
Micro Powder Diffraction

Micro Powder Diffraction from a 3 μg Sample of CsAgCu(CN)3

Traditionally, powder diffraction experiments are carried out on dedicated powder diffractometers 
using relatively large amounts of sample (> 20 mg) and long exposure times (for example 15 min). 
Data on samples from Drs. Ann Chippendale and Simon Hibble from the University of Reading 
were collected on a Gemini S Ultra single-crystal CCD diffractometer from Rigaku Oxford 
Diffraction. The Gemini systems uniquely have both molybdenum and copper X-ray sources co-

mounted on the same platform, making them ideal for a range of applications including 
chemical/protein crystallography and powder diffraction. This particular system has the high 
intensity Enhance Ultra X-ray source which is ideally suited for the measurement of powder 
diffraction patterns of very small samples, weighing only a few 10’s of a μg or less.

Experimental 

Samples typically measured at the University of Reading include powder X-ray patterns of residues from thermogravimetric analyses and

crystallites of polycrystalline material from small-scale solvothermal or combinatorial syntheses. Powder X-ray data from air-sensitive

materials can also be collected in sealed capillaries. Data obtained from these measurements is of high enough resolution to allow phase

purity checks along with phase identification, polymorph screening and even Rietveld profile fitting. Here the results of a micro-powder

diffraction study of a 3 μg sample of CsAgCu(CN)3, obtained as a result of thermogravimetric analysis of CsAgCu(CN)3•(H20)1/3, for

comparison with the simulated powder pattern obtained from the single-crystal structure are presented.

Figure 2: Powder ring pattern of CsAgCu(CN)3. 

A 3 μg sample of CsAgCu(CN)3 was mounted on a greased glass

fiber on a Gemini S Ultra diffractometer. The Enhance Ultra X-ray

source provided high intensity copper radiation (c.a. 1.54 Å) to

collect a single powder diffraction image (Figure 2). This

diffraction image was collected in just 240 seconds with a 60

degrees phi rotation and a detector 2-theta offset of 35 degrees.

The 2-theta range of the Sapphire CCD detector used is 0.5–65.5

degrees. However, an extended range of 1–83 degrees would

have been possible using the 135 mm Ruby CCD detector.

Figure 1: The Enhance Source 



20 25 30 35 40 45 50

0

50

100

150

200

250

300

350

 

 

In
te

n
s
it
y



Results
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The collected powder rings (Figure 2) are well resolved and show a

uniform azimuthal intensity distribution thus confirming the lack of

any preferred orientation effects. The experimentally observed

powder pattern shown in Figure 3 was extracted from the diffraction

image in Figure 2 and was found to be in excellent agreement with

the simulated powder pattern obtained from the single-crystal data

collected for CsAgCu(CN)3 (P 6122; a = 7.244(1), c = 24.609(1) Å).

These results clearly identified the product formed in the

thermogravimetric analysis. The material itself is interesting as it is

one of the first examples of a mixed copper(I) silver(I) cyanide. The

structure consists of three identical Cu-Ag-CN networks, which

interpenetrate each other. Each network contains –(CuCN)– chains

coiled into helices and linked through linear Ag(CN)2 units. All the

helices have the same handedness and the structure is chiral.

Figure 3: Observed and simulated powder diffraction pattern of CsAgCu(CN)3. 
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Figure 5: View along the c axis of one of the three 

identical AgCu(CN)3 networks showing helical coiled 

chains of –(CuCN)–

(Cu black, disordered C, N cyan) linked by ordered 

Ag(CN)2 units (Ag pink, C green, N blue). 

Figure 4: The crystal structure of CsAgCu(CN)3 along the c-

axis showing the location of the Cs cations. 
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