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Data Collection Strategy :  Goals

• 100 % completeness 
– to 0.76Å or 0.65 Å-1 (55o 2q Mo)

– to 0.89Å or 0.56 Å-1 (120o 2q Cu)

• High Redundancy   
– 3 to 4 reflections/indices

• High I/s(I) value
• Optimized Data Collection Time
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Ewald’s Sphere

crystal

When the reciprocal lattice 
point crosses the sphere 
(rotating around q) then 
Bragg’s equation is satisfied
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Crystal must move!
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Structure Determination from a Single Crystal

• Three-Dimensional Information
• Order : symmetry

– Symmetry reduces a large 
problem to a small reproducible 
problem

– The structure is determined for a 
small volume of the solid (unit 
cell) and then repeated 
(translation) 

Radial : 2� , d

Spatial
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Single-Crystal to Powder
Single-Crystal
(radial + spatial)
(single orientation)

Polycrystalline
(preferred orientations)

Powder
(radial)
(random orientations)
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One Circle Diffractometer

Polycrystalline sample
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Two Circle Diffractometer

2q

f

collimator

“bow tie”

You must move the crystal to see the reflections!
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Three Circle Diffractometer
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w

Note : “sweep” angle < 180o
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Limitations of a 3 circle diffractometer

“sweep angle” is dependent on 
detector distance

The coverage area decreases with 
increasing detector distance

“bow tie” region



5/24/03
Department of Chemistry
Texas A & M University

Data Collection 

• Frame Set

2q w f c axis   width   #frame    time
-28  -28   0   54.7   2      -0.3        600        10

Bragg setting angle : 2q
Spatial angles : w f c
Scan mode :  2 = omega :  3 = phi
Width : frame width 
Time :  secs
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Two Theta Setting Angle
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Resolution Limits 
• Resolution to 0.7Å (55o 2q)
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W = 1/2detector width :  D = sample to detector distance
W = 26 (SMART1000),  29(APEX),    42(GADDS) mm

Distance 2q(set) 2q(min) 2q(max)
50 -28 0.525545 55.47445

100 -15 0.425771 29.57423
100 -41 26.42577 55.57423
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%Hemisphere Coverage

c = 90o

c = 0o

c = 54.7o

35.3o

D

2Y

Phi axis
Limit

“Bow Tie”

“Bow Tie”
�
�

	


�

�
�
�

�
�
�

�-´= -

D
Y

eBowTieAngl 1tan3.352

100
360

100% ´�
�

�
�
�

�-=
o

eBowTieAngl
CoverageHemisphere

84

86

88

90

92

94

96

98

100

102

35 55 75 95 115 135

Sample to Detector Distance (mm)

%
 C

ov
er

ag
e

detector



5/24/03
Department of Chemistry
Texas A & M University

Scan Modes

Omega Scan

wPhi Scan

For a three circle diffractometer there are two ways to move the crystal
Height defined by the chi angle (which is fixed!)

f
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Omega Vs. Phi Scan Mode

The height is not “determined” on  a three circle 
diffractometer  (chi angle is fixed)

Crystal centering (position) is important!
� Each omega scan has the same relative height

� Omega Scans are “height” insensitive
� Errors in positioning are compensated by scaling data

� Phi scans are not limited by instrument geometry

Use omega scans unless instrument geometry limits accessibility.
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Frame  Width : 

• Sweep angle =  number of frames * frame width 
• Sweep angle < 180o for omega 
• Sweep angle unlimited for phi

Clockwise direction is Negative
-180o

• 2q w f c axis width # frames   time
-28 -28 0 54.7 2 -0.3 600 30
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Frame “Slices”

• Slabs >3o

– Crystal position must be well established

• Thick slice 0.6 to 3o

– Not recommended for three circle instruments
(Due to height errors)

• Thin slice 0.2 to 0.5o

– Normal data collection style

• Ultra thin slice < 0.2o

– For weak diffracting crystals
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Frame Width

For small or weak scattering crystals you should decrease the frame width
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Detector Distance
• Detector to Sample distance is set to a value that 

will resolve the two closest peaks.
– Longest cell dimension 
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Data Collection Time
Collection time for 0.1, 0.3 and 0.5o frames
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Space

• Each 512x512 frame = 266 bytes
• Normal set = 319 mB : Full set = 638mB
• 2000 frame set = 532mB 

– 2x600 frame set + 2x400 frame set

• CD space = 2000 Frame + matrix + work
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General Data Collection Strategies

Good :  A semi-hemisphere of data  (detector distance = 5.0 cm)
2q q f c axis width   #frames sweep
-30 -30 0      54.7      omega -0.3 600 180
-30 -30 90      54.7      omega -0.3 400 120
-30 -30 180      54.7      omega -0.3 200          60

Almost complete coverage for orthorhombic and higher (except for trigonal) 
good coverage for monoclinic (95%)   poor coverage for triclinic

Redundancy :  Good for high symmetry , poor for orthorhombic and below.
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Better

Better :  A hemisphere of data  (detector distance = 5.0 cm)
2q q f c axis width   #frames sweep
-30 -30 0      54.7      omega -0.3 600 180
-30 -30 90      54.7      omega -0.3 600 180
-30 -30 180      54.7      omega -0.3 600        180
-30  -30    270      54.7      omega     -0.3        600        180

Almost complete coverage for monoclinic and higher (except for trigonal) 
good coverage for triclinic (96%)   

Redundancy good for orthorhombic and higher symmetry, poor for 
triclinic, monoclinic and trigonal.
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Best

Best :  A hemisphere of data plus (detector distance = 5.0 cm)
2q q f c axis width   #frames sweep
-30 -30 0      54.7      omega -0.3 600 180
-30 -30 60      54.7      omega -0.3 600 180
-30 -30 120      54.7      omega -0.3 600        180
-30  -30    180      54.7      omega     -0.3        600        180
-30  -30    240      54.7      omega     -0.3        600        180
-30  -30    300      54.7      omega     -0.3        600        180
Good coverage for all symmetries.  
High redundancies for all but triclinic and trigonal symmetry.
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Space Set

Best Fit : (detector distance = 5.0 cm)

2q q f c axis width   #frames sweep
-30 -30 0      54.7      omega  -0.3 600 180
-30 -30 90      54.7      omega  -0.3 600 180
-30 -30 180      54.7      omega  -0.3 400       120
-30  -30    270      54.7      omega  -0.3    400       120

Total Space = 532 mB +  16 mB (matrix) = 548mB



5/24/03
Department of Chemistry
Texas A & M University

High Angle Data Collection Strategies

A hemisphere of data (detector distance = 5.0 cm)
2q q f c axis width   #frames sweep
-30 -30 0      54.7      omega -0.3 600 180
-30 -30 90      54.7      omega -0.3 600 180
-30 -30 180      54.7      omega -0.3 600        180
-30  -30    270      54.7      omega     -0.3        600        180
-90  -90      45      54.7      omega     -0.3        600        180
-90  -90    135      54.7      omega     -0.3        600        180
-90  -90    225      54.7      omega     -0.3        600        180
-90  -90    315      54.7      omega     -0.3        600        180
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Better
2q q f c axis width   #frames sweep
-30 -30 0      54.7      omega -0.3 600 180
-30 -30 90      54.7      omega -0.3 600 180
-30 -30 180      54.7      omega -0.3 600        180
-30  -30    270      54.7      omega     -0.3        600        180
-60  -60      45      54.7      omega     -0.3        600        180
-60  -60    135      54.7      omega     -0.3        600        180
-60  -60    225      54.7      omega     -0.3        600        180
-60  -60    315      54.7      omega     -0.3        600        180
-90  -90        0      54.7      omega     -0.3        600        180
-90  -90      90      54.7      omega     -0.3        600        180
-90  -90    180      54.7      omega     -0.3        600        180
-90  -90    270      54.7      omega     -0.3        600        180
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Strategy for Detector Distances > 5.0 cm

A hemisphere of data (detector distance = 10.0 cm: 55 deg in 2q)
2q q f c axis width   #frames sweep
-14  -14 0      54.7      omega -0.3 600 180
-14 -14 90      54.7      omega -0.3 600 180
-14 -14 180      54.7      omega -0.3 600        180
-14  -14    270      54.7      omega     -0.3        600        180
-41  -41      45      54.7      omega     -0.3        600        180
-41  -41    135      54.7      omega     -0.3        600        180
-41  -41    225      54.7      omega     -0.3        600        180
-41  -41    315      54.7      omega     -0.3        600        180
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Better
A hemisphere of data (detector distance = 10.0 cm: 55 deg in 2q)
2q q f c axis width   #frames sweep
-14 -14 0      54.7      omega -0.3 600 180
-14 -14 60      54.7      omega -0.3 600 180
-14 -14 120      54.7      omega -0.3 600        180
-14  -14    180      54.7      omega     -0.3        600        180
-14  -14    240      54.7      omega     -0.3        600        180
-14  -14    300      54.7      omega     -0.3        600        180
-41  -41      30      54.7      omega     -0.3        600        180
-41  -41      90      54.7      omega     -0.3        600        180
-41  -41    150      54.7      omega     -0.3        600        180
-41  -41    210      54.7      omega     -0.3        600        180
-41  -41    270      54.7      omega     -0.3        600        180
-41  -41    330      54.7      omega     -0.3        600        180
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A Better Way (?) Cosmo

• Orientation Matrix ® Determine best strategy
– Must have a good cell. Wrong symmetry can lead 

to an incomplete data set 

• Use Cosmatic to set data collection limits
– If necessary.

• Use Cosmic to generate “runs” list
• Use collision.xls to test runs list for collisions
• Import “runs” list to SMART



5/24/03
Department of Chemistry
Texas A & M University

Set distance 
&

Two-theta

Check omega 
box first

Set omega-
2theta limit
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Set run width
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Clear list
Replace 

Save as …
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Import 
p4p

Change hardware

Change 
resolution

Change 
Frame width
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Set Strategy

Set Laue Class 

Refine 
and sort 

runs
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View 
strategy

collision
Excel Program : Collision
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Factors Affecting the Detection of Scattered X-rays

• Decrease Noisea

Scattered X-rays from air and mount
I(2q) = Io [(n e4)/(2 r2 m2 c4 ) ] [(1 + cos2 2q)/2]

• Increase Signalb

• Change Detectors(increase sensitivity)
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a J. J. Thomson, Conduction of Electricity through Gases, 2nd ed. 1906, Cambridge University Press, 321.
b Darwin C.  Phil. Mag. 27 (1914) 315.
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Increase the Signal (part 1)a
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Pinhole size(mm) Counts (*1000)  Intensity (esd) S/N
back front
0.5 0.5 174 152,880(1022) 149
0.8 0.5 310 286,326(1306) 219
0.5 no 410 385,434(1679) 230
moncapillary 537 511,274(1953) 261

Increase Io :  Change the Collimator

# Pinhole 0.5/0.5 0.5/0.8 none Mono 

1 0.5/0.5mm 1

2 0.5/0.8mm 2 1

3 0.5/none 2.7 1.5 1

4 mono capillary 3.5 1.8 1.25 1

aDarwin C.  Phil. Mag. (1914) 27, 315.
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Increase the Signal (Part II)

Increase lambda   l
(assume small increase in LpA)

Radiation lll l (Kaaaa1) Mo Cu Co Fe Cr

Mo 0.70930 1

Cu 1.54056 10 1

Co 1.78896 16 1.5 1

Fe 1.93604 20 2 1.3 1

Cr 2.28970 34 3.3 2.1 1.6 1
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Increase the Signal (Part III)

Decrease w (speed)

Scan speed Time 360 36 3.6 0.36

360      /min 1min 1

36        /min 10min 10 1
3.6       /min 100min 100 10 1

0.36     /min 2.8hr 1000 100 10 1

0.036  /min 27.8hr 10000 1000 100 10
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Change Detectors

Io I
detector

Quantum Efficiency

Detector Cu Mo
CCD/Phosphor <30% <40%

Multi-wire 90%   (80% ) 75%

Si(Li) 95% 80%
Scintillation 98% 100%

Image Plate ?   (<30%) ?
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Mo vs Cu

Mo Cu 
# of ref 5925 3585
# unique 2049 1926
R-int 0.0457 0.0469
Imean 13.1   30.9   
I/s(I) 10.57 15.30  
Completeness to 0.9 Å 100.0 % 95.8%
Final R indices [I>2sigma(I)]   R1 = 0.0487 R1 = 0.0482  

wR2 = 0.1158   wR2 = 0.1230
R indices (all data) R1 = 0.0657 R1 = 0.0528

wR2 = 0.1289    wR2 = 0.1362



5/24/03
Department of Chemistry
Texas A & M University

When in Doubt
• Collect more data than less
• Collect the data slower
• Avoid phi scans
• Avoid “thick” frame slices
• Avoid moving the detector beyond 60mm
• Recollect with copper radiation
• Rhule & Bolte (2000) Z. Kristallogr. 215, 499-509.


