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m Scattering Efficiency

» Scattering Efficiency = 2 2 Vg

V2ce|l
* where:-
e f = number of electrons per atom
Verystal = volume of the crystal
Veel = volume of the unit cell

M.M.Harding J. Synchrotron Radiation, 250-259 1996
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m Effect of disorder
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m Other factors

« Wavelength
— modify strong of interaction

* Rocking width/Mosaicity and size
broadening

— Signal to noise

* Intensity of incident beam
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MData: What do you want from it?

« Connectivity
 Hydrogen position
* Accurate bond lengths and angles

« Absolute configuration
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m Data: Any good?

« What does the diffraction look like?
 How well does it index?

* What does the reciprocal lattice look like?
 How well does It integrate?

« Space group determination ease?

» Structure solves easily?

 Structure refines well?
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| ook at the Diffraction Pattern
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obs Map at 2.50A
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Fobs Map at 2.0A
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Fobs Map at 1.75A
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Fobs Map at 1.50A
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Fobs Map at 1.25A
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Fobs Map at 1.00A
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Fobs Map at 0.75A
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0.50A
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Fobs and Difference Map 0.5A
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Indexing

350

300

250

100

| 1 ] 1 [ RN 1 |_|'|||||| 1 R R 1 [N 1 R
0 9 99 959 9999 953339 935559

Reduced Unit Cells found:

Method: Fast Fourier Transform

HEL hiztogram:
0.1: 95.0% (8308/8745)
0.2: 95.4% (8344/8745)
0.3: 95.6% (8355/8745)

Score: 1.73

a=10508, o=90.05°, v=31158
b=14.524, p=97.63°
c=20.624, v=90.00°
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Cell Refinemen

a=10.508, a=90.11°, ¥=31188
3000 5F 2000 Unit Cell: b=14514, p=97.67" -
2500 3 o=20.634, y=80.00"
5000 1500
: Unit cell a
1600 31 1000 alh] 105036 + 0.0004 i
1000 35 b [4] 145093 + 0.0007 =
| 500 c ] 206542 + 0.0010 i
: all 90.035 + 0.003 L
o ’ B[ 57648 + 0003
| L L L
v [°] 90.00% + 0.003
0 01 02 03 04 05 v TET & 03
Domain translation
# [mm] 0.00
K  [mm] 0.00 il
2000 4R ; 2500
1500 : L 2000 Reflections: | [ Group 0: 8745 reflections Iz‘
1500
1000 4 . 1000 Gio to Image: | D:MrameshquestiLAZ_19F\LAZ_19F_02_0001 shm [ ]
o0 JHg-fi------- - L
: : : 500 More Reflections Fewer Reflections
03k l-lL---J----:....L. il . 100
e s e s e Tolerance: 0,23 o o UI
0 01 0203 04 05
3193 Reflections selected for Refinement
1400 140 <F () Show selected Reflections
1200 120 i_ - i @ Show predicted Reflections
1000 100 J+-- g beeand
800 80 41+ r- RMS 5 [mm]: 0.012 RMS angle [ 0.396
O Cursor 50D B0 3 e S S
-~ Postion [mm] 3475 1459 400 40 3L S R .
- Pagition [pixels] 180 389 E x -E E Tools: [ Refine ] [ Histograms... ] [Transformations...
Intensity [counts] a6 200 203 lllll """ v
-HEL index 557 010 11.59 a 0 I I I 'I’“"';'
-Hesolution[.z\] 121 T T T T 1T T 1771 TTT T[T T T T TTTT[TTTT
. 2Theta[] 750 0 01 02 03 04 05 -1 05 0 05 1
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View the lattice
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attice and Integration Resolution

a=10508, o=30.04°, =31208
Initial Unit Cel: |:| b=14 514, =37 E5° -
50 c=20.654, y=90.01° S
Resolution Limit [£] (0,680
Bravais Lattice  FOM  a[&] b[&] o] ol Bl v[ Urit Calls:
Cubic F 001 2837 2625 262711292 81.85134.97
& Cubic | 001 2183 17.91 25.23 6633 43.97 78.04 a=10504, a=80.00", V=31194
Cubic P 001 1050 1451 2065 90.04 97.65 90.01 b=14-515§:f B=37.85", Monaclinic
Hexagonal P 001 1050 1451 2065 90.04 97.65 90.01 5=20.634, =30.00
Rhombohedral | 0.01 17.91 2433 262511953 74.09108.56
250 Tetiagonal | 001 1050 1451 4371 7065 8343 90.01
Tetiagonal P 002 1050 1451 2065 9004 97.65 90.01
Othohombic F | 002 1050 30.85 4125 9240 9597 70.09
Orthorhombic | 002 1050 1451 437110935 9657 90.01
200 Othohombic C | 005 1050 4125 1451 8396 9001 96.97
Ohohombic P | 004 1050 1451 2065 90.04 97.65 90.01
Manoclinic C 004 #4125 1050 1451 9001 9004 83.03
b onoclinic P 083 1050 90.04 90,01
Tiiclinic P 100 1050 1451 2065 90.04 97.65 90.01
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Integration

etup ntegration

[ Spot Shape Correltion [E3) |FHj Average Spot Intznsity and ISigmaill Values =] Integration Finished [~]
1.00 4 150000.00 < —25.00 All Components Iz‘
c ] ? i B T | |0 Progress Statistics
'..% 0.80 g —z0.00 3 O Integration progress
o ] — - - O Ferimage Statistics
i i < 100000.00+ o
@ _ — L Vo] - Spot shape carelation
= & 060 — 165.00°g
8 E ] 8. i | = & Spat intensity and 1/Sigmall]
4 ~L1 % Spat intensity < 2 Siamall
o © 040 @ 10,00 £ .Omwn pb f flyt' r? []td
o 8 ] g 5000000 - Lg = sum er of reflec |Tns arveste
™ ] : r pot position overlay
§ 0.20 g i 500 % M R, Z enar
<[ ] % L — 0O v, 2 RMS difference
b O ¥, Z spot size
oo 77— 0.00 —— T T —— —— — o.00 -0 % Queue extent used
] 50 100 150 200 0 50 100 150 200 <D Prinmaty beam interisity
image image B et
- P fmint - . -0 & asis + ESD
[ Spot Shape Profiles by Detector Region [E3] |FHj Average Difference Between Observed and Predicted X, ¥, Z ]| 00 B asis 4 ESD
0.20 5 -0 Cavis+ESD

[ &lpha angle + ESD

[ Beta angle + ESD

[0 Gamma angle + ESD
[0 Cell volume + ESD

- L5 goodness-of-fit

O LS Residual:

-0 %, Z crystal translation
O .Y beam canter

=
=
1

Error [pixels]
|

010+ O Distance comection
4 O Pitch, Roll, vaw conection
- Angle zers
-0.20- [0 Coverage Statistics
EII ' ' ' 5|U ' ' ' ' 1 EIIU ' ' ' ' 1 é[l ' ' ' ' ZEIIU g garvested reflections
ompleteness and redundancy
D Snhapshot after image: {EE Image O Bivoet pairs
- - .=
L -053Y08 E-Centerl ~ E1 oL
6 -0.51505 X-Centerl -~ C1
7 0.49884 Rolll ~ Y-Centerl
Hew orientation is in D:“frames guest~LaZ_19F-test~LAZ_19F On.pip Connected Integration in Progress:

End global umit cell refinement ========================= 04,20,2015 14:19:36 < [ Stop Integration
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Sadabs

Laue group numbers:

[11 -1 [8]1 -3m (rhombohedral axesz>

[21 2/m <Y unigue? [?]1 —3im <Z unigue?

[3]1 mmm [18]1 -3ml <Z unigue?

[4]1 4/m <Z unigue? [11] 6/m <Z unigue?

[5]1 4/mmm <Z unigue? [12]1 6/mmm <Z unigue>

[6]1 -3 <rhombohedral axes> [13]1 m—3

[?]1 -3 (Z unigue? [14]1 m—3m

Run 2theta R{int) Incid. factors piffr. factors K 3] I/5¢C1im) Total I=2siglI)

1 0.0 00488 1,823 - 2,083 0.570 - 1.028 0.9086 0,025%3 39.4 3335 2a72
2 0.0 0.034a 0,784 - 1.02% 0.5987 - 1.028 0.9% 0,025%3 39.4 12643 10362
3 -45.0 0.05883 0.730 - 1.064 0.%67 - 1.028 0.987 0.025%3 39.4 14472 G7a9
4 45,0 0.0539 0,779 - 1.124 0,988 - 1.022 0.933 0.025%3 39.4 14518 GEGE
5 =45.0 0.0543 0.75%8 - 1.134 0.%67 - 1.028 0.966 0.025%3 39.4 14574 10003

Advanced Light Source @ENERGY

An Office of Science User lity Office of Science BERKELEY LAB



Advanced Light Source

XPREP

original <ell in angstroms and degrees:

10,458 14,528 20,636 S0, 00 o7.61 G0, 00

59546 Reflections read from file LAZ_19%F_0Om.hk1; mean (I/sigma) = 9,387
Lattice exceptions: P A E Z I F Ohny R AT
M (totall = 0 297ad 2979 29818 29732 44691 39723 39679 55544

0 19l1as 19388 19542 10379 20048 25684 25904 3HEZZ
0.0 10.1 10,2 1o0.0 10,2 10.1 9.8 10.3 10.2
0.0 o.9 o.9 10.0 G.9 G.9 .7 10.0 G.9

M (int=3sigmal
Mean intensity
Mean int/sigma

Lattice type: P chosen volume : 3119, 33
DETERMIMATICN OF REDUCED (MIGGELI) CELL

Transformation from original <ell (HELF-matrix):
=1.0000  0.0000 O, Q0000 0.0000 1.0000 O.0000 0.0000 0,0000 -1.0000

Unitcell: 10,458 14,526 20,8340 GO, 00 G7.al GO, 00
Miggli form: d.a = 110,22 b.bh = 211.01 C.C = 425,84
b.c = 0. 00 a.c = -28.69 a.h = 0. 00

search for higher metric symmetry
Identical indices and Friedel opposites combined before calculating R{sym)

option A: FOM = 0.000 deqg. MONOCLIMIC P-lattice Risym) = 0,032 [ G9557]
cell: 10.498 14.526 20.636 o0, 00 o7, 6l a0, 00 volume: 3119, 33
Matrix: 1.0000 0.0000 0.0000 O.0000 1.0000 0.0000 0.0000 0.0000 1.0000

option A selected

OEPARTMENT OF - A
E ceceeee] M

An Office of Science Us
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XPREP

SPACE GROUP DETERMIMATIOMN

Lattice exceptions: P A B c I F Ok RLEns AT

0 29768 29796 20813 29732 44691 39723 39679 59544
0 191es 19388 10542 10379 20048 25684 25904 3HEIZ
.0 10.1 10,2 10.0 10.2 10.1 9.8 10.3 1002
Q G.9 G.9 10.0 G.9 G.9 9.7 10.0 .4

M (totall =

M (int=3sigmal
Mean intensity
Mean int/Ssigma

Crystal system M and Lattice type P selected
Mean |[E¥E-1| = 0.922 [expected .968 centrosym and 736 non-centrosym]

Chiral flag MOT set

Systematic absence exceptions:

-21- -a- -¢-  -n-
M 44 1275 1284 1283
M I=35 38 325 1 524

I 20,2 11.0 0.2 1o0.9
<I/s> 19.4 5.4 0.5 8.3

Identical indices and Friedel opposites combined before calculating R{sym)

Option Space Group Mo, Type  Axes  CSD ROswm) M{eq)  Syst. abs, CFOM
[a] P2/c # 13 <Centro 1 292 0,032 G557 0.5 / B.3 1.82
[B] PcC # 7 non-cen 1 226 0,032 4557 0.5 / 8.3 5.18

option [A] chosen

Advanced llght Suurce O o

An Office of Science Us Office of Science BERKELEY LAB



XPREP

IMNTEMSITY STATISTICS FOR DATASET # 1 Laz2_1o9f_om. hkl

resolution  #Data #Theory ®Complete Redundancy Mean I Mean I/ s Rmerge Rsigma

Inf - 2.8%9 155 158 55.1 10,60 45, 62 Fr.36 0 0.024% 0.0105
2.89 - 1.91 308 308 1lao.0 12.00 31.71 F2.e1 0 0.0273 0,009
1.91 - 1.50 514 514 1loo.0 11.a0 20,09 Sa.43 0.03a7  0.0121
1.50 - 1.351 510 510 1loo.0 g5.62 12,354 42,87 0.0315 0.0157
1.31 - 1.18 562 562 100.0 B.52 10,59 AF.FE O0.0356  0.018L1
1.18 - 1.10 487 487 100.0 B.38 9,17 32.92 0.0408 0.0209
1.10 - 1.03 559 559 1lao.o 7. 8A 7.99 28.29 0.0489 0.0252
1.03 - 0,98 491 452 09, 8 0.23 a.35 20,44 0.062%9 0.0354
0.98 - 0,93 6159 6159 1loo.0 5.47 5.19 16.85 0.0747 0.0453
0.93 - 0,90 4353 4353 1loo.0 4,868 4,51 1570 0Q.0820 0,05062
0.90 - Q.87 4E1 4E1 100.0 4,22 3,60 11.06 0.0959 0,0695
0.87 - 0,84 578 578 100.0 3.90 3.37 59,595 0.101le 0.0788
0.84 - 0,81 637 637 1lao.o 4,00 3.13 S9.08 ©0.1151 0.085%8
0.8l - Q.79 507 507 1loo.0 3.90 2.97 .42 0.1270 0.054%
0.79 - Q.77 544 544 1loo.0 3.88 2.683 F.02  0,.148%9 00,1073
Q.77 - Q.78 3200 3200 1loo.0 3,82 2.53 6,98 00,1472 0.1160
0.76 - 0.74 631 631 100.0 3. EOQ 2,39 6.62 0.,1653 0.1238
.74 - 0,72 715 715 100.0 3.85 2.268 6.1 ©0.18351 0.1385
0.72 - 0.71 380 380 1lao.o 3.6a0 2.01 5.1%9 0.2015 0.1579
0.71 - Q.70 391 391 1loo.0 3.53 2.04 5.29 0,2035 0.161%
0.70 - 0.689 452 472 05,8 3.20 1.7a 4,83 00,2381 0.15%00
0.79 - 0,69 2413 2433 09, 4 3.845 2.25 6.1 0.1779 0.1369

Inf - 0.69 10314 105358 55,8 5.76 13 20,47 0.04804  0.0371

Mmerged [A], Towest resolution = 10.41 Angstroms
cetermination of unit-cell contents
Formula: CocdOHA 0oL o2
Formula weight = 821.16
Terntative Z (number of formula unitsAcell) = 4.0 giwing rho = 1.7409,
non-H atomic wolume = 14.7 and following cell contents and analysis:

Z lad. 00 8. 51 % H 1ad. 00 4,91 %

I 8. 00 .41 % ] 40,00 15.48 %

Zd 4,00 13.69 %

FLooo) = 1688.0 ? -k{alpha) radiation MU Cmm-10 = 0. 00

Advanced Light Source DENERGY o

An Office of Science Use ility Office of Science BERKELEY LAB



Monoclinic

DETERMIMATION OF REDUCED (MIGELID CELL

Transformation from original cell (HELF-matrix):
Q.0000 -1.0000 00,0000 1.0000 0.0000 00,0000 Q.0000  Q.0000 1.0000

Unitcell: 6.812  11.631 12,200 90,34 S0.00 90,00
Niggld form: a.a = 46.40 b.b = 135.28 C.C o= 145, 84
b.c = -0. 85 a.c = 0. 00 a.h = 0. 00

search for higher metric symmetry

Identical indices and Friedel opposites combined before calculating REsym)
Option A: FOM = 0,343 deq. ORTHORHOMEIC P-lattice R{=ym) = 0,518 [ 655437
Cell: 6,812 11.631 12.200 S0, 34 S0, 00 S0, 00 volume: G966, 55
Matrix: 0.0000 -1.0000 00,0000 21,0000 O0.0000 O0.0000 0.0000 O0,0000 21,0000
option B: FOM 0. 000 deq. MOMOCLIMIC P-Tattice R{sym) = 0,016 [ 42147
zell: 11.6351 6.812 12.200 S0, 00 G0, 54 S0, 00 volume: 066, 545
Matrix: 1.0000 Q.0000 O,0000 O0.0000 1.0000 O0.0000 0.0000 O0,0000 1.0000

option C: FOM 0.343 deq. MOMNOCLIMIC P-Tattice RECswm) = 0544 [ 4315]
Cell: B.812 11.631 1.Z2.200 G0, 34 G0, 00 Q0. 00 volume: GRG, 55
Matrix: ©.0000 -1.0000 0,0000 -1.0000 0,0000 O0.0000 O0.0000 O.0000 -1,0000
option D: FOM 0.343 deq. MOMOCLIMIC P-Tattice RE{swymy = 0,550 [ 4327]
Cell: B.81l2 1z2.200 11.631 B9, 66 G0, 00 Q0. 00 volume: GRG, 55
Matrix: ©.0000 -1.0000 O0,0000 O0,0000 0,0000 1.0000 -1.0000 O.0000 O,0000

option B selected

Advanced Light Source @ENERGY | ArS

An Office of Science User Facility Office of Science BERKELEYLAB  Iowss



Indexing

200 Feduced Unit Cell: found:
Methad: Difference Vectars HEL histogram:
260 Score: 1.33 0.1: 93.3% [2695/2890)

= —| [+ ! 3
E;yﬁ,ﬁ E;gggg V=300 0.2 94.0% [2716/2590)

240 c=31.174, y=R9.89" 0.3: 84.0% (2716/2890)

220

200

180

] ] g 1 _|'||||||| 1 [ REN| 1 [N 1 [
1] 9 99 959 9339 959339

Cursor

- Pozition [rmm] 2496 -3619

- Pozition [piselz] 2h2 134

- |ntenzity [counts] Fis)

~HEL index -6.02 579 -11.74
- Resolution [4] 1.09

- 2Theta [] 41.55

E{E @ Accept... ] [ Cancel

o] Editor Cursor Position

Advanced Light Source @ENERGY

An Office of Science User Facility Office of Science BERKELEY LAB



Cell Refinement

H
800 5F 350 280 a=1 4.215.2, a=106.68", V=09674
700 3 300 Unit Cell: b=25.954, p= 90.03" -
: =302, 4=12317"
i 250 260 ® ¥
400 : 200
o0 J6 180 240 Unit cell -
200 ' 100 a 4] 14246 + 0.007
Top 3k En b IA] 021+ 0014 |
gk L 0 220 cld] 31133 + 0017
[ e o[’ 106661 + 0.013 —
=
0 01 02 03 04 05 200 Parameters: Bl 90,070 + 0012
¥ [1] 123.204 = 0.010
W 8] 3071 =+ 14
180 O Domain translation
St [rm] 0.00
700 : y [rorm] 0.00 =
600
500 . -
400 Reflections: | [ ] Group 0: 2290 reflections Iz‘
300
210 Gotolmage: | D:\frameshguesthla2_32bhaZ_32b_02_0001. sfrm Iz‘
100
0 Mare Reflections Fewer Reflections
Tolerance: 022 U
1 1 1 1 1 1 1 1 1 1
793 Reflections selected for Refinernent
ggg (71 Show selected Reflections
ano @ Show predicted Reflections
| I o T 1 [ R
0 El 39 X T
150 H RIS < [mm): 0.012 RMS angle [T 0.661
1805 557 100 i
700 563 53 - Tools: [ Refine ] [ Histograms... ] ITransfolmations...
g1 -
- Basssmssssness ]
ggi 953 2.82 4 a5 i 05 1
1954

@] @ Accept ] [ Cancel

ool Editor| Cursor Postion |

Advanced Light Source (@ENERGY | ATS

An Office of Science User Facility " " BERKELEYLAB  Iowss



Lattice Choice

280 a=14.255, o=106.667, Y=90715

Initial Unit Cell |:|b=28.02.3\, B= 90.07* =
c=31.148, y=123.20°

260

240 Bravais Lattice  FOM  a[8] bA] c@] oll Bl [
Cubic F 0.01 3426 4625 342310095 491711655
Cubic | 001 3423 2602 31.27 7280 4654 91.95

220 Cubic P 0.0 1425 2177 311411009 90.07 90.01
Hexagonal P 0024 2177 3114 1425 90.07 90.01110.09

00 Rhombohedral i | 0.01] 14.25 2602 £9.50 78.85 99.07123.19
Tetragonal | 0.0 1425 2177 GO1H 8964 7633 90.01
Tetragonal P 0.0 1425 2177 311411009 90.07 90.071

180 Otthorhombic F | 001 2602 2602 64.29 4512 #1.29 G640
Ortharhombic | 002 1425 21.77 G016 903610361 90.01
Orthorhombic C [ 2107 © g9 3 £ 5 3
Otthorhombic P | 002 1425 2177 311411009 90.07 90.01
Manaclinic © 043 5849 2177 1425 9001 90.08 £9.63

140 Manaclinic P 080 21.77 1426 3114 900711009 9001
Triclinic P 100 1425 2177 311411009 90.07 90.01

120

100

1 [ R 1 [ A 1 [ I RN
9333 93333 933333

Cursor

- Pogition [mm] 7h8  -3h42

- Position [pivels] 53 142

- Intensity [counts] B9

~HEL index -9.82 932 -11.25
- Resolution [4] 127

- 2Theta [*] 3560

Ed:} @ Accept ] [ Cancel

gl Edfiiar] Cursor Postion |

Advanced Light Source @ENERGY ) ArS
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View of the Reciprocal Space
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16.59
| A bbb

ot

ineniy it Rieflection Size a=21.814, o=90.00%, Y=182158
_ _ -~ |:| b=F8.664, B=90.00°, Ortharhombic C
[ U B £=14.265, y=3000°

An Office of Science User Facility e BERKELEYLAB  lowic
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Both Orientations

280 a=10.443, a=90.00°, ¥=30345 I
Urit Cel D 268, B=97.47°, Monoclnic P -
c=20.584, y=30.00°
260
20 Unit cell -
alhl 10425 = 0.004
b4 14245 = 0.003 L
220 cA] 20528 = 0.007 1
all 30.00 3
00 Parameters BI7 97543 + 0013
[l 30.00
V] W2 : 3
180 [0 Domain translation
s [mm] 0.0
ymm] 0.0 o
Reflections: | [ Group 0: 2389 reflections [+]

Go to Image: | D:\rames\guestilaZ_32b%aZ_32b_02_0001. stm

More Reflections Fewer Reflections

Tolerance:  [0.22 0

789 Reflections selected for Refinement

280 a=10.44h, 0=90.00°, V=30348
Unit Calt I b=14.264, B=97.48°, Morociinic P -
c=20.564, y=90.00°
260
240 Unit cell a
alh] 10440 = 000F
bI&] 14259 = 0006 L
220 clh] 20557 = 0013 1
] 50.00 L4
Parameters El1 5748 = 003
20 vl 5000
WA WH £ 5
180 [ Domain translation
« [mm] .00
[mm] 000 >
Fieflections: | [ Group 1: 1414 reflections =]

Gotolmage: | D:\frameshguesthlaZ_32bMa2_32b_02_0001.sfim [+]

More Reflections Fewer Reflections

Tolerance:  |0.24 ’j

468 Reflections selacted for Refinement

() Show selected Reflections

@ Show predicted Reflections

| \I\Hl \I\Ill 1 _\.IIII\Il \I\II\Il \I\\\I\l [
i 9 % ) 593 93399
RS 3¢ fmm} n/a FMS angle [} n/a
O Cusar
- Position [mm] B0 483
- Pasition [piels] 863 7 Tools: [ Refine | [ Histograms... | (Transtomations...
Intensity [counts] 7
- HKL indes B46 1222 27
- Fresolution [&] 083
- 2Thets [] 4342

Fee| 7| Cursx Postion| [ &)
Advanced Light Source @ENERGY

ALS
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The Crystal Is a Reticular Twin

Integrate both components
« TWINABS- HKLF 4 and 5

| 1 o 0 28,20 1. 50 | 1 © 0 28.4078 1.61155 1
2 0 0 2215.38 30,80 2 1 1 2879.34 40.0417 -2
= 0 0 869.51 12.10 2 0 0 2879.24 40.0417 1
4 0 0 28,40 5. 00 = 0 0 892.262 14.0204 1
c 0 0  15.30 6.320 4 2 2 14.4204 12.3454 -2

= 1 0 132.25  10.10 4 0 0 14.4204 12.3454 1
4 1 0 3Inc s = 10 5 0 0 15.6010 §.59970 1
= 1 4 39:% 32s 2 a0 5 1 0 120.455 10,8985 1
iy 1 0O 4017.21 51.1% —4 1 0 206,247 7.58213 1
1 1 f 1636 54 11 70 -2 1 0 233.431 ®.34012 1
2 0 1 6414.1¢ 70.8l54 -2
E % g %ggg'g% g%'fg 2 1 0 6414.16 70.8154 1
: : 1 1 0 1639.80 14.4143 1

2 1 0 189,08 5. 50
S 7§ 311 aa 230 0 1 0 3744.00 66,1207 -2
0 1 0 3744.00 65.1207 1

4 1 0 152.08 2. 00
1 1 0 9999.900 106,632 1
> 1L 034,00 15,50 2 7 1 234.163 5.G50337 -2

5 2 0 60,19 11.40

Advanced Light Source fﬁ,euenev ) ATSY

An Office of Science User Facility Office of Scien BERKELEYLAB  iowses



MThe Crystal Is a Reticular Twin

 HKLF 4 data through XPREP

* Potentially go back to TWINABS and
XPREP

 Solve on HKLF 4 data

 Refine with both HKLF 4 and 5 data

Advanced Light Source @i ENERGY ,,,,,,,,,
An Office of Scien%e User Facility A\||| ALj‘



Types of Twinning

— Merohedral

« The twinning operator is part of the Laue Class not the point group
— Racemic twinning e.g looks like 2/m but is 2
— Tetrahedral, Trigonal/hexagonal, Cubic e.g. looks like 4/mmm but is 4/m

— Pseudo-merohedral

» The twinning operator is part of the symmetry of the higher cell
e.g. look orthornombic but is monoclinic.

— Reticular

» e.g obverse/reverse twinning, false centred cell.

— Non-Merohedral

» The twinning operator transforms between the two orientations

can be anything but commonly 180°
Advanced Light Source O DENERGY i ATSY

An Office of Science User Facility Office of Science  BERKELEYLAB M



m Indication of twinning

* Multiple diffraction patterns

* |[E*E-1| smaller than would be expected

* Problems choosing spacegroup

* Problems solving structure

» Large residual peak in non-sensible places
» K-values for weak data

» Disagreement reflects Fobs >> Fecalc

* Weighting scheme large

* Poor refinement R1 high than expected

Advanced Light Source @i ENERGY ,,,,,,,,,
An Office of Scien%e User Facility A\” ALj




Not Twinned?

DETERMIMATION OF REDUCED (MIGGELI) CELL

Transformation fraom original cell (HELF-matrix):
1.0000 ©,0000 O, 0000 Q. 0000 Q,0000 1.0000 0. 0000 =1.0000 O, 0000

Unitcell: 15.814 24601 29,023 0. 00 50,00 Q0. 25
Miggli form: a.a = 250.08 b.bh = Bo5. 21 C.C = 842,33
b.c = 0,00 a.c = Q.00 a.bh = -1.68

search for higher metric symmetry
Identical indices and Friedel opposites combined before calculating REsym)

option A: FOM = (0.247 deq. ORTHORHOMEIC P-lattice RCsym) = 0,442 [ 40451 ]
Cell: 15.814 24,601 29,023 a0, 00 Q0. 00 GO, 25 volume: 11./90. 87
Matrix: 1.0000 0.0000 00,0000 0,0000 0.0000 21,0000 O.0000 -1.0000 O.0000
option B: FOM = (0.000 deq. MOMOCLI KIS P-Tattice R{sym) = 0,064 [ 27105]
Cell: 15.814 29,023 24,601 a0, 00 G0, 25 G0, 00 volume: 11290, 87

Matrix: 1.0000 0.0000 0.0000 0.0000 21.0000 O0.0000 0.0000 0.0000 31.0000
option C: FOM = (.247 deq. MOMOCLINIC  P-lattice R({sym) = 0.458 [ 26%36]
cell: 15.814 24,601 29.023 90,00 90,00  90.25 volume: 11290, 87
Matrix:-1.0000 Q.0000 O.0000 0.0000 O,0000 -1.0000 O,0000 -1.0000 O.0000
option D: FOM = (.247 deq. MOMOCLINIC  P-lattice R{sym) = 0.471 [ 26611]
cell: 24,601 15.814 29,023 90,00 90,00 89.75 volume: 11290, 87
Matrix: 0.0000 Q.0000 -1.0000 1.0000 O.0000 0.0000 O,0000 -1.0000 O.0000

option B selected

Advanced Light Source @RS o) ars

An Office of Science U ility Office of Science BERKELEYLAB  Iowss



IE*E-1]

SPACE GQROUP DETERMIMATION

Lattice exceptions: P A, B iZ I F by Rew A1
M (total) = o B30 TENR TENR B33 1246 1095 1104 1657
M (int>3sigmal) = o BaY 679 698 688 1052 838 =10 1566
Mean intensity = 0.0  38.3 38.4 36.0 3B.1  37.6  24.5 37.8  37.9
Mean inty/sigma = 0.0 23.4 23.3 23.1 23,2 23,3 18.7 23.4 23,3

Crystal system A and Lattice Type P selected
Mean |E¥E-1| = 0.783 [expected .968 centrosym and .736 non-centrosym]

Chiral flag NOT =set
Systematic abhsences not reqguired for triclinic

Identical indices and Friedel opposites combined before calculating R{sym)

Option Space Group Mo, Type Axes CSD 0 RESym) NMCeq) Syst. abs. CFOmM
[a] P-1 # 2 centro 1 B8ada  0.000 o 0.0/ 23,3 3.87
[B] FL # 1 chiral 1 F00 0,000 0O 0.0/ 23.3 .79

option [A] chosen

Advanced Light Source DENERGY ™) ArS

An Office of Science User Facility Office of Science BERKELEYLAB  iowses



LST file indications

analysis of wvarifance for reflections empl
FC/Fctmax) 0. 000 0.012 0.017
Mumber in group 5325, 5120. 54
GO00F 0.837 0. 8680 0.
K 2,857 1.371 1.
resoTutiongal 0.75 0.78 0.81
Mumber in group 5644, 5661. 55
GoaF 0.828 0. 8350 0.
K 1.075 1.043 1.
RL 0,255 0,221 0.
recommended weighting scheme: WGHT

Mote that in most cases convergence will
default WGHT 0.10 are retained until the

oyed in refinement K = Mean[Fo42] / Mean[FcA2] for group
0.022 0,028 0.034 0.041 0,051 0,065 0,093 1.000
50, B202. 5301, 5135, 57264, 5484, 5515, 5568,
= o] 1.021 1.090 1.081 1.09%9 1.050 1.01% 1.003
171 1.069 1.0409 1.026 1.049 1.057 1.040 1.094
0.85 0. 89 0.95 1.02 1.12 1.28 1.61 inf
93, 344a, 5385, 5338, 1692, 3303, 33588, 5384,
856 0. 888 0.89%4 0,917 0,545 0.G675 1.087 1.593
0581 1.048 1.046 1.045 1.06% 1.074 1.08& 1.107
187 0,159 0.133 0.111 0,104 0. 090 0. 080 0.101
0.1327 0. 0000

be faster if fixed weights (e.g. the
refinement is wirtually complete, and

only then should the above recommended walues be used.

Most Disagreeable Reflections (% if suppressed or used for Rfree)

g

-1
1
-3

-1
-1
-1

2

Advanced Light Source
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3304,
17930,
16842,

3588,

3787,
20025,

6924,
14265,

6296,

7107.

3834,

ol17.

2209,
10622,

4039,

46109,
13777.

3324,

3343,
29590,

JRI0.

FaZ

195,
317.
2143,
33,
78.
317.
o13.
2393,
324.
326.
113.
1395,
66,
1398,
1011.
B30,
2380,
57.
1254,
3133,
2P0

1]
53
40
a3
23
42
74
98
43
79
46
21
25

peltatFAZ) esd

.72
.17
.13
=r
. BB
54
.38
34
i
.73
.70
. 64
53
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FC/Fcimax)

LOLS
L 020
L0531
elory
L0010
L0020
L 033
054
L0200
.020
L0012
041
. 009
L041
L0330
L0032
L 054
. 008
.039
.08l
A

iRl ol el ol ol Rl ol e o o
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.70
.03
.12
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.52
.03
.03
.48
.33
.35
.05
.58
.57
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INS format for TWIN

TITL
ZELL
ZERE
LATT
S
SFAC
DISP
DISP
DISP
DISP
DISP
UMIT

TEMP
S5IZE

gacd40a in P2(1)
Q.77490 15,8138 29,023 24,6010 90,000 90,247 90,000
8,00 0, 0012 0,002 0,00l 0,000 0,002 0, Q00

-1

-, 0.5+Y, -Z

C H MO N
Mi  0.19064  1.30243 5779.11
o -0,00415  0.00737 40,17
Mo -0.00306  0,00403 23.02
i -0, 00202 0, 00157 13.a0
H 0.00000  0.00000 0.67

512 440 104 48 24

=123
0.50 0.30 0.20

REM blue block
REM data cut at 0.8l angstrom

L.5.

BoOMD
ACTA
FrAP
PLARN

SImMu
DELU
IS0k
IZ0OR
ISOR
FLAT
FLAT
FLAT
SaDT
sADT

TwIk
BASF

4
FH

2
10

0.016 Nls = C205

0.004 N1s = C205

0,008 W22 C109 C314

0,00 C119 C120 206 C220 C305 C357

C32 C33 C204 C219 CXZ2B C246 C251 C141 C36 C304 C311 CE27F
N2S = C10s

NS > C205

M35 » 155

MdS Clas MdS C205

Cles C17s C17s C18s C18S C19s C195 C20S

-1 000 -1 -4
L] 0.52811 -0.00568
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[NREY|
933

360

240

320

300

280

260

240

220

200

Reduced Unit Cells found:

Method: Difference Vectars
Score: 1.24

3=26.938, o=9050°, V=208228
b=28.294, B=90.01"

c=20.2304, y=90.17"

U.8. DEPARTMENT OF

ENERGY

HEL histagranm:

01: 95.1% [2374/2496)
0.2 95.8% [2330/2496)
0.3 96.0% [2395/2496)
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[NREN
433

[NEREN
9338

(NN
93333

g
999394

360

340

320

300

280

260

240

220

200

Feduced Unit Cell found:

Method: Fast Fourier Transform

Score: 1.54

a=12.508, 0=09.92°, V=20704
b=12.728, B=89.87°
c=12.964, y=89.79°

HEL histograrnm:

01 72.2% [1802/2496)
0.2: 76.3% [1904/2496)

0.3: 80.3% (2005/2436)
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Advanced Light
An Office of Scienc

[ratial Uit Cell: |:|

a=12.648, 0=89.93°, V=21004

b=12.784, p=89.85°
c=13.M4, y=R9.79°

Bravaiz Lattice  FOM  a[d] bB[A] c[d] o1 BRI v[]

Cubic F 001 2217 2215 2218 703911053 71.92
Cubic | 0ol 1811 17594 1825 6025 5935 BOT3
Cubic P 018 1264 1278 1301 8353 8985 8979
Hexagonal P 0ol 1264 1278 1301 9007 8985 90241
Rhombohedral R 021 1794 1811 2224 91.31 8953119.27
Tetragonal | 0ol 1264 1278 3160 BE1Z2 BE4E 8979

Tetragonal P

13.M

Ortharharnbic F 001 1734 1800 47832 41.33111.685 89.37
Ortharharmbic | 001 1264 1273 3.E01713.88113.62 83.73
Orthaorhambic C 035 1734 1800 13.01 9015 99.94 B89.37
Ortharharnbic P 066 1264 1273 1301 2353 89985 B83.73
Monoclinic C 031 18.00 1794 13.01 9008 9015 59062
Monoclinic P 0E3 1264 1301 1273 9007 9021 83.85
Tricliric P 1.00 1264 1273 1301 2353 9985 8373
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360

340

320

300

280

260

240

220

340

320

300

280

260

240

220

200

b=12.774, p=90.17°, Monoclinic P v

a=12.654, 0=90.00", V=21028
Unit Cell:
c=13.014, y=90.00°

Unit cell -
ald] 12631 + F
b&) 12765 + L
cld] 13011 = 1
al’] 0
Parameters: Bl
¥ [
V]
[J Domain translation
# [mm] 0.00
v [mm] 0.00 -
Reflections: | [_____]Group 0: 1887 reflections E]

GotoImage: | D:\rames\guestsMCIC_D4\MCIC_D4_01_0001.sfrm E]

More Reflections Fewer Reflections

Tolerance:  |0.26 rJ
At

L T T T S B B

650 Reflections selected for Refinement

) Show selected Reflections

2=12654, o=30.00°, V=21025
Uit Cell: I b=12.774, B=80.17", Maonoclinic P -
c=13.014, v=30.00°
Unit cell -
alA] 12667 + 0005 B
b [A] 12761 + 0006 -
c &) 13006 + 0007 r
al] 5000 -
Parameters: B 839 & 002
e 50,00
VIE 2102 £ 3
0.00
0.00 -
Reflections: | [ Group 1: 223 reflections E‘

Goto Image: | D:Mirameshguest\MCIC_D4AMCIC_D4_01_0001. sfrm E‘

More Reflections Fewer Reflections

Tolerance:  |0.24 U

273 Reflections selected for Refinement

() Show selected Reflections

@ Show predicted Reflections

fﬂ'ﬁ U.8. DEPARTMENT OF -
DJENERGY <

A
ml

Office of Science BERKELEY LAB




Advanced Light Source

12.646 12.991 12.749 90. 00 90.16 590,00

5063 Reflactions read from file junk.hk1; mean (I /sigmal

Lattice exceptions: P A E c I F
M o(totall) = 0 2532 2522 2532 2537 37093
M Cint=3sigma) = 0 1627 1633 1ala 1578 24358
Mean intensity = 0.0 21.1 2008 21.1  20.9 20.9
Mean int/sigma = 0.0 13,2 13.4 13,1 13.3  13.2
Lattice type: P chosen volume: 2054 .55

DETERMIMNATION OF REDUCED (MIGSLI) CELL

Transformation from original <ell (HKLF-matrix):

Ohy

3366
2148
20.6
13.3

13.23

Rew

3367
2172
20.8
13.3

27171

5063
3262
20,5
13.2

1.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 -1.0000 0.0000

unitcell: 12.646 12.74%9 12.991 90.00 20,00 a0.
Miggli form: a.a = 159.53 b.b = 162.53 c.
h.c = 0. 00 a.c = 0. 00 a.

zearch for higher metric symmetry

14

c
b

168.78
-0.44

Identical indices and Friedel opposites combined before calculating R{sym)

option A: FOM = 0,231 deg. TETRAGOMNAL p-lattice RCsym)

= 0.141 [

cell: 12,6846 12.749 12,991 20,00 20,00 290.16 volume:
Matrix: 1.0000 0.0000 0.0000 0.0000 O,0000 1.0000 0.0000 -1.0000 O,0000

option B: FOM = 0,540 deg. TETRAGOMNAL p-lattice RCsym)

= 0.801 [

cell: 12,749 12,991 12.646 0. 00 290.16 0. 00 volume:

Matrix: 0.0000 0.0000 1.0000 0.0000 -1.0000 O.0000 1.0000

0. 0000

3455]

2094, 55

3450]

2094, 55

0. 0000

option C: FOM = 0,164 deg. ORTHORHOMEIC P-Tattice RCsym)

= 0.528 [

cell: 12,6846 12.749 12,991 0. 00 0. 00 90.16 volume:

Matrix: 1.0000 0.0000 0.0000 0.0000 0.0000 21.0000 0.0000 -1.0000

option D: FOM = 0,000 deg. MOMOCLINIC p-lattice RCSym)

= 0,036 [

cell: 12,646 12.991 12,749 0. 00 90.16 0. 00 volume:

Matrix: 1.0000 0.0000 0.0000 0.0000 1.0000 O.0000 0.0000

0. 0000

option E: FOM = 0,164 deg. MOMOCLINIC p-lattice RCSym)

= 0.555 [

cell: 12,6846 12.749 12,991 0. 00 0. 00 90.16 volume:

Matrix:-1.0000 0.0000 0.0000 0.0000 O.0000 -1.0000 O0.0000 -1.0000

option F: FOM = 0,164 deg. MOMOCLINIC p-lattice RCSym)

= 0.555 [

cell: 12.749 12.646 12,991 0. 00 530,00 B89. 584 volume: .
Matrix: 0.0000 0.0000 -1.0000 1.0000 O.0000 O.0000 O.0000 -1.0000 O.0000

option 0 selected
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m Supercells

Al(O3PCH2CH2PO3)(0OH)
(HSNCH2CH2NH3)
Monoclinic P2,/m

a =8.052 a =90
b=7.029 B =98.441
c =8.977 y =90
Volume =503.2

Attfield et al

Advanced Light Source (@ENERGY
Office of Science

An Office of Science User Facility
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SPACE GROUP DETERMIMATION

Lattice exceptions: P A B c I F Ok RLEns
M (total) = ] 2532 2522 2532 2537 3793 3365 3367
N (int=3sigmal = 0 1627 1633 1ala 1578 2438 2148 2172
Mean intensity = 0.0 21.1 20,8 21.1 20,9 20,9 2006 20,8
Mean nt/sigma = o0 13.2  13.4 15,1 15,3 13.2 13.3  13.3

Crystal system M and Lattice type P selected

Mean |[E¥E-1| = 1.014 [expected .968 centrosym and

Chiral flag MOT set

Systematic absence exceptions:

-21- -a- -¢- -n-
M 4] 144 145 142
M Ix3s 5 53 53 Q
<I> 213.2 19.3 18.9 0.3
<I/s» 27.6 11.8 11.4 0.5
Identical indices and Friedel opposites combined hefore
Option Space Grodp Mo, Type  Axes CSD 0 R{sym) N{eq)
[&] P2./n # 13 <Centro 1 292 0,035 2086
[E] Pn # 7 non-cen 1 226 0,038 2086

option [A] chosen

L 736 non-centrosym]

calculating R{sym)

Syst. abs, CFOM
0.6 /S 11.6 1.46
0.6 /S 11.6 Q.09

A1

5063
3262
20,5
13.2

Office of Science
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m Supercells

Al(O3PCH2CH2PO3)(OH)(H3NCH2CH2NH3)

Lab Cell Synchrotron Cell
Monoclinic P2,/m Monoclinic P2,/n

a =8.052 a =90 a=11.142 a =90
b=7.029 B=98.441 b=7.008 B =96.24
c=8.977 vy =90 ¢ =12.903 vy =90
Volume =503.2 Volume =1001.50

Advanced Light Source @ENERGY ‘\HI AL':)
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m Supercells

Lattice exceptions: P A B C I F  Obv Rev Al
N (total) = 0 2987 2979 2982 2987 4474 3965 3964 5956

N (int>3sigma)= 0 1639 1233 1592 1583 2232 2163 2171 3233
Mean intensity= 0.0 22.2 83 221 193 175 21.2 20.7 20.9
Mean int/sigma= 0.0 6.0 3.9 59 58 53 6.0 59 509

Advanced Light Source

An Office of Science User Facility
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m Rosseinsky et al

NIC28H1407N2
Trigonal P3

a=19.285 a =90
b =19.285 B =90
c =11.270 y =120
Volume = 3665.9

Advanced Light Source

An Office of Science User Facility
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m Sugercells

NiC28H140O7N2 NiC28H1407N2
Trigonal P3 Trigonal P3

a=19.285 o =90 a=33.521 o = 90
b =19.285 B=90 b =33.521 B =90
c =11.270 y =120 c =11.302 v =120
Volume = 3665.9 Volume = 10998

Advanced Light Source @ENERGY ‘\HI AL':)

An Office of Science User Facility



Supercells
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