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INFORMATION ABOUT THE USER LICENSE

This laboratory manual was written by Dr. Allen D. Hunter of the Youngstown State
University Chemistry Department from 1996 to the present. The author retains sole copyright on
this manual in both its printed and electronic forms.> Whether you obtained this manual directly
from him (i.e., as a registered user), through the agency of a registered user, or through one or
more intermediaries, the following license information applies to you. By using this manual for
your teaching, research, or other purposes you are accepting the terms of this license agreement.
The term of this agreement expires on December 31%, 2000.°

This laboratory manual is provided free of charge for use in both teaching and research to
educational and non-profit institutions. Corporate users are asked to contact the author about any
fees, which will depend upon the nature of the intended use. The source files for the manual may
not be edited/rewritten, however, hand written annotations before printing are allowed and are
even encouraged to make this manua of more use to your students. The sole exception to this
restriction is that licensed users may freely elect to duplicate and distribute parts/sections of this
manual to students if this makes financial and/or pedagogical sense to them. Licensed users may
of course distribute any supplementary materials they think valuable within the manual’s
bindings.* Redistributed outside of the original licensed site® without the author’s express written
permission is forbidden. Licensed users are permitted to copy and distribute this lab manual to up
to fifty users at their site at no cost. When the licensed user has this manual duplicated by their
department or campus print shop, book store, or commercia printer, the copyright remains with
the author. Because this manual was written to support the teaching of crystallography, cost to
the student is a major concern. Therefore, the license holder should endeavor to duplicate and
distribute this manual at the smallest possible cost. Student users may be charged no more than
reasonable costs for printing, binding (if any), and distribution. In no case, are these charges to
exceed $30.00 without the author’s permission. For the same reason, this manua is being
distributed to registered users electronically in Microsoft WORD 97, html, and pdf formats.
Where required, printed copies may be obtained from the author. [To keep cost down and to
save me some time, | am currently investigating having the Youngstown State University
bookstore, Polycrystal Book Service, the ACA, the IUCr, or some other group distribute
inexpensively bound printed copies of this manual for library use and/or for those preferring this
format.]

2 The author has consciously chosen to self publish and distribute this work for several reasons: to

keep costs to the minimum, to ensure the widest possible distribution and usage, to give him total creative control
and reduce hassles, and to enable rapid and timely revisions based on user comments. | would welcome reader
comments on the desirability of having this work formally published.
3 The limited term of this agreement is designed to encourage users to get the latest edition of this
lab manual.
4 The author does request that copies of any extensive annotations or supplementary materials be
forwarded to him for possible inclusion in future editions.

° A single site is defined as one university campus or physical |ocation.
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To aid in the writing of future editions of this manual,® al users are strongly encouraged to
send the author detailed comments’ on this manual, induding: spelling, grammatical, and
typographical errors, errors in the description of how the software functions and is used, errorsin
the crystallography described, sections of the text that are unclear, confusing, or need further
explanation or examples, omissions, formatting problems, additional literature/WEB references,
etc. The author particularly wishes to encourage users to write or help write new sections of text
to explain topics not covered, or are not covered in sufficient detail, in the current edition. He
strongly encourages users to send him crystallographic data sets that would be useful in teaching.
These will be posted on his WEB site. All data sets should include all required files and they
should be in formats such that may be used directly in SHELXTL. Submission would also be
much more valuable is they included information useful to students and instructors about the
crystallography of each compound (in the form short text documents/commentaries describing
interesting features and/or problems associated with the structure’s solution).

Each licensed user is required to fill out and sign the following license form and mail it to
the author. In addition, all users making copies of this manual for teaching purposes (even if they
are not the licensed user) are required to mail the author a signed copy of this form each year that
they use this manual. This user information is important, as it will be used to help justify the
expenditure of the author’s time in writing, revising, and distributing this teaching manua to the
crystallographic and educational communities during his annual reviews at Y SU, when requesting
internal support for this effort, and possibly to seek future external support for crystallography
education.

6 It is expected that this manual will undergo major updates at |east once a year for the next several

years with minor updates occurring more frequently.
! Such “error messages’ are most useful to me and will be more quickly incorporated into revised
editions if they list the page, section, and line(s) of each error and suggestions for the correction of each.
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LICENSE FORM: ADH-YSU X-RAY STRUCTURE SOLUTION LAB MANUAL

This License is From Dr. Allen D. Hunter for the Fall 1998 Edition Expires Dec. 31%, 2000

Name of Registered User/Instructor:

Department:

University /Organization:

Address:
Phone Number: ( ) FAX Number: ( )
E-Mail Address: @

Home Page: http://

For your site, please estimate the following:

Total number of copies to be made from 1999 through 2000:
Total number of undergraduate student users: 1999 through 2000:
Total number of graduate student users: 1999 through 2000:
Total number of post-doc users: 1999 through 2000:

Total number of faculty and staff users: 1999 through 2000:

For each courses which uses this manual, please estimate the following:

1% Course to use this manual;

Course Number: Semester/Quarter Offered:

Is this Course Offered Every Year?

Course Name:

Annual Undergraduate Student Enrollments: 1998/99  ,1999/2000___ , 2000/2001
Annual Graduate Student Enrollments: 1998/99  ,1999/2000___ , 2000/2001

2" Course to use this manual :

Course Number: Semester/Quarter Offered:

Isthis Course Offered Every Year?

Course Name:

Annual Undergraduate Student Enrollments; 1998/99  , 1999/2000___ , 2000/2001

Annual Graduate Student Enrollments: 1998/99 |, 1999/2000 _ , 2000/2001
Signature of Licensed User: Date:

Please mail the signed forms to: Dr. Allen D. Hunter, Department of Chemistry, Youngstown State
University, Youngstown, Ohio, USA, 44555-3663.
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Suqggestions for:

I mpr ovements/Deletions/Additions/Changes (to Futur e Editions of this M anual)

| am writing this manual as a resource for the crystallographic educational community. |
plan on improving future editions by incorporating feedback from manual users. This will be
facilitated by the fact that it is being distributed as a .pdf file which will alow regular revision and
rapid inexpensive distribution. For this to work, | need the user community to give me as much
detailed feedback as possible. This could take the form of short notes to myself on any minor or
major errors (and especially how to correct them!). | would also greatly appreciate longer
sections of text that could be directly inserted into the main body or as separate appendices on
topics not yet covered.

Known Problems With This Version of the Manual for Corrections in Future
Editions:

1. The graphicsis this .pdf file are at relatively low resolution because | have yet to find
an acceptable way to get higher resolution graphics from XP (for DOS) into MS Word
files, | welcome suggestions.

Thelist of teaching links isjust starting, | need more suggestions.

N
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The diagram shown on the cover represents the thought experiment of bouncing quantum

mechanical basket balls off of ateam and using the resulting diffraction pattern to calcul ate the players’ positions.
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PART |: GENERAL PROCEDURES FOR SOLVING STRUCTURES

CHAPTERI

CHAPTER I
CHAPTER III
CHAPTER IV
CHAPTER V

CHAPTER VI

CHAPTER VII

INTRODUCTION TO THIS MANUAL AND X-RAY
CRSYTALLOGRAPHY

DATA PREPARATION USING XPREP

FINDING TRIAL SOLUTIONS TO THE “PHASE PROBLEM” USING XS
THE ASSIGNMENT OF ATOMS USING XP

REFINING ATOMIC POSITIONS USING XL

CHECKING YOUR STRUCTURE FOR CHEMICAL REASONABLENESS
YOUR STRUCTURE MAY BE PRECISE BUT IS IT THE CORRECT
ONE?)

GENERATING MOLECULAR AND CRYSTAL STRUCTURE PLOTS
USING XP

CHAPTER VIII GENERATING TABLES FOR PUBLICATION USING XCIF
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CHAPTER XV. INDEX

It indexes the most important and/or commonly sought items in the manual, including:
terms, concepts, commands, and symbols.

Dear Readers. Please feel free to suggest additional entries that should be added to this

list.
%
m- the absorption coefficient 11-42
| - the wavelength of the incident ratiation 111-49
a aphacell angle 111-49
b beta cell angle 111-49
C chi axis 1-25
ggammacell angle 111-49
w omega axis 1-25
j phi axis 1-25
mx r 11-43
| /2sing limits on data for Direct methods 111-54
y -scan corrected data from X PREP 111-47
y -scan data: 11-43
y -scan plots from data collection 11-43
y -scans and absorption corrections 11-43
y -scans and the name.chi file 1-35
y -scans set up using Chi90 1-34
%
$E — this KEYWORD means apply the operation to all elements of this type VI1I-115
%

% probability of the displacement ellipsoid VII-112
%
&L.120 — this parameter is changed to resize the Tables for XCIF — US Paper V111-119, VIII-120
&1.128 — this parameter is changed to resize the Tables for XCIF — European Paper VI111-119, VIII-120

( |
(h®-1,2,3-(OMe€)3-5-(CO,Me)CeH2) Cr(CO)3) 111-48, 111-52, V-66, V-77, V11-84, 1X-123, X-191
\-ﬁ
/L sends the output to the printer VI1I-116
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[ |

[C] Set compound code number for tables VI111-118
[F] Structure factor tables from .fcf VI111-119
[N] Set next table number (currently 1) VI111-118
[R] Useanother filestoresolve ‘? items VI111-118
[S] Change Structure Code VIII-117
[T] Crystal/atom tables from .cif VI111-118
I |
|E? - 1] should be close to 0.968 (0.736) for centric (acentric) space groups 111-54
XE
<ctrl ¢> stop XSand XL immediately 111-49, V-71
<ctrl I> stop XSand XL at the next safe moment 111-49
<ctrl I> stop XSand XL at the next safe moment V-71
1 I
H scattering factors for neutron diffraction 1-29
H scattering factors for X-ray diffraction 1-29
2 I
2q angles required to get quality data for Direct methods: 111-54
2q axis 1-25
2q range 1-36
28 scattering factors for X-ray diffraction 1-29
2g angle 1-24
2qam 1-26
5 I
512 by 512 wire array in multi-wire area detectors 1-26
*Fe scattering factors for neutron diffraction 1-29
9 I
95adh06e is the name under which the calctest and plottest data was collected 111-48
|—A||
a axial length 111-49
A centered unit cell 111-49
a switch to the adrive in DOS XIl1-237
absolute configuration determination by XL V-68
absolute structure — getting it correct and using the Flack parameter V-69
absolute structure - incorrect and the invt XE "invt command in XP usually converts the absolute structure” command ---- V-69
absolute structure of your molecule or crystal V-68
absolute structures and the collection of Friedel pairs V-69
absorption coefficient 11-42
absorption coefficient and data procession 11-43
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Xl1-214

absorption coefficient in structure refinement table

absorption coefficients higher for Cu than Mo
absorption correction

1-23

1-32, 11-39, 11-42, 11-43

absorption correction — effects of one that is poorly done 111-54
absorption correction by XPREP 11-41
absorption correction method in structure refinement table X1-214
absorption correction require direction cosines in raw data: 1-37
absorption corrections by XPREP 1-35
Absorption Corrections by X PREP 11-43
absorption corrections using X PREP 1-38
ACA — American Crystall ographic Association X11-235
accel erators as sources of thermal neutrons 1-29
acentric space group 111-54
acetone as a crystallization solvent XIV-240
Acknowledgements 1-14
ACTA command in the name.ins file for XS and XL V-68, V-71, V-77, VIII-121, 1X-170, IX-174
Acta Crystall ographica: 1-36, XI1-226
AFIX — this command is used to generate/fix atoms for XL V-72
air conditioning 1-27
ALL - this KEYWORD applies the command to all atoms VI11-101, VII-115
ambiguous space groups and novices 1-18
amide N-H groups and hadd command of XP: V11-100
analogue to digital converter 1-26
analysis of refined solutions using XP 1-38
analysis of trial solutions using XP 1-38
ang formatted tables VI111-118
ANIS - this command gives anisotropic refinement V-67, IX-159, IX-164
ANIS - this command gives anisotropic refinement in XL V-72
anisotropic displacement parameters 1X-159, X1-219
anisotropic displacement parameters for “ calctest” , (h®-1,2,3-(OME)z-5-(CO;ME)CsH2)Cr(CO)s3) X1-219
Anisotropic Displacement Parameters Table from XCIF VI111-120
anisotropic model for all non-hydrogen atoms V-77
anisotropic orientations of displacement ellipsoids for structural fragments VI1-81
anisotropic plots IX-162, 1X-184
anisotropic refinement I1X-155
Anisotropic Stage of the Refinement V-67
annotated X SCANS manual 1-31
anomal ous dispersion V-69
anthrogenic crystals 1-36
anthrogenic crystals are typically ideally imperfect 111-51
anthrogenic crystals are typically refined using HKLF 4 V-73
arad — sets the atomic radii for space filling plots V11-96
arbitrary cut off for refined reflections based on intensities V-63
archiving raw data from diffractometer 1-29
area detectors — electronic and automated 1-26
aromatic C-H groups and hadd command of XP: V11-100
aromatics XIV-246
art form than a science XIV-239
artificially lower the symmetry of the space group 111-56
ASCII file 1V-57
ASCII format VIII-118
assigned crystal data and atomic positions 1-37
Atomic Coordinates and Equivalent Isotropic Displacement Parameters Table from XCIF VI111-120
atomic vibrations 1-23
atoms that become unusually large V-67
atoms that become unusually small V-67
attached atom refinement of hydrogens V-68
atyp this command sets display type of atom in plots V11-96
average measured crystal diameter 11-43
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axial views for plots with plottest

X-192, X-207, X-208, X-209

B I

b axial length
B centered unit cell

Back Up Your Files

ball and stick plot

Ball and Stick plot

Ball and Stick Plots

basketball

benzene as a solvate

best solution number

body centered (1) unit cell

BOND command for XL

bond radius

book keeping

Bruker AXS (Siemens)

111-49

111-49

11-40

backup copies of the INSfile 11-44
VII-112

VI1I-85

ball and stick plot for plottest X-191, X-193
VI1I-85

bang - produces an array of bond lengths and angles VI11-97
bang - produces an array of bond lengths and angles 111-53, 1V-60
bang/L - prints the array of bond lengths and angles 1V-60
bang/L - prints the array of bond Iengths and angles’ VI11-97
1-19

X1V-246

111-55, IX-131

blame the crystalsif XSfails 111-55
blowing up of atoms in refinement V-68
111-49

BOND $H command to include hydrogens V-68, V-72, V-77, VIII-121, IX-170
bond angles can be checked with bang and proj V-67
V-68

BOND command tells XL to save bond information V-72
Bond Lengths [A] and Angles [deg] Table X1-216
Bond Lengths and Angles Table from XCIF VI111-120
bond lengths can be checked with bang and proj V-67
VII-112

BONDTY PE parameter sets format of bonds in plots VII-114
1-35

Bravais Lattices — 14 types 11-39
Brookhaven protein data base - PDB V-75
X11-235

brute force with Direct methods 111-54
1-31

bulk sample and powder diffraction

C I

c axial length 111-49
C centered unit cell 111-49
c: - change drive command 11-40
c: switch tothe c drivein DOS XIl1-237
C14H14CrO8 1X-123
calctest 111-52, V-66
calctest.ins input file for XS 111-48
Calculate a Difference Electron Density Map V-64
Calculate an Observed Electron Density Map V-63
Calculate Partia Phases V-63
calculated el ectron density map 111-46, IV-57
calculated positions for hydrogen atoms advocated by some V-68
calixarenes as crystallization agents XIV-246
Cambridge Crystall ographic Data Base - CCDB VIl-121
Cambridge Structural Database XI11-235
Cambridge Structural Database - CSD 11-42
cartesian coordinates for the atoms in a structure VIII-121
Cartesian coordinates for the atoms in a structure V11-107
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1-27

CCD - charge coupled detectors and small molecul e crystallographer

CCDB — Cambridge Crystallographic Data Base
cd — change directory command

VI1I1-121, X11-235
11-40

XI1-237

cd \ move back to the main directory level in DOS

cd change directory in DOS
cd.. go back one directory level in DOS

XI1-237
XI1-237

CDCl3 as a crystallization solvent

XIV-240, XIV-244

CELL command for XS and XL

111-49, V-72, VII-116

Centering of unit cell

centering reflectionsin XSCANS
centric space group

centrosymmetric space group

centrosymmetric space group and R

CFOM - Combined Figure of Merit

CH.Cl; as a crystallization solvent
CH.Cl, as asolvate

CH3CN as a crystallization solvent

change the lattice exceptions

Chemical and Engineering News

chemical reasonableness
Chemical Reasonableness Criteria

Chi90 for Psi Scans Set Up

Chime for molecular graphics

chirality and special space groups

chirality of the crystal

chlorinated organics as solvates
choices for other potential cells

Choosing the Correct Space Group

CIF formatted file produced by XL

close contacts

close intermolecular contacts

callimator type and function

cell command in XP displays the current unit cell parameters V11-98
cell/L command in XP prints cell parameters: V11-98
cent in XP calculates and displays the centroids of groups of atoms V11-98
cent/L command in XP prints the equation of the centroid V11-98
cent/x places adummy atom in aring V11-89, X-192
cent/x places adummy atom in aring for plottest X-204
centered reflections (100) used to determine the unit cell parameters 1-36
11-39

1-30

111-54, IX-126, 1X-139

11-42, V-69, V-74

centrosymmetric space group and LATT 111-49
111-53

11-42, 111-55, 1X-131

XIV-240, X1V-242

X1V-246

X1V-240

challenging structures represent 10 to 30% of typical crystals 1-18
11-42

charge coupled device, CCD, area detectors 1-27
checking the data for internal consistency VIlI-121
Checking your structure for chemical Reasonableness V1-80
X11-225

chemical interest criteriafor pursuing tough crystallographic problems 1-18
1-33, IV-60, VI-80

VI-82

Chemistry 832: Solid State Structural Methods 1-16, XI1-223
Chi90 for low temperature data sets 1-37
1-34

XI11-236

chiral samples used to grow the crystals 11-42
VI1I-102

V-69

X1V-246

11-41

X11-234

CIF — Crystall ographic Information Format VIl-121
CIF files as used by X CIF to make tables VI111-118
CIF files -useful things for any chemist to do with them VIl-121
CIF format file of structure factors — name.fcf 1-35
CIF format file of structure solution from XL — name.cif 1-35
CIF format input into graphics programs like the WebL ab viewer VII-121
CIF formatted file from XPREP with data collection information — name.pcf 1-36
VIII-121

CIF structure factor table from XCIF VIII-119
VI-80

close contacts located via the envi command V11-99
VI-80

closed cycle refrigerators for the cooling gas stream 1-23
1-25

COLOR parameter used in XP to modify graphics output Vil-114
command in XP plots but does not save space filling models V11-88
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Command Lines for XL and XS V-71
connectivity table VI11-109
conservative assignment strategy 1X-137
constraints V-73
constraints generated by AFIX V-72
constraints to help with problem structures V-70
convection is generally your enemy in single crystal growth XIV-239
convection suppression in capillaries and gels XIV-242
convergence - adjusting L.S. value to push it to completion V-74
convergence — criterion for when it is obtained V-69
convergence - iterative cycling using XL and XP 1-38
convergence - when it was obtained for cal ctest 1X-184
convergence and when to add the WGHT command V-68
cooling water 1-28
coordination and organometal lic compounds and the Patterson method 111-46
coordination polyhedra— XP commands used to generate them V11-108
copy — detailed description of this DOS command XI1-237
copy — the DOS command to duplicate afile 11-40
copying this manual 1-2
copyright ownership by the author — Allen D. Hunter 1-2
cost — alowable cost of this manual 1-2
counting efficiency in area detectors 1-26
counting efficiency of point detectors 1-26
counting statistics and point detectors 1-26
counting statistics and their effect on scan time 1-26
crown ethers and cryptands used to modify ionic crystallizations XIV-246
cryogens for low temperature systems 1-23
crystal - search on crystals from JCE X11-230
Crystal Data and Structure Refinement Parameters Table from XCIF VI111-120
Crystal Data and Structure Refinement table for calctest XI1-214
crystal gardeners XIV-240
crystal growth — typical times XIV-239
crystal lattice — changing the type in XPREP 11-41
crystal quality - effects on diffracted intensity 1-23
crystal quality — methods for its eval uation: 1-30
Crystal size entry in the crystal datatable XI1-214
crystal size for neutron diffraction experiments 1-29
Crystal Structure Analysis for Chemists and Biologists by Glusker, Lewis, and Rossi XI1-223
crystal system — choice in XPREP. 11-42
Crystal system in structure refinement table X1-214
Crystal Systems— 7 types 11-39
crystal to detector distance 1-26
Crystallization by Cooling XIV-241
Crystallization by Diffusion Through Capillaries and Gels XIV-242
Crystallization by Slow Evaporation XIV-240
Crystallization by Solvent Layering XIV-242
Crystallization by Sublimation XIV-243
Crystallization From Melts XIV-243
crystallization space and systematic approaches to growing single crystals XIV-246
Crystallization Using Combinations XIV-243
Crystallization Using Mixed Solvents and Solvent Diffusion in the Gas Phase XIV-241
crystallographic coordinates of the atoms in a structure VI11-107
crystallographic information file — using ACTA to save required parameters V-71
Crystallographic Information Format - CIF VIl-121
crystallographically interesting cases and novices 1-18
crystallography - papers on its educational aspects X11-226
crystallography — search results from JCE XI1-227
crystallography — search results from JCE XI1-227
Crystallography Made Crystal Clear: A Guide for Users of Macromolecular Models by G. Rhodes XI1-223
CSD - Cambridge structural database — criteria for reasonable space group 11-42
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1-22

Cu tube has much higer intensity than Mo tube
Cu tube wavelength of 1.54178 A

1-22

XIV-246

cyclodextrins as crystallization agents

I - T

Data/ restraints / parameters listing in structure refinement table XI1-214
data collection parameters 1-36
data collection time 1-24
data collection times for neutron diffraction experiments 1-29
data collection using XSCANS 1-38
data processing computers - suggested features 1-28
data reduction by XSCANS: 1-36
data reduction using XPREP 1-38
data reduction using XSCANS 1-38
data to parameter ratio V-67
DEC VM S workstations for macromolecular structure determinations 1-28
decay of crystals in the X-ray beam 1-35
def formatted tables VIII-118
del etes stored planes V11-106
DELTA parameter in XP using to modify distances VI1I-115
DELU command for restraintsin XL V-72
DELU restrains all the named atoms to having the same displacement parameters V-72
demo routinein XP V11-98
demonstration “ video” V11-98
Density (calculated) in structure refinement table X1-214
density of solvents and rates of their mixing XIV-242
derivatives used to help get better crystals XIV-246
dessicator used to grow crystals in an inert atmosphere XIV-241
Determine or Input Space Group 11-41
Determine the Correct Space Group 11-41
DFIX command to fix distancesin XL V-72
diagis used to draw and display alabeled plot V11-98
difference electron density map V-64, V-65
diffracted intensities 1-23
diffraction search results from JCE XI1-228
diffractometer design and operation 1-21
diffractometer time limitations 1-19
diffractometers - funds to purchase the Y SU systems 1-14
diffusion of solvents through plastic cap XIV-244
diffusion through the gas phase XIV-242
dir command for DOS- give the directory for thisfile XI11-238
dir show directory contents command 11-40
Direct methods 111-46, 111-48, 111-52, 111-54
Direct methods - how it can be finessed 111-54
Direct Methods and XS 111-46
Direct methods as starting point for calctest analysis 1X-137
Direct methods command is TREF for XS 111-50
Direct methods input file name.ins for XS 111-48
Direct methods is the first choice for XS 111-54
Direct methods set up for XS 11-45
Direct methods to generate trial solutions V-66
Direct methods trial solution for calctest IX-124
Direct methods utility as a function of molecular structure 111-46
direction cosines and absorption corrections of raw data 1-37
disorder problems and help with problem structures V-70
disordered atom — approach to drawing it VI1I-116
displacement ellipsoid VI1I-112, VII-116
displacement ellipsoid boundary €llipse VI1I-116
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VI11-87

displacement ellipsoid plot

displacement ellipsoid plots
displacement ellipsoid plots at 100% for plottest

displacement ellipsoid plots at 50% for plottest

displacement ellipsoid plots at 75% for plottest
displacement ellipsoid plotsin stereo for plottest

VI1I-112
X-191, X-195
X-191, X-194
X-191, X-196

X-191, X-199, X-201

displacement ellipsoid plots in stereo with unit cell for plottest X-200
displacement ellipsoid plots without hydrogens for plottest X-198
displacement ellipsoids - football or pancake shaped objects V-67
displacement parameters V-67
displacement parameters - default values based on temperature V-75
DOS 1-28
DOS commands — a quick introduction XI1-237
DOS computer to run P4 diffractometers 1-28
Doubt — when you're not sure don’t assign atoms 1V-58
Doug Powell and Chi90 1-34
draw command used to change plotters V11-99
drop off inintensities in Q peak list 1V-58
drop off of inintensities V-67
dummy atoms VI1I-116
dummy bonds V11-89
duplicating this manual 1-2
dynamic diffraction model and ideal crystals V-73
dynamic diffraction model and perfect crystals 111-51, V-62
dynamic range in multiwire area detectors 1-26
dynamic range of point detectors 1-26

I - L —

EADP used to fix displacement parametersin XL
eden utility calculates electron density contours

V-73
V11-99

edit command in DOS used to change file contents

111-48, XI11-238

Editing Bonds and Adding Dummy Atoms
electron density contours for planes calculated by eden

V11-89
VI11-99

electron density distributions as accounted for by displacement ellipsoids

V-67

electron density peaks calculated by XL
electron density peaks referred to as Qs

VI1-82
111-46

1X-183

Electron density synthesis with coefficients

Electronic Submission to Acta Crystall ographica
€l ectroni cs maintenance requirements

VIl-121
1-28

electrons scatter X-rays

1-29

element symbolsin SFAC command
ellipsoidal model of the crystal for absorption corrections

111-50
11-43

embedded processors

1-27

emergency backup
Empirical formulain data collection table

11-40
Xl1-214

enantiomer — changed using invt command

END command for XS and XL input files
entropy induced defects as a function of crystallization time

V11-93, VII-101
111-48, 111-51, V-73

XIV-239

envi command for XP gives list of neighboring atoms and Qs

V11-99

V-73

EQIV command for XL gives symmetry information
equivalent isotropic displacement parameters

X1-215

equivalent molecules

VI11-105, VII-112, VII-114

equivalent positions
equivalent positions in name.insfile

111-50, V-75
1-36

error rate in published crystal structures

V1-80

V1-80

errors occur in up to 10% of published structures

esd — the estimated standard deviations of the unit cell parameters
estimated standard deviation of intensity of each reflection

111-49
1-36
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V-76

estimated standard deviations of unit cell parameters

ethanol as a crystallization solvent
ether as a crystallization solvent

XIV-240

XIV-240, XIV-242
1-28

Ethernet connections for data processing computers

European style paper and X CIF output files
evaporation of solvents and crystal growth

VI111-119
XIV-240

V-69

exceptional space groups and the invt command

exit command for XP:
exiting the XP routine

VI11-99
1V-61

EXTI command to refine extinction in XL

EXTI command to refine extinction in XL
extinction and its refinement by XL

V-68, V-77, IX-170, IX-174

V-73, 1X-172, IX-186
V-73

Extinction coefficient in structure refinement table

X1-214

extinction parameter in name.insfile
extinction refinement at the end of the refinement process

1-36
1X-185

extinction refinement by XL

V-68, 1X-170, IX-186

extinction’s affects on the intensity — structure factor relationship
extraneous materials and the initiation of crystal growth

111-51, V-73
XIV-245

EXYZ command to put atoms in same position in XL refinements

V-73

I —

1-36

F and s(F) and the HKLF code
F and s(F) and dynamic diffraction

F(000) in structure refinement table

111-51, V-73
X1-214

F? and s(F?) and the HKLF code
F? and s(F?) and kinematic diffraction

1-36

F4(1)32 — an exceptional space group

111-51, V-73
V-69

face centered (F) unit cell
face index the crystal

111-49
11-43

face indexing and absorption corrections

11-43

Faculty Development Time
Faculty Improvement Leave

1-14
1-14

Fdd2 — an exceptional space group:

V-69

file command to save the XP results
file command to save XP results:

1V-60

film based methods as area detectors - manual

111-53, VI1I-99
1-26

final plots for publication using XP
final tables for publication using XCIF

1-38
1-38

finesse Direct methods:

111-54

V-72

fix the distance between two named atoms using DFIX
fixing displacement parameters to help with problem structures

V-70

fixing X-H distances to help with problem structures

V-70

V-69

Flack parameter and choice of correct absolute structure
FLAT command to make atoms coplanar in XL calculations

V-73

floppy groups and their displacement parameters

VI-81

VI-81

floppy vs. rigid groups and their displacement parameters

Flow Chart for a Typical Structure Solution
FMAP command for XS

1-38

111-50, 111-52, V-77

fmol command for XP and establishing atomic connectivity:

111-53, 1V-58, VI11-99

Fo — the observed structure factor
Fo — the observed structure factor for dynamic diffraction and ideal crystals

VI1-82
V-62

Fo > 4 sigma(Fo) criteriafor observed reflections

111-53, 1X-147, IX-179

Fo and s(F,) intensity treatment using HKLF 3

F.> — the observed structure factor squared for kinematic diffraction of typical synthetic crystals

V-62
V-62

V-62

Fo? and s(Fo?) format for name.hkl from X SCANS
F.> proportional to intensity of typical anthrogenic crystals

focusing optics and their effects on X-ray beam luminosity:

V-62, VI-81
1-24

V-67

football or pancake shaped displacement ellipsoids
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Formulaweight in data collection table X1-214
Fourier peak calculation by XS 111-50
Fourier peak number in XS and XL set by PLAN command 111-51
Fourier refinement V-63
Friedel pairs and appropriate data for refinement of absolute structures: V-69
fuse command in XP and the fusing of close atoms V11-100
G I
G. Rhodes — Crystall ography Made Crystal Clear XI1-223
garbage peaks incorrectly assigned as real atoms 1X-137
Gateway2000% computers IX-124
Gateway2000* computers in our computing labs XI1-237
gem like facets 1-30
General Conditions for Crystal Growth XIV-239
general positions formulae in SYMM codes 111-50, V-75
generate trial solutions using XS 1-38
George Sheldrick 1-17, 1-32, V-62
ger formatted tables VI111-118
ghost Qs having low intensities 1V-58
give two or more atoms the same displacement parameters using EADP V-73
glass fibers used to mount crystals 1-25
glassy samples that look like crystals 1-30
global minimum solution V-66, 1X-137
glove bag used to grow crystalsin an inert atmosphere XIV-241
glove box used to grow crystals in an inert atmosphere XIV-241
Glusker, Lewis, and Rossi and the Crystal Structure Analysis text V-73
goniometer — the heart of a diffractometer 1-25
goniometer head — where the fiber holding the crystal is attached 1-25
goniometer heads should be numbered 1-29
good solvents from which to grow single crystals XIV-241
Goodness-of-fit on F*2 vale in structure refinement table XI-214
GOOF — be careful in trusting it VI1-82
GOOF as a criterion of the progress of a refinement V-65
GOOF as a criterion of the progress of a refinement, example in cal ctest I1X-179
graphical interface function of XP. IV-57
graphite crystal monochromator 1-24
grease and its effects on crystal growth XIV-245
green thumbs and growing crystals XIV-239
grow new crystals from a different solvent system 1-19
grow the atoms in fmal to generate complete moleculesin XP V11-100
growing of quality single crystals XIV-239
growing single crystals XIV-240
guest molecules required for crystallization XIV-246
%
hadd command generates idealized atoms in XP V11-100
hands on exposure to each of the steps in data collection 1-17
heat exchanger for cooling X-ray tubes 1-22
heavier elements and their effect on average atomic volumes 111-54
heaviest atoms as starting points for refinement 111-46
heavy atom substituents and Direct methods 111-46
help command in XP VI1-83, VII-101
hexanes as a crystallization solvent XIV-242
HFIX command to constrain and generate hydrogensin XL V-73, VII-101
highest symmetry space group 11-42
HKLF # command tells XS and XL how to interpret name.ins input intensities V-73
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HKLF 3 command and refinement on F 1-36, I11-51, V-73
HKLF 4 and refinement on F? 1-36, 111-48, 111-51, V-73
HKLF command in XS and XL 111-51
homogeneous X-ray beam diameter 1-25
host/guest supramolecular complexes and crystallization XIV-246
house keeping — the challenge of organizing the lab 1-29
HPGL - Hewlett Packard Graphics Language for plots V11-99
Hydrogen Atom Assignment and Refining V-68
hydrogen bonds | ocated via the envi command V11-99
Hydrogen Coordinates and Isotropic Displacement Parameters Table from XCIF VI111-120
hydroxyl groups and hadd command of XP: VI1I1-101
A
| — intensity of reflections V-62
I > x s(I) cut off parameter for included reflections V-63
I and s(I) information and its interpretation via the HKLF command 111-51, V-73
I and s(I) information in name.hkl 1-36, I11-51, V-62, V-73
I/s (1) ratio used as a cutoff in past refinement strategies V-62
1>2sigma(l) value in structure refinement table X1-214
14(1) — an exceptional space group V-69
14(1)22 — an exceptional space group V-69
14(1)cd — an exceptional space group V-69
14(1)md — an exceptional space group V-69
14bar2d — an exceptional space group V-69
IBM RS-6000 Unix workstations for macromolecular structure determinations 1-28
idealized coordinates for atoms from AFIX V-72
idealized coordinates for hydrogen atoms from HFIX V-73
ideally imperfect crystals and the kinematic diffraction model 111-51, V-62, V-73
imaging plate area detectors and macromolecular crystallographers 1-27
incident X-ray beam size set by pin hole diameter 1-25
incorrect assignments and failure in data refinement V-66
Independent reflections in data collection table XI1-214
induce crystallization using solvates XIV-246
inert atmosphere techniques for growing crystals XIV-241
info command in XP used to list positions and equivalent isotropic displacement parameters----------------- 111-53, 1V-58, VII-101
info/L command in XP used to print positions and equival ent isotropic displacement parameters--------------------- 1V-58, VII-101
initial model from XS 111-55
Inorganic Chemistry X11-226
inorganic molecules and the Patterson method 111-46
integrated intensity of each reflection 1-36
intensities almost proportional to F? 1-36
intensities of each reflection V-62
intensity drop off in list of Q peaks 111-53, 1V-58, V-67
intensity, relative, of X-ray and neutron beams 1-29
interatomic lines calculated by XP V11-94
International Tables 11-44, 111-50, V-75
International Tables of X-ray Crystallography XI1-223
International Union of Crystallography - I[UCr VIl-121
intuition an evaluating how reliable a structure solution is V1-82
invert each atom’s coordinates V11-109
Inverting Molecules V11-93
inverts atoms through the origin VI1I1-101
invt — and the seven exceptional space groups V-69
invt command in XP usually converts the absol ute structure V-69, VII-93, VII-101
invt command used to invert this plot for plottest X-205
i sotopes distinguished by neutron diffraction 1-29
isotropic displacement ellipsoidsin plot IX-153
isotropic displacement parameter chosen by HFIX VI1I-101
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isotropic displacement parameter refinement by XL V-66
isotropic displacement parameters V-66, 1X-143, IX-149, IX-151, 1X-155, 1X-159, X1-220
Isotropic Stage of the Refinement V-67
isotropi ¢ to anisotropic conversion of displacement parameters IV-58, V-72, IX-159
iterative approach to least squares refinement V-62
IUCr — instructions on el ectronic submissions via this file format VIl-121
IUCr — International Union of Crystallography VIl-121
IUCr — WEB address for CIF instructions XI11-235
IUCr Commission on Crystallographic Teaching X11-235
IUPAC names for compounds 1V-60
\-&
J. P. Glusker, M Lewis, and M. Rossi and the Crystal Structure Analysis text XI1-223
JCE - Journal of Chemical Education search of keywords, titles, and authors X11-227, X11-228, X11-230
John C. Huffman and the Indiana University Molecular Structure Center X11-235
join command used to add bonds to a plot for plottest X-203
join command used to add bonds to a plot in XP: V11-89, VII-102
Journal of Chemical Education - JCE XI1-226
Journal of Chemical Education - online searches X11-226
Journal of the American Chemical Society X11-226
\-&
Kevin Cowtan and his Fourier transforms in crystall ography site X11-235
KEYWORDS used by many XP commands VII-115
kill command of XP used to delete specified atoms 1V-60, VII-102
kinematic diffraction model and ideally imperfect crystals 111-51, V-73
knocking the crystal off the goniometer head 1-25
Ka radiation produced in X-ray tubes 1-22
Ka radiation selected by monochromator 1-24
L I
L.S. command tells XL how many cycles to run calculation V-74, V-77, 1X-143
L.S. value increased near end of refinement 1X-186
labels on H and brackets on atom numbers V11-103
labels on H and no brackets on atom numbers: V11-103
labl command tells XP how to label the plots VI1-84, VI1-103
lamellar model of the crystal for absorption corrections 11-43
large displacement parameters 1V-59
large unit cells 1-26
larger crystalsto improve S/N 1-24
Largest diff. peak and hole in structure refinement table XI1-214
late stage of refinement V-77
LATT command tells XS and XL the lattice type 111-49, V-74
learn best with your hands 1-17
least squares planes calculated by XP V11-94
LESS KEYWORD tells XP to omit subsequent atoms VII-112
LESS this KEYWORD tells XP to omit subsequent atoms VI1I-115
libr command tells XP to carry out alibrational analysis V11-103
library holdings of crystallographic references XI1-223
Licence Form: ADH-Y SU X-ray Structure Solution Lab Manual 1-4
license form to be mailed to this manual’ s author 1-3
license terms for this lab manual 1-2
light atom positions from neutron diffraction 1-29
Limiting indices for data collection in data collection table XI1-214
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line command used to calculate the equation of alinein XP VI1-94, VI1-104
line/L command used to print the equation of alinein XP V11-94, VII-103
link command used to attach two atoms with a dashed linein XP VI1-89, VII-104
linked parameters to help with problem structures V-70
liquid nitrogen used to provide cooling for low temperature data collections 1-23
LIST command tells XS and XS to save and hkl file V-74
local minimum solution: V-66
longer wavel ength radiation increases the intensity of incident radiation for same tube power 1-24
Lorenz effects 1-35
Louis Pasteur and separating enantiomeric crystals by hand V-69
low angle reflections distorted by beam stop V-63
low temperature and its effect on S/N 1-24
low temperature data collections 1-34, 1-37
low temperature system for data collection 1-23
lower symmetry space groups 111-50, V-75
Lp effects 1-35
luminosity of X-ray beams 1-24
M I
macromol ecular crystallographers and imaging plate systems 1-27
macromolecular crystallographers and their extension of CIF VIlI-121
macromol ecular sample data from multi-wire area detectors 1-26
macromol ecular structures require high end workstations 1-28
Main File Types 1-35
matr command in XP is used to orient molecular views to specified axes------------=-------- VI1-86, VII-91, VII-104, X-192, X-207
Max. and min. transmission values in structure refinement table XI-214
maximum dimension of the crystals 1-25
maximum index values and data quality for Direct methods 111-54
maximum power of X-ray tubes set by cooling limitations 1-22
maximum power on the X-ray tube to increase its luminosity 1-23
maximum time for XS and XL calculations V-75
md — make directory command in DOS 11-40, XI11-238
melting point, displacement ellipsoids, and low temperature data collection 1-23
mental health and the wisdom of attempting non-routine structures 1-19
merging of data by XPREP 1-35
met formatted tables VIII-118
metal containing molecules and Direct methods 111-46
methanal as a crystallization solvent XIV-240
methyl CH3 groups and hadd command of XP V11-100
methyl groups and hadd command of XP VI1I-101
mgen command generates symmetry equivalent moleculesin XP VI11-105
microscopes used for crystal inspection 1-29, 1-30
mineral crystals are typically refined using HKLF 3 V-73
mineral crystals grow over multiyear periods XIV-239
mineral crystals may be close to perfect 111-51
minerals and treatment of intensity data 1-36, V-62
minimum power of the X-ray tubes 1-22
mirror optics and their effects on X-ray beam luminosity 1-24
Mo tube has much lower intensity than Cu tube 1-22
Mo tube wavel ength of 0.71073 A 1-22
model diffuse solvent molecules V-75
modify the formula 11-42
molecular formulain name.ins file 1-36
molecular fragments and the orientations of their displacement ellipsoids VI1-81
mono view of molecules VII-90
MORE command modifies verbosity of Xsand XL output 111-51, V-74
moved to a bad position 1X-153
mpln command in XPis used to calculate planes V11-94, V1I-106
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mpln/L command in XP is used to print planes

V11-95, VII-105

multiplex advantage from area detectors on S/N

multiplex advantage from area detectors yields quicker data collections

multi-user environment

1-24
1-26

1-35

multi-user facility
Multi-wire area detectors

1-29
1-26

I —

name command of XP is used to rename atoms V11-106
name compounds consistent with common usage in the field 1V-60
name._lg 1-35
name.ang 1-33, 1-35
name.chi 1-34, 1-35
name.cif 1-33, 1-35
name.def 1-33, 1-35
name.fcf 1-33, 1-35
name.hkl 1-32, 1-35, 111-51
name.inp 1-34
name.ins 1-32, 1-36, 11-44, 111-49, IV-57, VV-68
name.int 11-45
name.int — backup copy of name.insfile 1-36
name.inz 11-45
name.inz — second backup copy of name.insfile 1-36
name.lst 1-33, 1-36
name.ort 1-33, 1-36
name.p4p 1-32, 1-36
name.p4t 1-36
name.pat 1-34
name.pcf 1-32, 1-33, 1-36
name.plt 1-33, 1-36
name.pow 1-34, 1-36
name.prp 1-32, 1-36
name.psi 1-32, 1-36
name.psr 1-34, 1-37
name.pst 1-37
name.raw 1-32, 1-37
name.rep 1-34
name.res 1-33, 1-37, IV-57, V-68
name.sft 1-33, 1-37
national 1abs as synchrotron X-ray sources 1-24
National University of Ireland at Galway X11-235
Nature X11-225, XI1-226
Nature: Structural Biology X11-226
nE and brute force Direct methods 111-55
neutron beam intensity: 1-29
neutron data analysis by XL V-79
neutron data analysis by XS 111-56
neutron diffraction patterns 1-29
neutron diffractometer 1-29
next command in XP for recalling saved parameters V11-106
NMR 1-16, 1-28
NMR Tubes X1V-244
no labeling on plots using XP labl command V11-103
no labels on H and brackets on atom numbers V11-103
no labels on H and no brackets on atom numbers V11-103
non-centrosymmetric but nonchiral space groups V-69
non-centrosymmetric space group V-69, V-74
non-centrosymmetric space group and LATT 111-49
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non-centrosymmetric space group and R

non-H atomic volume

normalized scattering factors

NSF-RUI grant

nuclei scatter neutrons

number of faculty and staff users

number of graduate student users
number of post-doc users

111-53

11-42

non-hydrogen atom atomic volume — typical values 111-54
non-hydrogen atoms — located using XL and XP V-66
non-hydrogen atoms located by TREF in XS 111-53
non-hydrogen atoms refined before EXTI command added for XL V-73
nopl command in XP deletes list of stored lines and planes V11-103, VII-106
1-29

novice user is the target audience for this manual 1-18
1-14

nuclear reactors as sources of thermal neutrons 1-29
nucl eating agent and the initiation of crystal growth XIV-245
1-29

number of atoms of each type in the unit cell 111-50
number of copies to be made from 1998 through 2000 1-4
1-4

I-4

I-4

1-4

number of undergraduate student users

©) I

OBOR Action Fund grant

OBOR Investment Fund grant

OH groups and hadd command of XP

Ohio Board of Reagents grant

Ohio Crystallography Consortium - OCC

optical isomer choice and XL

optically active crystals

organic molecules and Direct methods

Organometallics

1-14

1-14

Observed and cal culated structure factors table for cal ctest XI-221
observed structure factors and dynamic diffraction by perfect crystals V-62
observed structure factors squared and kinematic diffraction by typical synthetic crystals V-62
OCC - the Ohio Crystall ography Consortium 1-24
occupancies -strategies for fixing to help with problem structures V-70
ofit command is used to fit atoms to modelsin XP V11-107
VI11-100

1-14

1-24

OMIT command tells XS and XL to omit specific reflections from calculations 111-51, V-63, V-74, 1X-126
operating expenses for single crystal diffractometers 1-28
operating systems for data processing computers 1-28
V-69

V-69

order of thelinesin XS and XL name.insinput fileis critical 111-50
organic compounds and Patterson methods 111-46
111-46

organometallic molecules and the Patterson method 111-46
XI11-226

orient molecular views using proj command in XP VI11-109
orientation matrix is specified by the matr command in XP VI11-105
ORTEP plots vs. displacement ellipsoid plots V11-87
orth command in XP produces a table with the atoms in orthogonal (Cartesian) coordinates V11-107
orthogonal coordinates for the atomsin a structure VI1-107, VIII-121
orthogonal (Cartesian) coordinates for the atomsin a structure 1-33, 1-36
X1-215

orthogonalized Uij tensor

I —

pack command in XP is used to interactively set up packing plots

V11-91, VII-107, X-206

Packing Diagrams:
page command in XP adds a blank page

V11-90, VII-91
V11-107

VII-115

PARTnN this KEYWORD is used to indicate fragments of amolecule

PATT command for XS

111-48, 111-50, 1X-138, IX-139
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Patterson method set up for XS

PDB — protein data base
peak power of the X-ray tube

phase problem and XS

photomultiplier tube

Physics Today:

point detectors
polarization effects

polarizing light

Polaroid rotation photographs

Polycrystal Book Service

postscript format for plots

powder diffraction pattern

primitive (P) unit cell

print the following file in DOS

PATT vs. TREF - choosing alternate XS method 111-53
Patterson method — with which molecules does it work best 111-46
Patterson method as starting point for calctest analysis 1X-137
Patterson method is the second choice for XS 111-54
11-45, 111-48

Patterson method should be tried when Direct method fails 111-55
Patterson method to generate trial solutions V-66
Patterson method used where Direct methods fail IX-138
Patterson methods command is PATT for XS 111-50
Patterson methods input file name.ins for XS 111-48
Paul Boyle's WEB site on growing single crystals X11-235
pbox command of XP defines the size of the box to be filled with molecules VI1-91, VII-107
pbox command used for packing plot for plottest X-206
V-75, XI1-235

1-28

peak profile information removed in name.raw 1-37
peak profiles — scanning with point detectors: 1-26
peak profiles observed with XSCANS 1-30
Pentium class chips for data processing computers 1-28
Pentium computer used for calctest calculations 1X-124
perfect crystals and the dynamic diffraction model 111-51
pers command gives ball and stick view on the screen using XL V11-85, VII-108
personal computers are excellent for solving small molecul e structures 1-28
pgen command is used to generate coordination polyhedrain XP V11-108
phase problem and approaches to refining data V-62
111-46

Philosophy for teaching crystall ography 1-17
phosphors used for X-ray detectors 1-26
1-26

X11-225

pick command and the interactive assignment of Qsin XP 111-53, 1V-59, VI1-108
pick/H command labels all atoms including the hydrogensin XP V11-108
pin hole diameter sets X-ray beam diameter 1-25
PLAN command sets number of Q peaks from XS and XL 111-51, V-74, VV-77, 1X-124
Plot of Example with only Non-Hydrogen Atoms 1X-150
1-25, 1-26, 1-28

1-35

1-30

1-30

polp command for drawing coordination polyhedrain XP V11-108
poly command for drawing coordination polyhedrain XP V11-108
1-2

polycyclic aromatic hydrocarbons and their effects on average atomic volumes 111-54
poor solvents used to cause single crystals to grow XIV-241
porphyrin compounds as crystallization agents X11-233, XIV-246
positive and negative signs of neutron scattering factors 1-29
post command of XP is used to make posters V11-108
posters via the XP post command V11-108
VI1I-99

1-31

powder X-ray data from multi-wire area detectors: 1-26
precise answer that is actually wrong V1-80
prev command of XP returns molecule to its previous orientation V11-108
previous orientation returned using the XP prev command V11-108
111-49

prin command in XP prints the output files V11-108
print command in XP prints the output files V11-108
X111-238

print the specified filename in black and white using rast VI11-110
VII-110

print the specified filename in color using rast/c
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professional crystallographer

XV-264

1-14

proj command in XP is used to orient molecular views
protein crystallographers

111-53, VI1I-85, VII-109
XIV-239, XIV-242, XIV-246

Protein Data Bank
Proven methods for growing crystals

X11-235
XIV-240

prun command in XP removes all bonds to an atom

V11-89, VII-109

publication quality plots
purification of materials as an aid to their crystallizations

1-33
XIV-244

push command is used to shift atoms in the unit cell

V11-109

< N—

Q-peaks

Q peak information from the info command 1V-58
Q peak number from XS and XL set by PLAN code 111-51
Q peaks and the residual electron density map 1X-143
Q peaks assigned by pick V11-108
Q peaks assigned during the calctest refinement 1X-149
Q peaks cut off based on intensity drop V-67
Q peaks deleted with the kill command 1V-59
Q peaks identified as hydrogens V-68
Q peaksin the fmoal list V11-99
Q peaks near a defined atom listed by envi command V11-99
Q peaks number set by the PLAN command in the name.insfile V-74
Q peaks observed directly from XS 111-46

1-37
quality crystals and their effect on SN 1-24
quit command in XP stops any printer output VI11-109

R I

R factor

r - the average crystal diameter for absorption correction 11-43
R — the residual index — be careful in trusting it V1-82
R — the residual index use in monitoring the refinement V-65

111-53
R factor criterion for correct chirality V-69

R factor for calctest
R indices in structure refinement table

1X-143, IX-152, 1X-156, IX-160, 1X-166, 1X-172

X1-214

R values

V-63, V-66

R(int) - the agreement between the intensities of equivalent reflections
R(int) for calctest

11-43
X1-214

R(int) ideal values

111-54

R. E. Marsh

XI1-234

R1 - the simulated residual parameter
R1 - the simulated residual parameter based on Fo and Fo>4s (F,)

1X-179
VI-81

VI-81

R1 - the simulated residual parameter based on Fo

R1 - the simulated residual parameter based on Fo and all data
RAM required for data processing computers

VI-81
1-28

RAM used for the calctest cal cul ations:

1X-124

111-54

random statistical fluctuations in the peak intensities

RasMal for molecular graphics
rast command is used by XP to send a black and white plot

rast/c command is used by XP to send a color plot

X11-236
V11-85, VII-110
V11-85, VII-110

rated power of the X-ray tubes
Rates of Crystal Growth

1-22
XIV-239

rd- deletes adirectory in DOS

XI11-238

VI11-110

read command loads atoms into XP from a specified file

reap command loads atoms and Qs into XP from a specified file
recalcitrant data sets and novices

VI11-110
1-18
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reciprocal space plotsin XPREP 11-44
reduced data set in the name.raw file 1-37
reduced reflection data in the name.hkl file 1-35
reference materials for crystallography XI1-223
Refinement method in structure refinement table XI-214
refining against F2 superior for all conventional crystals V-62
Refining Atomic Positions V-62
refining of occupancies with the total occupancies for sites fixed V-70
refining of solvent occupancies to help with problem structures: V-70
Reflections collected in data collection table XI-214
registered user -2, 1-4
rel ative geometry of fragments from XSisreliable 111-46
REM command is used to comment to oneself in name.ins files 111-51, V-74
remove bonds between atoms VII-113
ren — rename the filein DOS XII11-238
Renninger reflections and problem structures V-70
reports and publications VIII-117
representative nature of the bulk sample 1-31
Research Professorships 1-14
residual electron density V-64, 1X-143, 1X-151, IX-155, 1X-159, IX-164, 1X-170, IX-186
residual electron density map V1-82
residual index 111-53
residual parameter VI1-81
resolution of data restricted by SHEL command V-74
resolution of the data and its relationship to 2q angle 1-24
resol ution requirements and their effects on S/N 1-23
resolved samples for use in growing crystals 11-42
restrained GOOF IX-179
restraints to help with problem structures V-70
restraints using DELU command V-72
rhombohedral obverse unit cell 111-49
riding models to help with problem structures V-70
rigid body models may be used when the quantity of datais low V-67
rigid body models to help with problem structures V-70
rigid groups and their displacement parameters VI1-81
rigid vs. floppy groups and their displacement parameters VI1-81
rotating anode source for luminous X-rays 1-24
rotation photographs taken with Polaroid camera to evaluate crystals 1-30
routine crystal structures are food for novices 1-18
routine structures represent 70 to 90% of typical crystals 1-18
RTAB command gives information on symmetry V-73,V-74
Rw — the weighted residual index — be careful in trusting it VI1-82
Rw — the weighted residual index use in monitoring the refinement V-65
\-&
SIN ratios — how they can be increased 1-23, 1-24
SAFETYTIP XIV-240
samples should be kept in the dark for single crystal growth XIV-239
saturated solutions required for crystallization XIV-241
save command used to back up your work in XP VI11-110
scale and merge data sets 1-32
scanning of peaks by point detectors 1-26
scattering power of each atom typeis called by SFAC 111-50
scattering power range is narrow for neutrons 1-29
scattering power range is wide for X-rays 1-29
Science X11-225, XI1-226
sealed tube X-ray generators 1-22, 1-28
Search for Higher Metric Symmetry 11-41
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secondary CH> groups and hadd command of XP V11-100
seed crystals used to induce single crystal growth XIV-244
Selected Bond Lengths and Angles Table from XCIF V111-120
selective adsorbent to aid removal of better solvent XIV-242
Semi-empirical from psi-scans — absorption correction type for calctest XI1-214
semi-invariants and direct methods 1X-131
semi-invariants and Direct methods 111-55
sequential strategies for growing crystals XIV-245
serial detectors and the size of the data files they produce 1-26
several atoms occupying the same or very close sites V-70
SFAC command tells XS and XL which element as present 111-50
SFAC command tells XS and XL which elements are present 111-52, V-74, VV-77, V11-106, VII-116
sfil command used by XP to make space filling plots V11-88, VII-110
sfil space filling plot for plottest X-192, X-210
sfil space filling plot in stereo for plottest X-192, X-211
sgen command generates additional atoms with the specified properties VIl-111
sgen/fmol button on proj VI11-91
SGI Unix workstations for macromolecular structure determinations 1-28
Shake and Bake to help with problem structures V-70
SHEL command is used to restrict the resolution of the datain XL and XL V-74
SHELXTL Input Files 11-44
SHELXTL software package 1-32
SHELXTL XTEXT format and A VIII-118
SHELXTL XTEXT format and metric VIII-118
SHEL XTL-97 version of the program 1-32
shift/standard — maximum allowable value at convergence V-69
shifts coordinates by dx dy dz VI11-109
signal to noise criteria for quality data V-68
signal to noise ratio dependence on experimental parameters 1-22
signal to noise ratios 111-51
signal to noise requirements of Direct methods 111-54
SIMU command is used to restrain displacement parametersin XL V-75
simulated .hkl file 1-36
Simulated Powder Patterns 1-34
simulated residual parameter VI1-81
simulated weighted residual parameter V1-82
SINCRIS list of crystallographic software XI11-235
sliding rail upon which detector is mounted 1-26
solubilities — ideal values for crystallization XIV-240
solubility decreases with temperature XIV-241
solvates often induce crystallization XIV-246
solvent density and layering XIV-242
Solvent Effects in Organic Chemistry by Reichardt XI11-233
Solvent Properties and Saturated Solutions XIV-240
solvent pumps for slow solvent addition XIV-241
solvents - choosing solvents for growing single crystals XIV-241
sort this XP command sorts atoms as specified VIl-111
sort/H this XP command sorts atoms without placing hydrogens after their parents VIl-111
sort/N this XP command sorts atoms by their numbers VIl-111
Sorting atom lists 1V-60
space filling molecular model VI11-110
space filling mol ecules displayed by spix command VIl-111
Space Filling Plots V11-88
space group V-69
space group — changing you choice 11-44
space group — choices given 11-42
space group — effects of the wrong choice 111-54
space group — input known group 11-42
space group and SYMM codes 111-50
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space group choice and LATT V-74
space group choice and SYMM V-75
space group class choices indicated by LATT 111-49
space group determination using XPREP 1-32, 1-38, 11-41
Space Group Determination Using XPREP 11-41
space group determination using XSCANS 11-39
space group for cal ctest(plottest) 1X-123
space group in name.insfile 1-36
Space group in structure refinement table X1-214
space group should be checked if XSfails 111-55
Space Groups — 230 types 11-39
Space Groups and their originsin symmetry 11-39
Special Orientations V11-86
speed of calculations 1-32
speed of data analysis 1-32
spherical electron density models V-66
spix command in XP plots but does not save space filling models VIl-111
spix space filling plot for plottest X-192, X-212
Stages of an XL Refinement V-66
standard deviation of these intensities V-62
standard reflections 1-36
Steffen Weber at NIRIM X11-236
stereo displacement ellipsoid plots for plottest X-191, X-199, X-201
stereo displacement ellipsoid plots with unit cell for plottest X-200
stereo plotting parametersin XP VIl-112
stereo view VII-112
stereo view distance VII-112
stop at the next safe moment 111-49, V-71
stop immediately 111-49, V-71
stopping printer output using the quit command in XP VI11-110
streaking in rotation photographs 1-30
strong peaks in the Q peak list 1V-58
strongest peaks and point detector scanning 1-26
structure factor table — when to print it VIII-117
Structure Factor Table from XCIF VIII-120
structure factors — printed from X CIF before publication VI111-119
structure factors and their relationship to intensity data V-62
structure factors listed in name.sft file 1-37
structure refinement 1-32
structure refinement using XL 1-38
substructures you know as starting points for refinement 111-46
SUMP command is used to restrain sit occupanciesin XL V-75
supplemental air conditioning 1-27
Supramolecular Complexes: XIV-246
surface treatment of container walls for growing single crystals XIV-245
SWAT command is used to model diffuse water in XL calculations V-75
SYMCODES are the code numbers for symmetry related molecules VIl-111
SYMM command tells XS and XL about the unit cell symmetries 111-50, V-75
symmetry elements near atoms in the unit cell 111-54
symmetry equivalent atoms V11-100
synchrotron source for luminous X-rays 1-24
Syntheses In Situ XIV-243
synthesize a derivative of the molecule of interest 1-19
synthetic chemist 1-14
synthetic chemists and the growing of single crystals XIV-239
systematic absence information in XPREP 11-42
systematic absences — check that they match 11-44
systematic methods to enhance crystal growing success XIV-246
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Table1. Crystal dataand structure refinement for “ calctest” , (h®-1,2,3-(OME)3-5-(CO:ME)CH2) Cr(CQ)3) ------nnn---=-- X1-214
Table 2. Atomic coordinates and equivalent isotropic displacement parameters for “ calctest”, (h®-1,2,3-(OME)z-5-

(COME)CsH2)Cr(CO)3) X1-215
Table 3. Bond lengths and Angles for “ calctest” , (h®-1,2,3-(OME)3-5-(CO2ME)CsH2) Cr(CO)3) X1-216
Table 5. Hydrogen coordinates and isotropic displacement parameters for “ calctest” , (h®-1,2,3-(OME)s-5-

(COME)CsH2)Cr(CO)3) X1-220
Table 6. Table of Structure Factors for “ calctest” , (h®-1,2,3-(OM€)3-5-(CO:Me)CsH2)Cr(CO)s) XI1-221
TABLE OF CONTENTS 1-5
telp command sets up plot files for plottest X-200
telp command sets up plot filesin XP V11-85, VII-111
TEMP command is used to tell XS the data collection temperature V-75
temperature and its effect on default displacement parameters V-75
Temperature in data collection table X1-214
temperature must remain relatively constant for single crystal growth XIV-239
temperature ramping and slow crystal growing XIV-241
temporary save within XP VI11-110
terminal CH; or NH; groups and hadd command of XP VI1I-101
tertiary C-H groups and hadd command of XP V11-100
The Journal Of Chemical Education XII-225
thermal gradients XIV-241
thermal neutron wavelengths of about an A 1-29
thermal neutrons used for diffraction studies 1-29
Theta range for data collection in data collection table XI1-214
theta/2theta data collection mode 1-36
THF as a crystallization solvent XIV-240
Things to try when Direct methods fails 111-54
thiourea form host channels to induce crystal formation XIV-246
three dimensional structures viewable with proj command V-67
TIME command sets the maximum time for XS and XL calculations 111-51, V-75
TITL command gives name and space group in XS and XL 111-49, V-75
title VII-113
TO this KEYWORD defines alist of atoms VII-115
Toledo and the OCC diffractometers 1-24, 1-27
toluene as a crystallization sol vent XIV-240, XIV-242
toluene as a solvate XIV-246
Tony Day’s WEB page on protein folding X11-235
tors command of XP calculates torsion angles VI1-94, VII-113
tors/L command of XP prints torsion angles VI11-113
torsion angles calculated by XP V11-94
torsion angles from the tors command VI11-113
total power of the X-ray tubes 1-22
transition element compounds and Direct methods 111-46
transition metal compounds and the Patterson method 111-46
transmission factors — minimum and maximum 11-43
TREF 10000 50 command for XS 111-55
TREF 2000 command for XS 111-55
TREF command for XS 111-48, 111-50, 111-52, 111-54, 1X-124, 1X-125
TREF -solution # - changing to get additional Direct methods solutions 111-55
TREF vs. PATT - choosing alternate XS solution method 111-53
Trial Solution from XS V-66
trial solutions evaluation by XP: 111-53
trial solutions from Direct methods 111-46
trial solutions from XS for calctest IX-124
trial solutions to the phase problem from XS 1-32
tutorial manual for XSCANS 11-39
TWIN command used to refine twinned datais XS and XL V-75
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twinned crystal effects on XS success 111-54
twinned crystals and novices 1-18
twinned crystals and the TWIN command V-75
twinned data set refinement to help with problem structures V-70
TYPE command is used to modify how atoms are plotted VI1I-116
TYPEN this KEYWORD from XP is used to designate atom types VI1I-115
%
uniq command in XP prunes the atom list Vil-114
unit cell axial lengths 111-54
unit cell axial lengths and angles 111-49
unit cell axial lengths and angles from CELL command V-72
unit cell contents 1-32, 11-42
unit cell determination in XSCANS 1-30
Unit cell dimensions in data collection table XI-214
unit cell outline VII-109, VII-112
unit cell parameters - esd values from ZERR V-76
Unit cells and their relationships to space groups 11-39
UNIT command tells XS and XL how many of each element are present 111-50, V-75, V-77
UNIT command tells XS and XL how many of each element type are present 111-52
unusual bond distances and angles V1-80
user friendly XSCANS manual 1-19

I —

verbosity level of XS and XL output set by the MORE command V-74
vibration levels need to be minimal for single crystal growth XIV-239
view command can be used to look at any specified plot file Vil-114
viscosity of gels XIV-242
Volume of crystal in data collection table XI1-214
volume of the unit cell per non-hydrogen atom 111-54

I ——..

wandering off of atoms in refinement V-68
water as a solvate XIV-246
Wavelength in data collection table XI1-214
wavelength of the radiation from CELL command V-72
wavelength of the radiation in the diffraction 111-49
weak peaksin the Q peak list 1V-58
weaker peaks and point detector scanning 1-26
WebLab Viewer for molecular graphics XI11-236
WebLab Viewer input filesin CIF format VIl-121
weighted residual parameter VI1-81
weighting function IX-170
weighting function and refinement by XL V-76
Weighting of the calctest solution IX-179
weighting parameters in name.insfile 1-36
WGHT command tells XL how to treat weighting V-68, V-76, V-77, 1X-159, 1X-167, IX-174, IX-186
white board for tracking goniometer heads 1-29
white board for tracking goniometer heads 1-25
Windows NT workstations for macromolecular structure determinations 1-28
Wintel computers XI1-237
workstations for macromolecular structure determinations 1-28
WPDB causes the data to be saved in PDB format after XL V-75
WR — the weighted residual index V-65, VI-81
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WR2 the simulated weighted residual parameter IX-179
write protect you backup disks 11-40
wrong absol ute structure warning and the invt command V-69
wrong space group effects on XS success 111-54
X I
XCIF X1-213
XCIF — Generating Tables for Publication VIII-117
XCIF — input data from ACTA command V-71
XCIF — Using it to generate Tables VIII-117
XCIF for Table Preparation 1-33
XCIF is used to prepare tables for publication V-68
Xenon detector gas 1-26
XFOG to Simulate hkl files 1-34
XFOG used to Simulate hkl files 1-36
XL V-77
XI — Example Adding in the Hydrogens 1X-164
XL - Example finding remaining Non-Hydrogen Atoms IX-151
XL — Example of calculation gone to Convergence 1X-186
XL — Example of finding most Non-Hydrogen Atoms 1X-143
XL - Example refining al non-hydrogen atoms IX-155
XI — Example refining non-hydrogen atoms as Anisotropic: I1X-159
XL - Latter Stages of Refinement V-77
XL - Summary of Commands V-71
XL an Introduction V-62
XL and XS use many of the same command 111-49
XL for Structure Refinement 1-33
XP—using it to generate plots V11-83
XP and the assignment of atoms IV-57
XP Commands - Alphabetical Listing V11-96
XP for Data Analysis and Graphics 1-33
XP starting this routine 1V-58
XPtoillustrate aleast squares planes cal culated by XP: X-191
XPOW is used to calculate powder patterns 1-36
XPOW to Cal culate Powder Patterns 1-34
XPOW/XFOG used to calculate powder patterns 1-31
XPREP — Preparing Y our Data 11-41
XPREP and Introduction 11-39
XPREP for Data Preparation 1-32
XPREP used to define unit cell contents 11-42
XPS for Fragment Searchs 1-34
XPS to find a solution 111-56
XPSto help with problem structures V-70
X-ray beam intensity 1-29
X-ray crystallography “ gods’ V-75
X-ray diffractometer components 1-21
X-ray generator 1-23
X-ray generator power levels 1-22
X-ray tube 1-24
X-ray tubes cooled by a heat exchanger 1-22
XS — and Evaluating the Quality of its Results 111-53
XS — Example of Finding atrial solution with Patterson methods 1X-138
XS — Example of its use with Direct methods 1X-124
XS - Summary of Commands V-71
XS - the program 111-46
XS - therole of R factorsin evaluating its success 111-53
XS - therole of XP in evaluating its success 111-53
XS - Usingit tofind trial solutions to the Phase Problem 111-46
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XSfails 111-54
XSfor Tria Solutions 1-32
XS name [ent] 111-52
XS solutions — when are they worth pursuing 111-53
XS Tria Solution Searches 111-52
XSCANS 1-32
XSCANS Software Tutorial/Users Guide 1-30
XSCANS Technical Reference Manual 1-30
XTEXT format 1-35
%
Z - the number of formula unitsin the unit cell 111-49
Z number in name.insfile 1-36
Z number of moleculesin unit cell - in data collection table X1-214
Z parameter in ZERR line V-76
Z value 11-42
ZERR 111-49
ZERR command tells XS and XL the Z value and esd values of unit cell parameters V-76
ZIP drives for data processing computers 1-28
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