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Table 1. Crystal Data and Structure Refinement for (C4N2H11) ZrGe4O10F2 (FDZG-1)

	
	FDZG-1

	Empirical formula
	(C4N2H12)ZrGe4O10F2 

	Formula weight
	667.74

	Temperature
	293(2) K

	Wavelength
	0.71073 Å

	Crystal system
	Monoclinic 

	Space group
	C2/c

	Unit cell dimensions
	A = 17.725(5) Å   α = 90°

	
	B = 10.149(3) Å   β= 120.720(2) °

	
	C = 9.547(3) Å   γ = 90°

	Volume, Z
	1476.4(7) Å3, 4

	Density(calculate)
	3.004 Mg/m3

	Absorption coefficient
	8.808 mm-1

	F(000)
	1264

	Crystal size
	0.08 x 0.05 x 0.05 mm

	Θ range for data collection
	2.41 to 27.14°

	Limiting indices
	-22≤h≤22, -8≤k≤13, -12≤l≤12

	Reflections collected / unique
	3590 / 1619 （Rint = 0.0191）

	Completeness to Θ= 27.14°     
	98.8 %

	Max. and min. transmission   
	0.6671 and 0.5392

	Refinement method 
	Full-matrix least-squares on F2

	Data / restraints / parameters 
	1619 / 0 / 123

	Goodness-of-fit on F2 
	1.171

	Final R indices [I>2sigma(I)] 
	R1a = 0.0284, wR2b = 0.0772

	R indices (all data) 
	R1 = 0.0298, wR2 = 0.0780

	Largest diff. peak and hole 
	1.234 and -1.118 e. Å -3


aR1= Fo| – |Fc||/|Fo|.   bwR2=[w(Fo2 - Fc2)2/[w(Fo2)21/2, where w=1/[σ2(Fo2) +(0.0302P)2 + 5.74P] with P =(max Fo2 + 2Fc2)/3.
Table 2. Atomic Coordinates and Equivalent Isotropic Displacement Parameters for (C4N2H12) ZrGe4O10F2 (FDZG-1)

	atom
	X
	Y
	Z
	Ueqa

	Zr(1)
	0.5000
	0.2184(1)
	0.7500
	12(1)

	Ge(1)
	0.3096(1)
	0.0683(1)
	0.4511(1)
	11(1)

	Ge(2)
	0.2033(1)
	0.3167(1)
	0.2608(1)
	12(1)

	O(1)
	0.2680(2)
	0.1779(3)
	0.2876(4)
	18(1)

	O(2)
	0.2544(2)
	0.0961(3)
	0.5561(4)
	17(1)

	O(3)
	0.2797(2)
	-0.0912(3)
	0.3754(4)
	17(1)

	O(4)
	0.4215(2)
	0.0815(3)
	0.5756(4)
	21(1)

	O(5)
	0.4052(2)
	0.2236(3)
	0.8191(4)
	19(1)

	F(1)
	0.4472(2)
	0.3621(4)
	0.5837(7)
	73(2)

	C(1)
	0.4244(3)
	0.2248(5)
	0.2241(6)
	28(1)

	C(2)
	0.4168(6)
	0.3642(10)
	0.1694(12)
	23(2)

	C(3)
	0.5683(6)
	0.3747(10)
	0.2249(13)
	24(2)

	N(1)
	0.5243(5)
	0.1915(8)
	0.3431(9)
	21(2)

	N(2)
	0.4719(5)
	0.3982(7)
	0.1001(9)
	20(2)


a Ueq (Å2103) is defined as third of the trace of the orthogonalized Uij tensor.
Table 3. Selected Bond Lengths (Å) and Angles (°) for (C4N2H12) ZrGe4O10F2

	Zr(1)-F(1)
	2.001(3)
	Ge(2)-O(3)c
	1.749(3)

	Zr(1)-O(4)
	2.067(3)
	Ge(2)-O(1)
	1.751(3)

	Zr(1)-O(5)
	2.097(3)
	C(1)-N(1) e
	1.396(9)

	Ge(1)-O(4)
	1.719(3)
	C(1)-C(2)
	1.490(11)

	Ge(1)-O(3)
	1.741(3)
	C(1)-N(1)
	1.576(9)

	Ge(1)-O(1)
	1.744(3)
	C(1)-C(3)e
	1.582(11)

	Ge(1)-O(2)
	1.745(3)
	C(2)-N(2)
	1.474(11)

	Ge(2)-O(5)b
	1.716(3)
	C(3)-N(2)
	1.522(11)

	F(1)a-Zr(1)-F(1)
	86.4(4)
	O(1)-Ge(1)-O(2)
	107.80(15)

	F(1)a-Zr(1)-O(4)
	168.11(13)
	O(5)b-Ge(2)-O(3)c
	112.08(15)

	F(1)-Zr(1)-O(4)
	90.06(19)
	O(5)b-Ge(2)-O(2)b
	112.08(14)

	F(1)-Zr(1)-O(4)a
	168.11(13)
	O(3)c-Ge(2)-O(2)b
	108.89(15)

	O(4)-Zr(1)-O(4)a
	95.55(19)
	O(5)b-Ge(2)-O(1)
	112.00(15)

	F(1)a-Zr(1)-O(5)
	81.80(14)
	O(3)c-Ge(2)-O(1)
	100.93(14)

	F(1)-Zr(1)-O(5)
	96.08(14)
	O(2)b-Ge(2)-O(1)
	110.29(14)

	O(4)-Zr(1)-O(5)
	87.29(12)
	Ge(1)-O(1)-Ge(2)
	126.16(17)

	O(4)a-Zr(1)-O(5)
	94.65(12)
	Ge(1)-O(2)-Ge(2)b
	125.17(17)

	F(1)a-Zr(1)-O(5)a
	96.08(14)
	Ge(1)-O(3)-Ge(2)d
	132.36(17)

	F(1)-Zr(1)-O(5)a
	81.80(14)
	Ge(1)-O(4)-Zr(1)
	132.36(18)

	O(4)-Zr(1)-O(5)a
	94.65(12)
	Ge(2)b-O(5)-Zr(1)
	138.56(17)

	O(5)-Zr(1)-O(5)a
	177.12(18)
	C(2)-C(1)-N(1)
	108.9(5)

	O(4)-Ge(1)-O(3)
	111.03(15)
	N(1) -C(1)e -C(3)
	113.9(6)

	O(4)-Ge(1)-O(1)
	112.36(15)
	N(2)-C(2)-C(1)
	114.6(7)

	O(3)-Ge(1)-O(1)
	108.77(14)
	N(2)-C(3)-C(1)e
	105.9(7)

	O(4)-Ge(1)-O(2)
	112.16(15)
	C(1)-N(1)-C(1)e
	111.8(5)

	O(3)-Ge(1)-O(2)
	104.34(14)
	C(2)-N(2)-C(3)
	110.4(7)

	
	
	
	


Symmetry transformations used to generate equivalent atoms: 

a (-x+1,y,-z+3/2)    b (-x+1/2,-y+1/2,-z+1)     

c (-x+1/2,y+1/2,-z+1/2)    d (-x+1/2,y-1/2,-z+1/2)     

e (-x+1,y,-z+1/2)     
Figure 1. SEM image of FDZG-1 single crystals

[image: image1.jpg]AceV. Spot Magn
20050 1000¢





�








