
NOTE	1:	Recipe	to	resolve	structure	from	a	diffraction	experiment.	
	

	

	
Figure	1.		
This	 is	 the	 x-ray	 diffraction	 data	
taken	 on	 new	 high	 temperature	
Sulfur	 Deuteride	 superconductor	
[see	Nature	525,	73–76	(2015)].	 	At	
ambient	 pressure	 this	 material	 is	 a	
toxic	 gas	 that	 crystalize	 under	 high	
pressure.	The	pressure	conditions	of	
this	experiment	are	indicated	in	the	
figure	that	shows	diffracted	intensity	
versus	scattering	angle	2𝜃.			
This	 figure	 is	 taken	 from	
http://arxiv.org/abs/1509.03156	
	

	
TASK:	
What	crystal	structure	does	Sulfur	Deuteride	have	under	high	pressure?	
	
STEP	1:	Complete	table	1		
	
Table	1:	The	plane	distance	d	=	2𝜋/ ℎ' + 𝑘' + 𝑙'	for	different	Miller	indices	(ℎ𝑘𝑙)	and	
the	structure	factor	S	for	different	structures.			
Index	i	 (hkl)	 d	(2𝜋)	 Structure	Factor	SBCC	 SFCC	 SDIAMOND	

1	 (100)	 1	 =	0	 	 	
2	 (110)	 1/ 2	 ≠ 0	 	 	
3	 (111)	 1/ 3	 =	0	 	 	
4	 (200)	 1/2	 ≠ 0	 	 	
5	 (210)	 1/5	 =	0	 	 	
6	 (211)	 1/ 6	 ≠ 0	 	 	
7	 (220)	 1/ 8	 ≠ 0	 	 	
8	 (221)	 1/3	 =	0	 	 	
9	 (300)	 1/3	 =	0	 	 	
10	 (310)	 1/ 10	 ≠ 0	 	 	
11	 (311)	 1/ 11	 =	0	 	 	
12	 (400)	 1/4	 ≠ 0	 	 	

	
STEP	2:	Consider	Bragg’s	Law	-	𝑛𝜆 = 2𝑑	𝑠𝑖𝑛(𝜃)	-	where	n	is	an	integer,	𝜆	is	the	x-ray	wave	
length	and	d	is	the	plane	distance	and	2𝜃	is	the	scattering	angle.	Now	since	𝑛𝜆	is	the	same	
for	all	the	peaks	measured,	we	have		
	

Figure 2. Pressure dependence of XRD patterns in sulfur hydride and sulfur deuteride systems. a, Pressure
dependence in decreasing pressure of XRD patterns in pressurized sulfur hydride at room temperature. Upper (red) and lower
(green) ticks indicates the peak position of predicted bcc structure and b -Po elemental sulfur, respectively. The peaks marked
with dot and open triangle, and star are undefined minor phase. Open circles indicate the reflection from other high pressure
phase. b, Pressure dependence in decreasing pressure of XRD patterns in pressurized sulfur deuteride at room temperature.
Upper (red) and lower (green) ticks indicates the peak position of predicted bcc structure and b -Po structural elemental sulfur,
respectively. The peaks marked with star are undefined peak. Dot and open circle indicate the reflection from other high
pressure phase. c, Pressure dependence of the atomic volume of sulfur hydride and deuteride which are marked with solid and
open symbol, respectively. Experimentally obtained data are fit with first-order Birch EOS indicated with the black solid line
(increasing process) and dotted line (all). The theoretical predicted volumes of hexagonal (R3m) and bcc (Im-3m) structures are
shown in solid square (⌅) and triangle (N) with broken line, respectively.3 d, Pressure dependence of the normalized volume
V /V0 in b -Po structural elemental sulfur (⌅, ⇤). Broken line indicates the simulated V /V0 which contains 1/27 hydrogen atoms
per a sulfur atom in the present work. Close circle indicates the experimentally obtained volume and solid line is the fitting
curve with first-order Birch EOS with B0 = 30.6 GPa, B0’ = 6, V0 = 25.64 Å3 in ref.7
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𝑑(1)
𝑑(𝑃𝑁) =

sin	[𝜃 𝑃𝑁 ]
sin 𝜃 1 	

	
where	PN	means	“Peak	Number”.	The	first	peak	(from	left)	in	Fig.	1	has	PN=	1	and	so	forth.		
Now	we	can	read-off	the	peak	positions	(in	2𝜃)	of	the	peaks	indicated	by	small	read	bars.	
	
Table	2:	Column	with	PN	and	2𝜃	is	derived	from	Figure	1.	Column	3	is	derived	from	column	
2.	The	ratios	d(1)	/	d(PN)	[BCC]	and	d(1)	/	d(PN)	[FCC]	can	be	derived	from	Table	1.		
Peak	Number	

(PN)	
2𝜃	(Degrees)	 Sin[𝜃(PN)]	

Sin[𝜃	(PN = 1)]	
𝑑(1)
𝑑(𝑃𝑁) [𝐵𝐶𝐶]	

𝑑(1)
𝑑(𝑃𝑁) [𝐹𝐶𝐶]	

1	 11	 1	 1	 	
2	 15.7	 1.4	 2	 	
3	 19.2	 1.7	 3	 	
4	 22.1	 2	 2	 	
5	 24.9	 2.25	 10	 	

	
Conclusion:	The	BCC	structure	explains	quite	well	the	observed	data.	One	should	however	
exclude	that	other	structures	(for	example	FCC	and	diamond-structure)	are	not	providing	and	
equally	good	agreement.			


