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X-ray single crystal structure analysis has proved to be a powerful tool for the characterisation of 
unknown chemical compounds, especially paramagnetic and chiral substances. Presently tens of 
thousands of novel chemical compounds are being synthesized every year and of these only 
severalthousand new small molecule crystal structures are entered into the Cambridge Crystal 
Structure Database (CSD) [1] annually. Many of the new substances prepared form crystals that are 
too small (1-30 µm) to be investigated by using conventional laboratory X-ray sources, which 
currently deliver around 2-5 × 1011 photons/s/mm2. The scientific case has been made for the 
creation of the Chemical Crystallography beamline P24 for applications in the field of time-
resolved crystallography, charge-density studies, phase transitions, photocrystallography, solid state 
chemistry and crystallisation. The object of the current experiment was to determine the crystal 
structures of a series of previously unknown chemical compounds on the P11 beamline, with a view 
to using the results to provide suggestions for fine tuning of the new P24 beamline, which is in its 
final design phase.  

In a 24 hour period, 37 samples were investigated, of which 18 were transported in a dry shipper. In 
order to combine adequate resolution with good peak separation for unit cells in the range 1000-
4000 Å2, a wavelength of 0.6199 Å (20.03 keV) was chosen. The source brilliance at the sample 
was 1.7 × 1012 photons/s (200 µm diameter pinhole). The primary beam intensity was monitored 
continuously and archived during the experiment. The P11 X-ray optics consisted of a liquid N2-
cooled double-crystal monochromator (Si 111 and Si 113) and of two horizontal deflecting and one 
vertical deflecting X-ray mirror. A sample to detector distance of ca. 137 mm to the Pilatus 
6M_fast-0109 detector meant that intensity data could be collected to a maximum 2θ of ca. 57°. 
The 20-bit dynamic range of the detector allowed the collection of weak high-order and stronger 
low-order reflections at the same time in one run. Data were collected using 50, 100 and 200 µm 
diameter pinholes depending on the crystal size at 100 K, using an open-flow nitrogen cryostat in 
order to reduce thermal motion and improve the signal-to-noise ratio. In addition, two data sets 
were collected at 4.5-7.5 K (nozzle temperature) using a cooled helium gas cryostat. Crystals were 
rotated by 360° in steps of 2° with an exposure time of 2-10s per frame using the crystallography 
control GUI at P11. Due to the limitations of the single circle goniometer, crystals were measured 
at two or more orientations, in order to obtain full reciprocal space coverage. Intensity data were 
integrated using the program XDS [2]. Crystal structures were determined using the program 
SHELXS and refined using the program SHELXL [3].  

Below is a selection of results that were obtained during the 24 hour measuring period. They 
include the determination of the crystal structure of a compound that occurs as very fine needles 
and one as small blocks, a compound that is unstable at room temperature, the structure 
determination of a paramagnetic compound and an absolute structure determination.  

(1) C22H26CoN2O8, Mr = 505.4, crystal size 0.009 × 0.012 × 0.200 mm2, a = 4.3415(9), b = 
22.188(4), c = 22.704(6) Å, T = 100(2) K, orthorhombic, space group P212121, λ = 0.61992 Å, 
35516 measured reflections, 1.12° < θ < 28.61°, Rint = 0.077, 8396 independent reflections, 5347 
with I > 2σ(I), Friedel fraction max 0.997, Friedel coverage 0.739, racemic twin, hydrogen atoms 



refined using a riding model, 303 parameters, R1 = 0.0732 [I > 2σ(I)], wR2 = 0.2558, S = 1.029, 
residual electron density -1.78, 3.23 e/Å³ (0.65 Å, 0.76 Å from Co1). 

(2) C16H14O5, Mr = 286.3, crystal size 0.005 × 0.025 × 0.032 mm2, a = 16.566(3), b = 7.5009(15), c 
= 21.041(4) Å, T = 100(2) K, orthorhombic, space group Pbca, λ = 0.61992 Å, 126051 measured 
reflections, 2.73° < θ < 28.56°, Rint = 0.064, 4985 independent reflections, 4045 reflections with I > 
2σ(I), Laue coverage 0.998, hydrogen atoms refined using a riding model, 195 parameters, R1 = 
0.0453 [I > 2σ(I)], wR2 = 0.1324, S = 1.049, residual electron density min., max. -0.31, 0.37 e/Å³. 

(3) C31H24INS, Mr = 569.5, crystal size 0.022 × 0.035 × 0.048 mm2, a = 11.675(2), b = 8.0277(16), 
c = 13.098(3) Å, β = 103.86(3)°, T = 100(2) K, monoclinic, space group P21, λ = 0.61993 Å, 42007 
measured reflections, 1.40° < θ < 28.61°, Rint = 0.061, 9124 independent reflections, 8866 
reflections with I > 2σ(I), Friedel fraction max 0.988, Friedel coverage 0.880, hydrogen atoms 
refined using a riding model, 310 parameters, R1 = 0.0412 [I > 2σ(I)], wR2 = 0.1009, Flack 
parameter (4058 quotients) [4] 0.038(5), S = 1.095, residual electron density min., max. -1.84, 1.47 
e/Å³ (1.18 Å, 0.67 Å from I1). 

(4) C24H32O8, Mr = 448.5, crystal size 0.008 × 0.009 × 0.012 mm2, a = 8.9086(18), b = 8.9448(18), 
c = 29.157(6) Å, α = 93.72(3), β = 91.69(3), γ = 90.20(3)°, T = 100(2) K, triclinic, space group P-1, 
λ = 0.61992 Å, 86672 measured reflections, 0.61° < θ < 28.57°, Rint = 0.048, 17637 independent 
reflections, 15612 reflections with I > 2σ(I), Laue coverage 0.992, hydrogen atoms refined using a 
riding model, 585 parameters, R1 = 0.0446 [I > 2σ(I)], wR2 = 0.1297, S = 1.043, residual electron 
density min., max. -0.40, 0.48 e/Å³. 

(5) C17H19Cl2CuN3O, Mr = 415.8, crystal size 0.007 × 0.012 × 0.015 mm2, a = 8.5136(17), b = 
14.204(3), c = 13.938(6) Å, β = 97.44(3)°, T = 100(2) K, monoclinic, space group P21/n, λ = 
0.61992 Å, 57334 measured reflections, 1.79° < θ < 28.74°, Rint = 0.039, 6468 independent 
reflections, 5401 reflections with I > 2σ(I), Laue coverage 0.998, hydrogen atoms refined using a 
riding model, 218 parameters, R1 = 0.1069 [I > 2σ(I)], wR2 = 0.2938, S = 1.069, residual electron 
density min., max. -2.10, 3.10 e/Å³. 

We conclude that using the experimental conditions described above, the P11 beamline is capable 
of producing comprehensive and accurate single crystal intensity data from a wide range of 
chemical compounds that only crystallise as small crystals or powders. Since it is standard practice 
to collect data sets with complete coverage in reciprocal space to a resolution of ca. 0.8 Å, crystals 
had to be remounted in different orientations. This could be avoided using a goniometer with more 
than one degree of freedom, as has been purchased for P24. The use of a cooled helium cryostat 
during the measuring period illustrated the viability of changing cryostats during the measuring 
period to allow identification of phase changes and in electron density studies at well below liquid 
nitrogen temperatures. The experiments showed the feasibility of measuring a large number of 
different chemical compounds in rapid succession and thus opened the possibility of providing the 
solution to a wide range of chemical problems in a very short timescale. Routine crystal structure 
determination of crystals with a diameter in the range of 1-10 µm still remain a challenge. 
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