23, 3063h3068. 

  
Cox, P. J., Aslanidis, P., Karagiannidis, P. and Hadjikakou, S. 2000. Silver(I) complexes with 

heterocyclic thiones and tertiary phosphine as ligands. Part 4. Dinuclear complexes 
of silver(I) bromide: the crystal structure of bis[bromo-(pyrimidine-2-
thione)(triphenylphosphine)silver(I). Inorg. Chim. Acta. 310, 268-272. 

 
Gassemzadeh, M., Sharifi, A., Malakootikhah, J. and Neumuller, B. 2004. Synthesis and 

characterization of new AMTTO-imine-ligands and their silver(I) complexes: crystal 
structures of TAMTTO, [Ag2(TAMMTO)4](NO3)2.4MeOH, 



 

  85 

[Ag(TAMTTO)(PPh3)2]NO3.1.5 THF, [Ag(FAMTTO)(PPh3)2]NO3. Inorg. Chim. 
Acta. 357, 2245-2252.   

 
Clegg, W. 1998. Crystal Structure Determination. New York : Oxford University Press. 
 
Cotton, F. A. and Wilkinson, G. 1998. Advanced Inorganic Chemistry. 5th ed., New York : John 

Wiley & Sons. 
 
Hadjikakou, S.K., Aslanidis, P., Karagiannidis, P., Mentzafos, D. and, Terzis, A. 1991. Synthesis        
                  and photolysis of a new series of Cu(I) complexes with tri-o-tolylphosphine  and     
                  heterocyclic thiones as ligands. The crystal structure of (thiazolidine-2-thione)(tri-o-     
                  tolylphosphine) copper(I) bromide, Inorganica Chimica Acta. 186, 199-204. 
 
Han, J., Shen, Y., Li, C., Li, Y. and Dan, Y. 2005. Synthesis and characterization of 

triphenylphosphine stabilized silver α , β-unsaturated carboxylate: Crystal structure 
of [Ag(O2CCH=C(CH3)2(PPh3)2]. Inorg. Chim. Acta. 358, 4417-4422. 

 
Karagiannidis, P.,  Aslanidis, P.,  Papastefanou, S.,  Mentzafos, D., Hountas, A.  and Terzis, A.     
                  1989.  Cu(I)  Complexes   with  Heterocyclic  Thiones  and  Triphenylphosphine as      
                    Ligands.The Crystal Structure of [Cu(tzdtH)2(PPh3)2]NO3,  Inorganica Chimica Acta.     

      156, 265-270.  
 
Karagiannidis, P., Aslanidis, P., Papastefanou, S., Mentzafos, D., Hountas, A. and Terzis, A. 

1990. Synthesis and Characterization of Copper(I) halide Complexes with 
Heterocyclic Thiones and Triphenylphosphine as Ligands.The X-ray Crystal 
Structure of copper(I)1-methyl-1,3-imidazoline-2-thione 
bis(triphenylphosphine)bromide, [Cu(PPh3)2meimtH)Br]. Polyhedron 9, 981-986. 

 
 



 

  86 

Lecomte, C., Skoulika, St., Aslanidis, P., Karagiannidis, P. and Papastefanou, St. 1989. Copper(I) 
Bromide Complexes with Heterocyclic Thiones and Triphenylphosphine as 
Ligands.The X-ray Crystal Structure of Coppet(I) Pyrimidine-2-thione 
Bis(triphenylphosphine)Bromide [Cu(PPh3)2(PymtH)Br].  Polyhedron 8, 1103-1109. 

 
Lettko, L., Wood, J. S. and Rausch, M. D. 2000. Synthesis of (phosphine) silver(I) 

trifluoromethanesulfonate complexes and  the molecular structure of                        
di-µ-trifluoromethylsulfonate-(tetrakis-triphenylphosphine) disilver(I). Inorg. Chim. 
Acta. 308, 37-44. 

 
Li, F. F., Ma, J. F., Yang, J., Jia, H. Q. And Hu, N. H. 2006. Synthesis, structures and 

luminescence of silver(I) sulfanate complexes with PPh3 ligand. J. Mol. Struct. 787, 
106-112.  

 
Lobana,T. S., Khanna, S., Hundal, G., Liawb. B. and Liu, C. W. 2008. The influence of 

substituents at the C2 carbon of thiosemicarbazones on bonding and nuclearity of 
silver(I) complexes. Polyhedron. 27, 2251h2258. 

 
Long, D. L., Xin, X. Q., Chen, X. M. and Kang, B.S. 1996. Synthesis and X-ray crystal structure 

of a polymetallate with a metal complex cation as counter ion, 
[Ag(PPh3)4]2Mo6O19.3CH2Cl2. Polyhedron. 16, 1259-1261. 

 
Ngo, S. C., Banger, K. K., Toscano, P. J. and Welch, J. T. 2002. Synthesis and physical and 

structure characterization of Ag(I) complexes supported by non-fluorinated                     
β-diketonate and related ancillary ligands. Polyhedron. 21, 1289-1297. 

 
Nomiya, K., Kasuga, N. C., Takamori, I. and Tsuda, K. 1998. Synthesis, characterization and     

X-ray crystal structure of [Ag(Htsa)(PPh3)3](H2tsa = o-HS(C6H4)CO2H). 
Comparision with [Au(Htsa)(PPh3)]. Polyhedron. 17, 3519-3530. 

 



 

  87 

Nomiya, K., Tsuda, K. and Kasuga, N. C. 1998. Synthesis and X-ray characterization of helical 
polymer complexes [Ag(1, 2, 3-L)(PPh3)2]n and [Ag(1, 2, 4-L)(PPh3)2]m (HL = 
triazole) and their antimicrobial activities. J. Chem . Soc., Dalton Trans. 1653-1659.  

 
Nomiya, K., Noguchi, R. and Oda, M. 2000. Synthesis and crystal structure of coinage metal(I) 

complexes with tetrazole (Htetz) and triphenylphosphine ligands, and their 
antimicrobial activities. A helical polymer of silver(I) complex [Ag(tetz)(PPh3)2]n 
and a monomeric gold(I) complex [Au(tetz(PPh3)]. Inorg. Chim. Acta. 298, 24-32. 

 
Saithong, S. 2008. Crystal Structure of Some Copper(I) and Silver(I) Complexes with 

Heterocyclic Thione / Thiol Ligands Containing Nitrogen / Sulfur-Donor Atoms. 
Doctor of Philosophy in Chemistry. Prince of Songkla University. 

 
Sampanthar, J. T. and Vittal, J. J. 2000. Silver-triphenylphosphine coordination polymers with 

linear spacer ligands. Crystal Engineering. 3, 117-133. 
 
Satyanarayana, S. and Nagasundara, K. R. 2004. Synthesis and spectral properties of the 

complexes of cobalt(II), copper(II), Zinc(II), and cadmium(II) with 2-(thiomethyl-2-
benzimidazolyl-benzimidazole). Synthesis and reactivity in inorganic and metal-
organic chemistry. 34, 883-895. 

 
Sheldrick, G. M. 2000.  SHELXT  NT  Version  6.14 ;  Bruker  Analytical  Xray   

System,  Inc.;  Madison,  WI,  USA. 
 
Singh, R. and Dikshit, S.K. 1995.  Synthesis  and  characterization  of  mixed  ligand  copper(I)      
                 complexes containing halides, triphenylarsine and N,N-dimethyl-N′-phenylthiourea      
                   (dmptH), N,N-dibutyl-N′-phenylthiourea (dbptH) or 1,3-thiazolidine-2-thione (tzdtH).       
                 The X-ray crystal structure of [Cu(PPh3)2(dmptH)Cl], Polyhedron. 14, 1799-1807. 
  
 



 

  88 

Skoulika, S., Aubry, A., Karagianidis, P., Aslanidis, P. and Papastefanou, S. 1990. New Copper(I)      
                    Chloride Complexes with Heterocyclic Thiones and Triphenylphosphine  as Ligands.     
                  Crystal  Structure of [Cu(PPh3)2(bzimtH2)Cl]CH3COCH3 and            
                  [Cu(PPh3)2(nbzimtH2)Cl], Inorganica Chimica Acta. 183, 207-211. 
 
Wei, Y. Q., Wu, K. C., Zhuang, B. T. and Zhou, Z. F. 2005. Computational and spectroscopic 

studies on luminescence of [Ag(PPh3)2(NMP)]NO3. J. Mol. Struct. 751, 133-138. 
 
Wu, T., Li, D., Feng, X. L. and Cai, J. W. 2003. Trinuclear silver(I) complex with          

benzimidazole (Hbim) and triphenylphosphine [Ag3(µ-bim)3(PPh3)5]: synthesis, 
crystal structure and photoluminescence. Inorg. Chem. Commun. 6, 886-890. 

 
 



89

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



90

 (Crystallographic data) 
 

 1  [Cu(PPh3)2(TTA)Br]

Empirical formula  C38 H35 Cu Br N P2 S 

Formula weight  707.84 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  Triclinic 

Space group  P
−
1

Unit cell dimensions a = 11.5838(5) Å α= 83.2950(10)o

b = 13.3267(6) Å β= 67.3950(10)o

c = 13.6874(6) Å γ = 64.3970(10)o

Volume 1807.05(15) Å3

Z 2 

Density (calculated) 1.406 Mg/m3

Absorption coefficient 1.937 mm-1

F(000) 760 

Crystal size 0.208 x 0.167 x 0.12 mm3

Theta range for data collection 1.62 to 28.28o

Index ranges -15<=h<=15, -17<=k<=17, -17<=l<=17 

Reflections collected 24305 

Independent reflections 8679 [R(int) = 0.0236] 

Absorption correction Semi-empirical from equivalents 

Refinement method Full-matrix least-squares on F

Final R indices [F>4σ (F)] R1 = 0.048, wR2 = 0.076 
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 1 [Cu(PPh3)2(TAA)Br] 
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 2 ( )  [Ag(PPh3)2(TAA)Cl] 
 

              x             y            z                     U(eq)A**2 

 

Ag(1) 8573(1) 2991(1) 2226(1) 51(1) 

Cl(1) 9076(1) 3378(1) 195(1) 66(1) 

S(1) 8074(1) 4793(1) 3269(1) 72(1) 

P(1) 6571(1) 2609(1) 3024(1) 44(1) 

P(2) 10845(1) 1747(1) 2161(1) 44(1) 

N(1) 8829(3) 5584(2) 1406(2) 75(1) 

C(1) 8601(3) 5643(2) 2412(2) 57(1) 

C(2) 8836(4) 6521(3) 2809(3) 89(1) 

C(11) 6744(3) 1316(2) 2478(2) 45(1) 

C(12) 7941(3) 385(2) 2293(2) 53(1) 

C(13) 8149(3) -621(2) 1887(2) 61(1) 

C(14) 7165(3) -721(3) 1654(2) 65(1) 

C(15) 5990(3) 188(3) 1829(3) 68(1) 

C(16) 5775(3) 1209(3) 2236(2) 59(1) 

C(21) 5078(3) 3681(2) 2877(2) 48(1) 

C(22) 5238(3) 4155(2) 1906(2) 61(1) 

C(23) 4131(4) 4962(3) 1759(3) 77(1) 

C(24) 2906(4) 5321(3) 2552(3) 86(1) 

C(25) 2740(3) 4880(3) 3526(3) 88(1) 

C(26) 3829(3) 4064(3) 3692(3) 69(1) 

C(31) 6032(3) 2466(2) 4460(2) 48(1) 

C(32) 5953(3) 3257(3) 5113(2) 67(1) 

C(33) 5514(4) 3200(3) 6205(3) 83(1) 

C(34) 5169(4) 2360(4) 6656(3) 87(1) 

C(35) 5241(4) 1571(4) 6026(3) 97(1) 

C(36) 5676(4) 1616(3) 4929(2) 75(1) 
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 2 ( ) 
 

              x             y            z                     U(eq)A**2 

 

C(41) 11455(2) 281(2) 1734(2) 42(1) 

C(42) 11226(3) 44(2) 872(2) 51(1) 

C(43) 11603(3) -1039(2) 530(2) 58(1) 

C(44) 12193(3) -1906(2) 1049(2) 57(1) 

C(45) 12440(3) -1693(2) 1895(2) 58(1) 

C(46) 12080(3) -607(2) 2239(2) 50(1) 

C(51) 10994(3) 1702(2) 3450(2) 55(1) 

C(52) 9996(5) 1587(4) 4318(3) 104(1) 

C(53) 10076(7) 1506(5) 5313(3) 146(2) 

C(54) 11124(7) 1563(4) 5438(4) 126(2) 

C(55) 12096(6) 1702(5) 4595(4) 133(2) 

C(56) 12036(4) 1765(4) 3596(3) 99(1) 

C(61) 12153(2) 2163(2) 1261(2) 43(1) 

C(62) 13399(3) 1444(2) 634(2) 62(1) 

C(63) 14326(3) 1825(3) -25(3) 79(1) 

C(64) 13999(3) 2936(3) -88(2) 66(1) 

C(65) 12751(4) 3671(3) 520(3) 90(1) 

C(66) 11832(3) 3289(3) 1191(3) 89(1) 
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 3  [Ag(PPh3)2(TAA)Cl] 
 

    x   y   z   U(eq)A**2 

 

H(1) 8750(40) 5060(20) 1110(30) 90 

H(2) 9220(30) 5980(30) 970(20) 90 

H(2A) 9420 6752 2219 133 

H(2B) 9241 6227 3320 133 

H(2C) 8000 7150 3143 133 

H(12) 8609 445 2446 64 

H(13) 8954 -1236 1768 74 

H(14) 7304 -1403 1381 77 

H(15) 5326 123 1675 82 

H(16) 4972 1824 2346 71 

H(22) 6080 3932 1361 73 

H(23) 4234 5262 1101 93 

H(24) 2175 5867 2439 103 

H(25) 1897 5129 4074 106 

H(26) 3718 3773 4355 83 

H(32) 6199 3832 4813 80 

H(33) 5453 3743 6637 100 

H(53) 9405 1413 5900 175 

H(54) 11170 1506 6109 152 

H(55) 12807 1754 4684 159 

H(56) 12717 1853 3012 119 

H(62) 13633 680 649 75 

H(63) 15184 1317 -432 94 

H(64) 14625 3190 -542 79 

H(65) 12515 4434 483 109 

          H(66) 10978 3801 1605 106 
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 4  [Ag(PPh3)2(TAA)Cl] 
 

            U11          U22        U33              U23          U13     U12 

 

Ag(1)   42(1)               48(1)                 59(1)              7(1)             -10(1)            -24(1) 

Cl(1)   95(1)               68(1)                49(1)               9(1)             -20(1)            -54(1) 

S(1) 89(1)  58(1) 53(1)  -5(1) 1(1)  -40(1) 

P(1) 40(1)  48(1) 42(1)  8(1) -11(1)  -23(1) 

P(2) 39(1)  47(1) 43(1)  2(1) -9(1)  -20(1) 

N(1) 111(2)  65(2) 61(2)  9(1) -24(2)  -56(2) 

C(1) 57(2)  40(2) 62(2)  -2(1) -13(1)  -19(1) 

C(2) 127(3)  67(2) 89(3)  3(2) -39(2)  -56(2) 

C(11) 45(1)  53(2) 39(1)  11(1) -11(1)  -29(1) 

C(12) 53(2)  52(2) 57(2)  13(1) -22(1)  -27(1) 

C(13) 66(2)  48(2) 63(2)  13(1) -20(2)  -22(1) 

C(14) 89(2)  57(2) 58(2)  10(1) -25(2)  -43(2) 

C(15) 73(2)  78(2) 74(2)  8(2) -34(2)  -45(2) 

C(16) 51(2)  64(2) 63(2)  5(1) -20(1)  -27(1) 

C(21) 45(2)  47(2) 51(2)  7(1) -16(1)  -21(1) 

C(22) 60(2)  66(2) 51(2)  12(1) -19(1)  -26(2) 

C(23) 81(2)  81(2) 75(2)  25(2) -42(2)  -31(2) 

C(24) 69(2)  80(2) 112(3)  28(2) -51(2)  -23(2) 

C(25) 48(2)  92(3) 95(3)  15(2) -16(2)  -14(2) 

C(26) 52(2)  79(2) 64(2)  19(2) -17(2)  -22(2) 

C(31) 41(1)  58(2) 43(1)  7(1) -14(1)  -21(1) 

C(32) 73(2)  77(2) 56(2)  3(2) -20(2)  -39(2) 

C(33) 90(3)  104(3) 53(2)  -7(2) -26(2)  -38(2) 

C(34) 88(3)  117(3) 45(2)  18(2) -22(2)  -36(2) 

C(35) 132(4)  104(3) 55(2)  29(2) -22(2)  -66(3) 

C(36) 103(3)  78(2) 49(2)  15(2) -18(2)  -53(2) 
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 4 ( ) 

 

  U11            U22             U33        U23               U13          U12 

 

C(41) 38(1)  48(1) 37(1)  5(1) -7(1)  -22(1) 

C(42) 52(2)  57(2) 41(1)  7(1) -16(1)  -23(1) 

C(43) 63(2)  66(2) 46(2)  -4(1) -18(1)  -30(2) 

C(44) 59(2)  49(2) 57(2)  -4(1) -9(1)  -26(1) 

C(45) 61(2)  48(2) 59(2)  11(1) -21(1)  -21(1) 

C(46) 52(2)  57(2) 45(1)  6(1) -20(1)  -25(1) 

C(51) 64(2)  54(2) 44(1)  -2(1) -12(1)  -29(1) 

C(52) 123(3)  161(4) 53(2)  15(2) -16(2)  -100(3) 

C(53) 249(7)  194(6) 46(2)  28(3) -30(3)  -166(6) 

C(54) 244(7)  119(4) 65(3)  22(2) -78(4)  -104(4) 

C(55) 171(5)  194(6) 80(3)  12(3) -70(3)  -98(5) 

C(56) 95(3)  165(4) 62(2)  3(2) -31(2)  -74(3) 

C(61) 39(1)  47(1) 45(1)  5(1) -13(1)  -21(1) 

C(62) 52(2)  46(2) 70(2)  3(1) -2(1)  -22(1) 

C(63) 57(2)  66(2) 81(2)  -7(2) 13(2)  -28(2) 

C(64) 60(2)  73(2) 68(2)  13(2) -11(2)  -44(2) 

C(65) 67(2)  51(2) 143(3)  21(2) -24(2)  -33(2) 

C(66) 47(2)  50(2) 135(3)  3(2) -1(2)  -20(2) 
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 5 ( )  [Ag(PPh3)2(TAA)Br] 
 

  x          y              z       U(eq)A**2 

 

Ag(1) 8541(1) 3007(1) 2273(1) 48(1) 

Br(1) 9077(1) 3328(1) 142(1) 62(1) 

S(1) 8071(1) 4764(1) 3304(1) 66(1) 

P(1) 6538(1) 2653(1) 3043(1) 40(1) 

P(2) 10844(1) 1743(1) 2210(1) 41(1) 

N(1) 8753(3) 5582(2) 1452(2) 75(1) 

C(1) 8534(3) 5626(2) 2461(2) 55(1) 

C(2) 8723(4) 6514(3) 2857(3) 84(1) 

C(11) 6723(2) 1383(2) 2494(2) 42(1) 

C(12) 7925(2) 449(2) 2322(2) 49(1) 

C(13) 8138(3) -548(2) 1924(2) 57(1) 

C(14) 7150(3) -617(2) 1687(2) 62(1) 

C(15) 5960(3) 300(2) 1840(2) 65(1) 

C(16) 5743(3) 1302(2) 2239(2) 56(1) 

C(21) 5034(2) 3743(2) 2884(2) 45(1) 

C(22) 5173(3) 4217(2) 1912(2) 58(1) 

C(23) 4073(3) 5044(3) 1748(2) 73(1) 

C(24) 2836(3) 5420(3) 2540(3) 80(1) 

C(25) 2682(3)    4982(3) 3510(3) 83(1) 

C(26) 3776(3)    4144(2) 3688(2) 65(1) 

C(31) 6006(2) 2499(2) 4475(2) 46(1) 

C(32) 5924(3) 3270(2) 5125(2) 63(1) 

C(33) 5486(3) 3218(3) 6217(2) 76(1) 

C(34) 5138(3) 2388(3) 6667(2) 81(1) 

C(35) 5234(4) 1601(3) 6039(2) 87(1) 

C(36) 5658(3) 1654(2) 4936(2) 68(1) 



98

 5 ( ) 
 

  x     y        z   U(eq)A**2 

  

C(41) 11465(2) 299(2) 1775(2) 40(1) 

C(42) 11222(2) 102(2) 907(2) 48(1) 

C(43) 11615(3) -966(2) 549(2) 54(1) 

C(44) 12234(3) -1850(2) 1060(2) 56(1) 

C(45) 12486(3) -1665(2) 1913(2) 57(1) 

C(46) 12111(2) -601(2) 2273(2) 50(1) 

C(51) 11035(3) 1675(2) 3486(2) 52(1) 

C(52) 10054(4) 1581(4) 4368(2) 103(1) 

C(53) 10167(6) 1495(5) 5358(3) 146(2) 

C(54) 11233(6) 1535(4) 5459(3) 121(2) 

C(55) 12193(5) 1646(4) 4607(3) 127(2) 

C(56) 12098(4) 1712(3) 3621(3) 94(1) 

C(61) 12128(2) 2150(2) 1303(2) 42(1) 

C(62) 13325(2) 1438(2) 585(2) 57(1) 

C(63) 14234(3) 1821(2) -90(2) 72(1) 

C(64) 13933(3) 2921(2) -60(2) 65(1) 

C(65) 12742(3) 3640(2) 641(3) 84(1) 

C(66) 11839(3) 3263(2) 1325(3) 78(1) 
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 6  [Ag(PPh3)2(TAA)Br] 
 

         x             y           z   U(eq)A**2 

 

H(2A) 9280 6757 2269 126 

H(2B) 9145 6228 3369 126 

H(2C) 7865 7129 3186 126 

H(12) 8598 494 2478 59 

H(13) 8948 -1170 1817 68 

H(14) 7290 -1289 1422 75 

H(15) 5295 250 1676 78 

H(16) 4935 1923 2336 67 

H(22) 6015 3975 1367 70 

H(23) 4175 5349 1090 87 

H(24) 2097 5974 2420 95 

H(25) 1839 5247 4053 100 

H(26) 3663 3850 4352 78 

H(32) 6167 3834 4822 75 

H(33) 5428 3747 6647 91 

H(34) 4834 2358 7405 98 

H(35) 5015 1028 6350 104 

H(36) 5707 1126 4511 81 

H(42) 10788 697 563 58 

H(43) 11460 -1087 -41 65 

H(44) 12481 -2569 829 67 

H(45) 12915 -2265 2255 69 

H(46) 12292 -490 2851 59 

H(52) 9306 1575 4305 123 

H(53) 9509 1409 5954 175 
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 6 ( ) 
 

         x             y           z   U(eq)A**2 

 

H(54) 11298 1485 6126 145 

H(55) 12920 1679 4681 152 

H(56) 12774 1782 3031 112 

H(62) 13534 687 546 68 

H(63) 15056 1324 -567 87 

H(64) 14542 3175 -518 78 

H(65) 12530 4392 662 100 

H(66) 11026 3765 1807 94 

H(1) 8680(30) 5060(20) 1170(20) 94 

H(2) 8980(30) 6050(20) 1010(20) 94 

 

 7  [Ag(PPh3)2(TAA)Br] 
 

           U11        U22                    U33               U23            U13          U12 

 

Ag(1) 41(1)  45(1) 56(1)  5(1) -10(1)  -23(1) 

Br(1) 88(1)  63(1) 47(1)  7(1) -19(1)  -49(1) 

S(1) 80(1)  54(1) 52(1)  -7(1) 1(1)  -37(1) 

P(1) 38(1)  43(1) 40(1)  5(1) -10(1)  -21(1) 

P(2) 37(1)  43(1) 41(1)  0(1) -9(1)  -19(1) 

N(1) 113(2)  67(2) 61(2)  9(1) -25(1)  -59(2) 

C(1) 56(2)  41(1) 61(2)  -4(1) -12(1)  -22(1) 

C(2) 114(3)  67(2) 85(2)  -5(2) -29(2)  -56(2) 

C(11) 42(1)  45(1) 38(1)  7(1) -10(1)  -24(1) 

C(12) 51(1)  49(1) 49(1)  6(1) -18(1)  -24(1) 

C(13) 65(2)  44(1) 56(1)  8(1) -21(1)  -22(1) 
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           U11        U22                    U33               U23            U13          U12 

 

C(14) 86(2)  55(2) 55(2)  4(1) -22(1)  -41(2) 

C(15) 71(2)  73(2) 73(2)  5(1) -33(2)  -43(2) 

C(16) 49(1)  58(2) 64(2)  2(1) -21(1)  -26(1) 

C(21) 42(1)  44(1) 48(1)  4(1) -15(1)  -19(1) 

C(22) 57(2)  62(2) 48(1)  10(1) -17(1)  -22(1) 

C(23) 76(2)  72(2) 69(2)  23(2) -38(2)  -26(2) 

C(24) 62(2)  70(2) 102(2)  18(2) -43(2)  -17(2) 

C(25) 45(2)  84(2) 88(2)  7(2) -13(2)  -10(2) 

C(26) 46(1)  71(2) 60(2)  14(1) -11(1)  -19(1) 

C(31) 40(1)  55(1) 42(1)  7(1) -13(1)  -22(1) 

C(32) 69(2)  69(2) 52(2)  1(1) -21(1)  -33(2) 

C(33) 81(2)  96(2) 52(2)  -7(2) -25(2)  -36(2) 

C(34) 76(2)  112(3) 41(2)  13(2) -19(1)  -32(2) 

C(35) 109(3)  97(2) 54(2)  27(2) -22(2)  -57(2) 

C(36) 85(2)  75(2) 49(1)  14(1) -18(1)  -48(2) 

C(41) 35(1)  43(1) 39(1)  3(1) -9(1)  -20(1) 

C(42) 52(1)  50(1) 42(1)  6(1) -17(1)  -22(1) 

C(43) 64(2)  57(2) 45(1)  -1(1) -20(1)  -28(1) 

C(44) 58(2)  47(1) 60(2)  -3(1) -13(1)  -25(1) 

C(45) 62(2)  47(1) 62(2)  12(1) -27(1)  -22(1) 

C(46) 53(1)  52(1) 49(1)  6(1) -23(1)  -24(1) 

C(51) 61(2)  52(1) 43(1)  -2(1) -16(1)  -26(1) 

C(52) 132(3)  159(4) 50(2)  14(2) -16(2)  -108(3) 

C(53) 243(7)  195(5) 49(2)  27(3) -31(3)  -160(5) 

C(54) 228(6)  113(3) 64(2)  22(2) -76(3)  -96(4) 

C(55) 160(4)  175(5) 90(3)  9(3) -78(3)  -85(4) 
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           U11        U22                    U33               U23            U13          U12 

 

C(56) 89(2)  152(4) 58(2)  -3(2) -30(2)  -64(3) 

C(61) 38(1)  45(1) 44(1)  2(1) -13(1)  -20(1) 

C(62) 53(1)  46(1) 58(1)  1(1) -3(1)  -23(1) 

C(63) 57(2)  66(2) 70(2)  -5(1) 10(1)  -32(1) 

C(64) 59(2)  69(2) 71(2)  11(1) -11(1)  -42(2) 

C(65) 68(2)  49(2) 126(3)  8(2) -17(2)  -34(2) 

C(66) 51(2)  48(2) 110(2)  -7(2) 3(2)  -23(1) 

 

 

 8 ( )

{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·CH3�H 
 

         x               y       z                 U(eq)A**2 

    

Ag(1) -391(1) 5179(1) 2685(1) 51(1) 

Cl(1) -1232(1) 6262(1) 2663(1) 89(1) 

S(1) -988(1) 4415(1) 1816(1) 69(1) 

P(1) -663(1) 4463(1) 3492(1) 43(1) 

P(2) 808(1) 5659(1) 2629(1) 47(1) 

N(1) -2182(2) 5062(2) 1943(2) 61(1) 

C(1) -1901(2) 4527(2) 1767(2) 56(1) 

C(2) -2418(3) 3986(3) 1524(3) 102(2) 

C(3) -574(2) 4857(2) 4207(2) 46(1) 

C(4) -971(2) 4664(2) 4612(2) 60(1) 

C(5) -868(3) 4981(3) 5151(2) 71(1) 

C(6) -355(3) 5483(2) 5286(2) 74(1) 
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  x   y       z             U(eq)A**2 

 

C(7) 46(3) 5686(2) 4889(2) 76(1) 

C(8) -59(2) 5378(2) 4348(2) 60(1) 

C(9) -1582(2) 4098(2) 3364(1) 47(1) 

C(10) -1738(2) 3413(2) 3354(2) 64(1) 

C(11) -2459(3) 3192(3) 3225(2) 87(2) 

C(12) -3013(3) 3641(4) 3104(2) 91(2) 

C(13) -2878(3) 4316(4) 3101(2) 89(2) 

C(14) -2161(2) 4558(2) 3237(2) 68(1) 

C(15) -48(2) 3735(2) 3616(2) 47(1) 

C(16) -20(2) 3298(2) 3149(2) 61(1) 

C(17) 486(2) 2770(2) 3210(2) 73(1) 

C(18) 981(3) 2687(3) 3727(3) 90(2) 

C(19) 962(3) 3118(3) 4178(2) 82(1) 

C(20) 448(2) 3637(2) 4122(2) 64(1) 

C(21) 1142(2) 6236(2) 3231(2) 54(1) 

C(22) 633(3) 6697(3) 3378(2) 77(1) 

C(23) 815(4) 7118(3) 3844(3) 100(2) 

C(24) 1490(4) 7090(3) 4185(3) 105(2) 

C(25) 2009(4) 6638(3) 4048(3) 103(2) 

C(26) 1835(3) 6207(2) 3573(2) 80(1) 

C(27) 784(2) 6183(2) 1978(2) 51(1) 

C(28) 1194(2) 6766(2) 1967(2) 69(1) 

C(29) 1116(3) 7143(3) 1450(2) 88(2) 

C(30) 630(3) 6944(3) 969(2) 86(2) 

C(31) 233(3) 6369(3) 983(2) 89(2) 

C(32) 304(2) 5989(2) 1482(2) 71(1) 
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  x   y   z             U(eq)A**2 

 

C(33) 1561(2) 5067(2) 2639(2) 50(1) 

C(34) 2187(3) 5208(3) 2424(2) 81(2) 

C(35) 2741(3) 4722(3) 2462(3) 101(2) 

C(36) 2684(3) 4106(3) 2710(2) 83(1) 

C(37) 2069(2) 3954(2) 2914(2) 76(1) 

C(38) 1516(2) 4431(2) 2886(2) 62(1) 

Ag(2) 10212(1) 472(1) 730(1) 42(1) 

Cl(2) 11052(1) 235(1) 1741(1) 60(1) 

P(3) 9766(1) 1693(1) 811(1) 40(1) 

P(4) 11066(1) 320(1) 17(1) 42(1) 

P(5) 9163(1) -402(1) 641(1) 41(1) 

C(39) 10405(2) 2406(2) 997(2) 45(1) 

C(40) 10288(2) 2939(2) 1351(2) 58(1) 

C(41) 10782(3) 3469(2) 1471(2) 71(1) 

C(42) 11391(2) 3474(2) 1223(2) 77(1) 

C(43) 11513(2) 2957(2) 866(2) 79(1) 

C(44) 11027(2) 2426(2) 757(2) 61(1) 

C(45) 9222(2) 1737(2) 1380(2) 45(1) 

C(46) 9482(2) 1363(2) 1879(2) 61(1) 

C(47) 9115(3) 1382(3) 2342(2) 82(1) 

C(48) 8484(3) 1750(3) 2303(2) 81(1) 

C(49) 8225(3) 2117(3) 1812(2) 84(1) 

C(50) 8590(2) 2118(2) 1347(2) 66(1) 

C(51) 9161(2) 1982(2) 147(1) 44(1) 

C(52) 8591(2) 1547(2) -106(2) 62(1) 

C(53) 8161(3) 1707(3) -635(2) 77(1) 
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  x   y       z             U(eq)A**2 

 

C(54) 8294(3) 2283(3) -932(2) 76(1) 

C(55) 8854(3) 2700(2) -696(2) 70(1) 

C(56) 9288(2) 2559(2) -156(2) 57(1) 

C(57) 11841(2) 912(2) 150(2) 42(1) 

C(58) 12197(2) 993(2) 721(2) 57(1) 

C(59) 12815(2) 1387(2) 860(2) 69(1) 

C(60) 13077(2) 1738(2) 433(2) 67(1) 

C(61) 12726(2) 1671(2) -127(2) 61(1) 

C(62) 12113(2) 1256(2) -278(2) 51(1) 

C(63) 11539(2) -496(2) 16(2) 49(1) 

C(64) 12211(3) -546(2) -157(3) 90(2) 

C(65) 12538(3) -1177(2) -169(3) 101(2) 

C(66) 12228(3) -1746(2) -8(2) 77(1) 

C(67) 11573(3) -1701(2) 153(2) 78(1) 

C(68) 11230(2) -1074(2) 166(2) 59(1) 

C(69) 10633(2) 447(2) -743(2) 51(1) 

C(70) 10732(2) 9(3) -1191(2) 68(1) 

C(71) 10351(3) 121(3) -1754(2) 88(2) 

C(72) 9872(3) 656(4) -1871(2) 97(2) 

C(73) 9773(3) 1078(3) -1445(2) 94(2) 

C(74) 10148(2) 981(3) -881(2) 73(1) 

C(75) 9189(2) -1041(2) 1208(2) 45(1) 

C(76) 8568(2) -1398(2) 1284(2) 67(1) 

C(77) 8620(3) -1923(2) 1679(2) 84(1) 

C(78) 9277(4) -2099(2) 2002(2) 84(2) 

C(79) 9886(3) -1744(2) 1942(2) 85(2) 
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  x   y       z             U(eq)A**2 

 

C(80) 9854(2) -1215(2) 1547(2) 61(1) 

C(81) 8209(2) -95(2) 526(2) 46(1) 

C(82) 7692(2) -234(3) 41(2) 82(2) 

C(83) 6980(3) 11(4) -13(3) 113(2) 

C(84) 6792(3) 408(3) 412(3) 95(2) 

C(85) 7301(3) 563(2) 882(2) 77(1) 

C(86) 8010(2) 315(2) 947(2) 59(1) 

C(87) 9166(2) -928(2) -5(2) 46(1) 

C(88) 9138(2) -594(2) -528(2) 62(1) 

C(89) 9165(3) -962(3) -1025(2) 83(1) 

C(90) 9243(3) -1664(3) -997(2) 88(2) 

C(91) 9283(2) -1994(2) -481(2) 74(1) 

C(92) 9236(2) -1633(2) 15(2) 57(1) 

C(93) 6909(4) 6919(5) 2308(3) 133(3) 

�(1A) 7427(8) 7143(9) 2778(7) 152(11) 

�(1B) 6805(8) 6486(6) 2869(6) 301(10) 

 

 9  {[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·CH3�H 
 

  x        y        z   U(eq)A**2 

 

H(1A) -2650 5090 1915 74 

H(1B) -1905 5394 2089 74 

H(2A) -2379 3613 1793 153 

H(2B) -2303 3828 1164 153 

H(2C) -2909 4162 1454 153 



107

 9 ( ) 
 

  x      y     z   U(eq)A**2 

 

H(4) -1314 4316 4526 72 

H(5) -1150 4851 5420 85 

H(6) -279 5686 5651 89 

H(7) 391 6032 4980 91 

H(8) 215 5520 4077 72 

H(10) -1360 3096 3435 77 

H(11) -2560 2728 3221 104 

H(12) -3494 3485 3022 109 

H(13) -3265 4621 3007 107 

H(14) -2070 5025 3244 82 

H(16) -342 3362 2797 73 

H(17) 493 2472 2902 87 

H(18) 1325 2337 3766 108 

H(19) 1296 3065 4526 99 

H(20) 440 3926 4435 76 

H(22) 163 6715 3153 93 

H(23) 472 7427 3930 120 

H(24) 1606 7371 4509 125 

H(25) 2477 6626 4277 124 

H(26) 2181 5901 3485 96 

H(28) 1517 6909 2299 82 

H(29) 1400 7532 1437 105 

H(30) 571 7203 631 103 

H(31) -92 6229 650 107 

H(32) 25 5596 1485 86 

H(34) 2238 5629 2254 98 
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  x      y     z   U(eq)A**2 

 

H(35) 3158 4824 2314 121 

H(36) 3063 3790 2740 100 

H(37) 2019 3527 3074 91 

H(38) 1103 4322 3038 75 

H(40) 9868 2941 1512 70 

H(41) 10702 3821 1718 85 

H(42) 11723 3833 1299 93 

H(43) 11926 2964 696 94 

H(44) 11118 2072 516 74 

H(46) 9902 1099 1904 74 

H(47) 9301 1142 2681 98 

H(48) 8232 1751 2610 98 

H(49) 7798 2371 1788 101 

H(50) 8409 2373 1016 80 

H(52) 8503 1148 84 75 

H(53) 7775 1421 -794 93 

H(54) 8003 2385 -1291 91 

H(55) 8950 3087 -898 84 

H(56) 9665 2855 1 68 

H(58) 12014 776 1015 69 

H(59) 13059 1419 1245 83 

H(60) 13488 2016 527 80 

H(61) 12900 1908 -416 73 

H(62) 11885 1211 -665 61 

H(64) 12439 -156 -263 108 

H(65) 12984 -1209 -292 121 
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  x      y     z   U(eq)A**2 

 

H(66) 12462 -2165 -8 92 

H(67) 11348 -2093 257 94 

H(68) 10778 -1052 280 71 

H(70) 11052 -359 -1113 82 

H(71) 10423 -168 -2052 105 

H(72) 9614 725 -2247 117 

H(73) 9448 1442 -1529 113 

H(74) 10071 1280 -591 87 

H(76) 8112 -1281 1066 81 

H(77) 8200 -2158 1725 101 

H(78) 9312 -2460 2263 100 

H(79) 10335 -1859 2172 102 

H(80) 10277 -978 1512 73 

H(82) 7818 -496 -255 98 

H(83) 6631 -96 -342 136 

H(84) 6315 569 377 114 

H(85) 7176 842 1169 93 

H(86) 8354 426 1277 71 

H(88) 9102 -121 -544 74 

H(89) 9131 -739 -1379 99 

H(90) 9268 -1911 -1331 106 

H(91) 9343 -2465 -463 89 

H(92) 9251 -1862 364 69 
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{[Ag(PPh3)2(TAA)Cl][Ag(PPh3)3Cl]}·CH3�H 
 

  U11            U22             U33        U23               U13          U12 

 

A 

Ag(1) 41(1)  55(1) 59(1)  14(1) 11(1)  0(1) 

Cl(1) 55(1)  49(1) 155(1)  2(1) 3(1)  7(1) 

S(1) 63(1)  88(1) 56(1)  -8(1) 12(1)  10(1) 

P(1) 42(1)  44(1) 44(1)  7(1) 10(1)  3(1) 

P(2) 39(1)  51(1) 50(1)  7(1) 10(1)  -1(1) 

N(1) 47(2)  66(2) 67(2)  8(2) 2(2)  -4(2) 

C(1) 64(2)  65(2) 36(2)  5(2) -1(2)  1(2) 

C(2) 81(4)  101(4) 113(4)  -32(3) -10(3)  -10(3) 

C(3) 47(2)  43(2) 49(2)  4(2) 7(2)  6(2) 

C(4) 61(2)  66(2) 54(2)  2(2) 14(2)  -7(2) 

C(5) 80(3)  89(3) 48(2)  -6(2) 20(2)  -2(3) 

C(6) 86(3)  69(3) 66(3)  -16(2) 11(3)  10(2) 

C(7) 84(3)  58(2) 83(3)  -21(2) 8(3)  -9(2) 

C(8) 61(2)  55(2) 66(3)  1(2) 19(2)  -6(2) 

C(9) 45(2)  62(2) 35(2)  7(2) 7(2)  0(2) 

C(10) 61(3)  64(3) 67(3)  -7(2) 12(2)  -12(2) 

C(11) 76(3)  112(4) 76(3)  -18(3) 25(3)  -38(3) 

C(12) 49(3)  168(6) 54(3)  1(3) 6(2)  -30(4) 

C(13) 49(3)  147(5) 74(3)  33(3) 19(2)  17(3) 

C(14) 50(2)  86(3) 71(3)  22(2) 20(2)  13(2) 

C(15) 44(2)  46(2) 51(2)  10(2) 10(2)  0(2) 

C(16) 59(2)  62(2) 63(3)  -3(2) 14(2)  5(2) 

C(17) 71(3)  58(2) 94(4)  -5(2) 26(3)  13(2) 

C(18) 74(3)  72(3) 124(5)  20(3) 20(3)  30(3) 
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  U11            U22             U33        U23               U13          U12 

 

C(19) 79(3)  82(3) 78(3)  14(3) -4(2)  27(3) 

C(20) 63(2)  62(2) 60(2)  9(2) -1(2)  13(2) 

C(21) 54(2)  54(2) 57(2)  6(2) 15(2)  -12(2) 

C(22) 60(3)  78(3) 96(4)  -22(3) 22(2)  -12(2) 

C(23) 108(4)  78(3) 125(5)  -43(3) 47(4)  -32(3) 

C(24) 162(6)  76(4) 79(4)  -26(3) 32(4)  -46(4) 

C(25) 122(5)  72(3) 92(4)  1(3) -38(3)  -26(3) 

C(26) 77(3)  69(3) 82(3)  -1(2) -12(2)  -1(2) 

C(27) 43(2)  57(2) 55(2)  10(2) 16(2)  1(2) 

C(28) 60(3)  77(3) 67(3)  18(2) 9(2)  -14(2) 

C(29) 74(3)  86(3) 107(4)  37(3) 29(3)  -9(3) 

C(30) 73(3)  112(4) 73(3)  40(3) 18(3)  12(3) 

C(31) 82(3)  117(4) 65(3)  20(3) 7(2)  -20(3) 

C(32) 72(3)  85(3) 55(3)  13(2) 8(2)  -19(2) 

C(33) 40(2)  62(2) 47(2)  2(2) 6(2)  4(2) 

C(34) 64(3)  89(3) 101(4)  35(3) 37(3)  14(2) 

C(35) 70(3)  137(5) 107(4)  35(4) 46(3)  30(3) 

C(36) 69(3)  99(4) 82(3)  8(3) 16(2)  35(3) 

C(37) 68(3)  65(3) 91(3)  10(2) 2(3)  10(2) 

C(38) 48(2)  63(3) 74(3)  5(2) 8(2)  -1(2) 

B 

Ag(2) 39(1)  45(1) 41(1)  -2(1) 9(1)  0(1) 

Cl(2) 45(1)  80(1) 50(1)  10(1) -3(1)  -1(1) 

P(3) 42(1)  38(1) 40(1)  0(1) 7(1)  2(1) 

P(4) 39(1)  46(1) 44(1)  0(1) 15(1)  0(1) 

P(5) 38(1)  41(1) 44(1)  -3(1) 10(1)  -7(1) 
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  U11            U22             U33        U23               U13          U12 

 

C(39) 44(2)  43(2) 46(2)  2(2) 3(2)  1(2) 

C(40) 61(2)  50(2) 62(2)  -12(2) 8(2)  -1(2) 

C(41) 74(3)  58(2) 76(3)  -21(2) 4(2)  -5(2) 

C(42) 60(3)  64(3) 102(4)  -4(3) 2(3)  -18(2) 

C(43) 57(3)  81(3) 102(4)  -13(3) 24(2)  -14(2) 

C(44) 49(2)  65(2) 72(3)  -14(2) 15(2)  -5(2) 

C(45) 47(2)  43(2) 46(2)  -4(2) 11(2)  -2(2) 

C(46) 64(2)  76(3) 47(2)  2(2) 16(2)  13(2) 

C(47) 99(4)  102(4) 51(2)  7(2) 29(2)  12(3) 

C(48) 77(3)  102(4) 75(3)  -4(3) 40(3)  -3(3) 

C(49) 66(3)  100(4) 95(4)  -8(3) 39(3)  16(3) 

C(50) 61(2)  63(2) 79(3)  14(2) 22(2)  14(2) 

C(51) 47(2)  44(2) 42(2)  3(2) 9(2)  7(2) 

C(52) 71(3)  57(2) 53(2)  5(2) -4(2)  -14(2) 

C(53) 71(3)  83(3) 68(3)  0(2) -14(2)  -6(2) 

C(54) 75(3)  86(3) 57(3)  3(2) -9(2)  21(3) 

C(55) 73(3)  68(3) 67(3)  23(2) 8(2)  17(2) 

C(56) 53(2)  49(2) 66(2)  11(2) 5(2)  2(2) 

C(57) 37(2)  41(2) 50(2)  4(2) 15(2)  6(1) 

C(58) 52(2)  70(2) 50(2)  9(2) 9(2)  -10(2) 

C(59) 59(2)  82(3) 61(3)  4(2) 0(2)  -13(2) 

C(60) 50(2)  59(2) 89(3)  3(2) 8(2)  -12(2) 

C(61) 61(2)  55(2) 71(3)  7(2) 27(2)  -6(2) 

C(62) 56(2)  48(2) 53(2)  2(2) 20(2)  -1(2) 

C(63) 42(2)  45(2) 61(2)  -3(2) 15(2)  -2(2) 

C(64) 64(3)  51(2) 171(6)  1(3) 60(3)  0(2) 
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  U11            U22             U33        U23               U13          U12 

 

C(65) 72(3)  60(3) 184(6)  -20(3) 59(4)  7(2) 

C(66) 80(3)  46(2) 102(4)  -13(2) 13(3)  10(2) 

C(67) 95(4)  48(2) 93(3)  -2(2) 23(3)  -21(2) 

C(68) 57(2)  49(2) 75(3)  -7(2) 24(2)  -9(2) 

C(69) 47(2)  64(2) 45(2)  1(2) 17(2)  -12(2) 

C(70) 65(3)  89(3) 54(3)  -12(2) 22(2)  -16(2) 

C(71) 85(4)  130(5) 53(3)  -27(3) 25(3)  -46(4) 

C(72) 80(4)  150(6) 56(3)  18(4) -1(3)  -31(4) 

C(73) 81(3)  121(5) 75(4)  23(3) -1(3)  12(3) 

C(74) 68(3)  87(3) 60(3)  3(2) 6(2)  15(2) 

C(75) 58(2)  38(2) 42(2)  -3(2) 15(2)  -6(2) 

C(76)  69(3)  63(3) 75(3)  9(2) 25(2)  -11(2) 

C(77)   110(4)  67(3) 85(3)  6(3) 43(3)  -23(3) 

C(78) 130(5)  53(3) 69(3)  15(2) 23(3)  -13(3) 

C(79) 112(4)  65(3) 69(3)  4(2) -7(3)  16(3) 

C(80) 67(2)  51(2) 61(2)  2(2) 6(2)  -4(2) 

C(81) 40(2)  49(2) 52(2)  -2(2) 13(2)  -6(2) 

C(82) 54(3)  104(4) 82(3)  -42(3) -1(2)  10(2) 

C(83) 55(3)  180(6) 94(4)  -39(4) -12(3)  21(3) 

C(84) 51(3)  123(4) 107(4)  -13(4) 9(3)  31(3) 

C(85) 72(3)  81(3) 84(3)  -12(3) 28(3)  14(2) 

C(86) 50(2)  64(2) 65(3)  -11(2) 14(2)  -2(2) 

C(87) 36(2)  53(2) 53(2)  -10(2) 16(2)  -14(2) 

C(88) 74(3)  62(2) 53(2)  -3(2) 20(2)  -25(2) 

C(89) 103(4)  97(4) 55(3)  -18(3) 34(2)  -38(3) 

C(90) 102(4)  99(4) 74(3)  -44(3) 41(3)  -31(3) 
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  U11            U22             U33        U23               U13          U12 

 

C(91) 75(3)  67(3) 82(3)  -30(3) 21(2)  -8(2) 

C(92) 58(2)  48(2) 67(2)  -11(2) 15(2)  -4(2) 

C(93) 122(6)  155(7) 118(6)  13(5) 12(5)  36(5) 

�(1A) 104(11)  142(16) 170(15)  -122(12) -75(10)  72(11) 

�(1B) 265(15)  224(14) 380(20)  -193(14) -10(13)  112(13) 
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