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School of Chemistry, University of St. Andrews, Purdie Building, St. Andrews KY16 9ST

Rietveld refinement of the pure Ga-cyclam-GaPO and 20% copper substituted cyclam-GaPO was carried out as described in the text of the paper.  Soft constraints were used to restrain the known structural features of the system. The final atomic coordinates from the refinement of Ga-cyclam-GaPO agrees with the original single crystal structure reasonably well. As expected for powder data versus single crystal data there is a much larger spread of bond angles and distances, and a lowering of the precision of the structure. However the geometry of the structure as a whole is reproduced reasonably well. For the Cu-cyclam-GaPO refinement the copper was sited exclusively on the octahedral site in agreement with the ESR study. 

Table S.1 Fractional atomic coordinates, U(iso) and selected bond distances and angles for Ga-cyclam Gapo 


x
y
z
Uiso

Ga(1)
0.8566(8)
0.247(1)
0.7317(7)
0.047(2)

Ga(2)
1.0340(9)
-0.020(1)
0.636(5)
0.047(2)

Ga(3)
1.000000
0.500000
0.500000
0.047(2)

P(4)
0.033(2)
0.279(2)
0.616(1)
0.052(8)

P(5)
0.829(2)
-0.036(2)
0.730(2)
0.052(8)

O(1)
0.790(3)
0.124(4)
0.724(3)
0.068(9)

O(2)
0.126(3)
-0.095(4)
0.700(2)
0.068(9)

O(3)
0.054(4)
-0.134(4)
0.562(2)
0.068(9)

O(4)
0.919(3)
0.300(5)
0.650(2)
0.068(9)

O(5)
0.759(3)
0.386(4)
0.694(3)
0.068(9)

O(6)
1.050(4)
0.152(4)
0.601(2)
0.068(9)

O(7)
0.914(3)
-0.071(4)
0.659(2)
0.068(9)

O(8)
1.062(3)
0.373(4)
0.553(2)
0.068(9)

O(9)
0.890(3)
0.310(4)
0.823(2)
0.068(9)

F(1)
1.000000
0.121(3)
0.750000
0.05(2)

N(1)
0.910(4)
0.387(6)
0.428(3)
0.033(5)

N(2)
1.128(4)
0.452(6)
0.430(3)
0.033(5)

C(1)
1.217(3)
0.460(5)
0.461(3)
0.019(1)

C(2)
0.975(4)
0.371(5)
0.365(2)
0.019(1)

C(3)
1.087(4)
0.360(5)
0.382(3)
0.019(1)

C(4)
0.810(2)
0.403(4)
0.425(2)
0.019(1)

C(5)
1.243(2)
0.581(4)
0.502(2)
0.019(1)

Ga(1)-O(9)
1.900(7)

Ga(1)-O(4)
1.836 (8)

Ga(1)-O(1)
1.889(17)

Ga(1)-O(5)
1.955(7)

Ga(1)-F(1)
2.334(7)

Ga(2)-O(6)
1.876(7)

Ga(2)-O(3)
1.870(8)

Ga(2)-O(7)
1.861(7)

Ga(2)-O(2)
1.888(8)

Ga(3)-O(8)
1.854(6)

Ga(3)-N(2)
2.05083(4)

Ga(3)-N(1)
2.05695(3)

P(4)-O(8)
1.550(9)

P(4)-O(6)
1.550(32)

P(4)-O(9)#2
1.550(8)

P(4)-O(4)
1.662(28)

P(5)-O(5)#3
1.625(12)

P(5)-O(2)#2
1.617(10)

P(5)-O(7)
1.77(4)

P(5)-O(1)
1.792(23)

N(1)-C(4)
1.483(5)

N(1)-C(2)
1.493(6)

N(2)-C(1)
1.487(6)

N(2)-C(3)
1.490(6)

C(1)-C(5)
1.516(6)

C(2)-C(3)
1.517(7)

C(4)-C(5)#1
1.523(7)




O(9)-Ga(1)-O(4)
110.5(6)

O(9)-Ga(1)-O(1)
105.9(8)

O(4)-Ga(1)-O(1)
139.8(10)

O(9)-Ga(1)-O(5)
103.7(5)

O(4)-Ga(1)-O(5)
84.6(9)

O(1)-Ga(1)-O(5)
103.1(6)

O(9)-Ga(1)-F(1)
81.7(4)

O(4)-Ga(1)-F(1)
83.8(4)

O(1)-Ga(1)-F(1)
85.0(4)

O(5)-Ga(1)-F(1)
168.4(8)

O(6)-Ga(2)-O(3)
108.7(6)

O(6)-Ga(2)-O(7)
118.3(2)

O(3)-Ga(2)-O(7)
103.3(2)

O(6)-Ga(2)-O(2)
126.2(9)

O(3)-Ga(2)-O(2)
98.1(14)

O(7)-Ga(2)-O(2)
114.1(2)

O(8)-Ga(3)-O(8)#1
180.0(2)

O(8)-Ga(3)-N(2)
86.7(9)

O(8)#1-Ga(3)-N(2)
93.3(9)

N(2)#1-Ga(3)-N(2)
180.000(1)

O(8)-Ga(3)-N(1)#1
89.4(15)

O(8)#1-Ga(3)-N(1)#1
90.6(15)

N(2)-Ga(3)-N(1)#1
94.358(2)

N(2)-Ga(3)-N(1)
85.642(6)

O(8)-P(4)-O(6)
116.1(20)

O(8)-P(4)-O(9)#2
108.0(23)

O(6)-P(4)-O(9)#2
101.2(20)

O(8)-P(4)-O(4)
108.4(17)

O(6)-P(4)-O(4)
125.8(17)

O(9)#2-P(4)-O(4)
92.6(15)

O(5)#3-P(5)-O(2)#2
116.9(12)

O(5)#3-P(5)-O(7)
88.59(12)

O(2)#2-P(5)-O(7)
103.1(13)

O(5)#3-P(5)-O(1)
114.3(12)

O(2)#2-P(5)-O(1)
122.1(11)

O(7)-P(5)-O(1)
103.4(9)

P(5)-O(1)-Ga(1)
116.7(8)

P(5)#2-O(2)-Ga(2)
110.3(12)

P(4)-O(4)-Ga(1)
134.7(7)

P(5)#4-O(5)-Ga(1)
134.1(11)

P(4)-O(6)-Ga(2)
129.6(16)

P(5)-O(7)-Ga(2)
115.8(11)

P(4)-O(8)-Ga(3)
145.3(21)

P(4)#2-O(9)-Ga(1)
129.7(8)

Ga(1)#2-F(1)-Ga(1)
113.7(2)

C(4)-N(1)-C(2)
112.8(3)

C(4)-N(1)-Ga(3)
117.5(3)

C(2)-N(1)-Ga(3)
105.7(3)

C(1)-N(2)-C(3)
113.7(4)

C(1)-N(2)-Ga(3)
115.1(3)

C(3)-N(2)-Ga(3)
106.8(3)

N(2)-C(1)-C(5)
110.2(4)

N(1)-C(2)-C(3)
108.0(4)

N(2)-C(3)-C(2)
108.0(4)

N(1)-C(4)-C(5)#1
112.2(4)

C(1)-C(5)-C(4)#1
114.4(4)

Table S.2 Fractional atomic coordinates, U(eq) and selected bond distances and angles for Cu(20%)-cyclam Gapo


x
y
z
Uiso

Ga(1)
0.8574(6)
0.2469(9)
0.7321(6)
0.011(3)

Ga(2)
1.0319(7)
-0.0252(8)
0.6380(4)
0.011(3)

Cu(3)
1.0000
0.5000
0.5000
0.025(5)

P(4)
1.0272(18)
0.2792(18)
0.6162(10)
0.031(7)

P(5)
0.8302(13)
-0.0457(18)
0.7295(13)
0.031(7)

O(1)
0.7939(20)
0.0950(23)
0.7278(26)
0.068(9)

O(2)
1.1218(27)
-0.0950(30)
0.7019(16)
0.068(9)

O(3)
1.0575(30)
-0.129(4)
0.5530(14)
0.068(9)

O(4)
0.9221(27)
0.298(4)
0.6509(19)
0.068(9)

O(5)
0.7602(28)
0.3682(33)
0.7033(25)
0.068(9)

O(6)
1.0501(32)
0.1323(23)
0.6022(15)
0.068(9)

O(7)
0.9040(22)
-0.064(4)
0.6646(18)
0.068(9)

O(8)
1.0765(24)
0.3371(33)
0.5479(20)
0.068(9)

O(9)
0.8965(28)
0.308(4)
0.8187(17)
0.068(9)

F(1)
1.0000
0.1289(14)
0.7500
0.01(2)

N(1)
0.9211(30)
0.393(5)
0.4325(23)
0.004(9)

N(2)
1.1178(28)
0.455(5)
0.4341(23)
0.004(9)

C(1)
1.215(4)
0.466(6)
0.4576(30)
0.004(9)

C(2)
0.969(4)
0.398(5)
0.3806(27)
0.004(9)

C(3)
1.090(4)
0.361(6)
0.3850(32)
0.004(9)

C(4)
0.811(4)
0.402(6)
0.4314(30)
0.004(9)

C(5)
1.2411(34)
0.575(6)
0.5033(33)
0.004(9)

Ga(1)-O(9)
1.795(22)

Ga(1)-O(4)
1.809(23)

Ga(1)-O(1)
1.808(21)

Ga(1)-O(5)
1.895(26)

Ga(1)-F(1)
2.297(9)

Ga(2)-O(6)
1.798(22)

Ga(2)-O(3)
1.937(24)

Ga(2)-O(7)
1.823(22)

Ga(2)-O(2)
1.834(22)

Cu(1)-O(8)
2.179(12)

Cu(1)-N(2)
2.042(32)

Cu(1)-N(1)
1.976(33)

P(4)-O(8)
1.543(12)

P(4)-O(6)
1.593(26)

P(4)-O(9)#2
1.602(26)

P(4)-O(4)
1.556(25)

P(5)-O(5)#3
1.583(26)

P(5)-O(2)#2
1.508(25)

P(5)-O(7)
1.560(24)

P(5)-O(1)
1.555(25)

N(1)-C(4)
1.48(5)

N(1)-C(2)
1.15(6)

N(2)-C(1)
1.37(5)

N(2)-C(3)
1.39(5)

C(1)-C(5)
1.47(5)

C(2)-C(3)
1.66(5)

C(4)-C(5)#1
1.41(5)




O(9)-Ga(1)-O(4)
119.2(16)

O(9)-Ga(1)-O(1)
119.3(17)

O(4)-Ga(1)-O(1)
116.9(17)

O(9)-Ga(1)-O(5)
102.0(19)

O(4)-Ga(1)-O(5)
84.0(16)

O(1)-Ga(1)-O(5)
105.0(15)

O(9)-Ga(1)-F(1)
79.8(11)

O(4)-Ga(1)-F(1)
83.3(11)

O(1)-Ga(1)-F(1)
85.4(10)

O(5)-Ga(1)-F(1)
166.3(14)

O(6)-Ga(2)-O(3)
101.3(15)

O(6)-Ga(2)-O(7)
120.9(16)

O(3)-Ga(2)-O(7)
100.2(13)

O(6)-Ga(2)-O(2)
117.4(11)

O(3)-Ga(2)-O(2)
100.2(13)

O(7)-Ga(2)-O(2)
112.92(1)

O(8)-Cu(1)-O(8)#1
180.0(2)

O(8)-Cu(1)-N(2)
78.678(2)

O(8)#1-Cu(1)-N(2)
101.322(2)

N(2)#1-Cu(1)-N(2)
180

O(8)-Cu(1)-N(1)#1
101.734(2)

O(8)#1-Cu(1)-N(1)#1
78.266(2)

N(2)-Cu(1)-N(1)#1
84.7(13)

N(2)-Cu(1)-N(1)
95.3(19)

O(8)-P(4)-O(6)
99.6(20)

O(8)-P(4)-O(9)#2
105.3(26)

O(6)-P(4)-O(9)#2
100.3(20)

O(8)-P(4)-O(4)
132.0(19)

O(6)-P(4)-O(4)
111.5(24)

O(9)#2-P(4)-O(4)
104.1(21)

O(5)#3-P(5)-O(2)#2
112.5(22)

O(5)#3-P(5)-O(7)
100.4(24)

O(2)#2-P(5)-O(7)
109.3(21)

O(5)#3-P(5)-O(1)
107.3(21)

O(2)#2-P(5)-O(1)
118.4(29)

O(7)-P(5)-O(1)
107.4(27)

P(5)-O(1)-Ga(1)
133.6(19)

P(5)#2-O(2)-Ga(2)
132.7(19)

P(4)-O(4)-Ga(1)
137.1(21)

P(5)#4-O(5)-Ga(1)
145.3(31)

P(4)-O(6)-Ga(2)
143.6(21)

P(5)-O(7)-Ga(2)
140.4(20)

P(4)-O(8)-Cu(1)
106.35(5)

P(4)#2-O(9)-Ga(1)
141.5(21)

Ga(1)#2-F(1)-Ga(1)
113.59(4)

C(4)-N(1)-C(2)
123.0(5)

C(4)-N(1)-Cu(1)
120.4(33)

C(2)-N(1)-Cu(1)
101.6(34)

C(1)-N(2)-C(3)
121.0(4)

C(1)-N(2)-Cu(1)
121.5(31)

C(3)-N(2)-Cu(1)
110.1(28)

N(2)-C(1)-C(5)
118.0(5)

N(1)-C(2)-C(3)
120.0(5)

N(2)-C(3)-C(2)
97.0(4)

N(1)-C(4)-C(5)#1
119.0(5)

C(1)-C(5)-C(4)#1
120.0(5)
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