Chemistry 832: Solid State Structural Methods Svilabuos

Dr. Allen I, Hunter

Department of Chemiztry, Youngstown State Universihy
Sprimg 2000

April §*, 2000 Version of Syllabus

Course Credit: 3 Cruarter Hours of Credit (2 Hours per Wesk Lacure and 3 Hours par Waek Lab)

Q25 Nobice: Under Samesters thizs courze will become Chemistry 3832: Solid State Structaral Methods which wall have 3
Samester Hours of Cradit {1 Hours per Weak Lecture and 3 Hours per Week Lab) for a 50% increase in todal
contact tme The comtert will bs expandad to inchide greater coveraze of Svnumetry and the Solid State
Powder Diffraction, Protzin Cryvstallography, znd Hish Fezohation Diffraction Stadies.

Leciorer: Dr. Allen Id. Honder {Office 3015, MLE. Lab 5031, 3{-Fay Lab 3024/3020, Advanced Synthezis Lab 3003)
Phone: T42-7176 (Office), 742-2261 (MNME and 3-Fay Labs)
E-maidl- adhmmter@oc vanaedu
Dr. Hunter's Home Page: hitp:/wiw.as. vouedu’~adhuntar'mdes himl
Chemiztrv 832 Home Paze: hotpo oo a2 vsuedu/-adhomter Teachine Chern 83 2 index himl

Required Texts:

{13  Electronic Syllabuz and Course Instroction {Fequired, will be updated frequenthy)

()  Gluzker, J. P.; Lewis, ML; Rossi, M. “Crystal Structure Analysiz for Chemistz and
EBwlogists” VOH, Mew Yook, 1004 (Fequired text).

{3)  X-Fay Stucture Solution via SHELXTL: A Beginner's Introduction (Fequioed Text A
mastar copy may be borrowed from Dr. Hunter for duplication andfor it may be obtaimed as
a .pdf file from him for printing out and‘or reading on screen).

{4y  WEE Handout= (Faguired)

{33  WEE Lmk=zFeferences (Fequirad, many ba accazzed in IMT lah)

{6)  Diffraction Felated Prosrams (Faguired, may be acceszed in T lak)

{7y  Hard Cover Laboratory Mote Book (Fequirad).

{8) XSCAMNS Softvrars Tutorial Uszers Chnide {available in lab).

{0y  XSCANS Techmical Feference Mamial (available m Lab).

WEE Materials: Thi: Coorze will use a rich muviure of program: and WEB related matenak which you
will need to consulf dailv. You will need an email addres: and an account in the “NT lab™
for this course, if vou do not have theza 222 me during the first pariod.

1. Cheamistrv 832 Home Page: hitp:/amwvas van edu/-adinmier Teaching Chem33 2 mdes: him]

1. Stmactaral hlzthods Textbook Fefarenca List:
bitip2 amam.as veu.edu/ ~adhurtern Teachine 'Chem 520 Teflist doc

3. Diffraction hlethods: Texthook Raference List:

4.

3. YEU Stochre Center: hitp: mmmwas van edu/'~adinmier Y STTSC index himl

Office Hours: Dr. Hanter: Tuoezday and Thursday 7:10 to 7:40 PAL and 2:30 to 10:00 P Monday and 10:30
to 12:00, and Wednesday 2:00 to 3:30. Dr. Humier iz alzo available at other times by appoinirment.
Ha'll be in WE 5015 (hiz office), 5031 {the MLE. lab), or 5024/3020 {the X-ray lab]}).

Leciure: Mondayv and Wednezday 1:00 to 150 m WE 5026 and'or the Sempor (INT) conyputer lab.

Scheduled Lake Wednesday 2:00 to 4:50. WE 3024/5020 (1.2 the X-rav 1ab) and‘or the Senior (INT) conyputer lab,

S-Ray Access Timwes: Monday - Friday, 2-00 am to 5:00 pm. and'or by scheduled appoimment The Senior (NT)

computer lab is open simular hours.



Intreduoction. Simgle Crystal X-ray Diffraction. J<-ray crystallosraphy 1= the most mportant method for determming
the strachures of materizls in the solid state. When detailed mformation on atornmic positions iz required (2., 5o that one can
determime bond distances and angles), X-ray crvstallosraphy 1= camied ot on “singls crystals.™ These are arvstalline zamplas
having distinct faces (examples fromm every dayv life inchide zalt suzar, and diamonds) and dimensions of 005 to 05 num on an
edze. In 3 mngle coystal the molecules are arransed in a repestine pattern ke the bricks m a2 wall with sach repeating unit (2.,
each bk} contzining an identical arranseament of atoms. The basic prinople of X-ray diffracton 1= that when a beam of X-rays
pazses through a crystalline sample zome of the 3-ravs will be bent (this process iz called diffracton). The angle: to which the
J-ravs are bent are determined onby by the zize and zhape of the repeating units of the crystal (Le., &= 0 2 “bck”, 3 cube, a Lego
block, a prizm etc). The miensities {1e | brighineszz) of each of the bent X-rav bearm: are determimed by the arranserment and
identity of the atoms withn each repeating wut. If one knows the stroctare of the solid (1.2., the size and shape of each repeating
unst and the arrangements of atoms within deern) &t is quite eazy to caloulate the ansles and imtensities of all of the bant M-ray
bearn:. Unfortunately, workine backwards from the ansles and intensities of the bent 2-rays to the strucnme of a solid is pmch
more diffscult  Fortunately, recent advances m X-rav crvstallosraphy and computers now make the successful sohaton of zuch
problems by imdersraduates pozsibla.

Powder X-ray Diffraction. Poveder 3-ray diffraction is the method of chedce for characterizine the sirochires if solsds
that are not available 3z suitable zingle crvstals and for identifving compounds 1 solid mixiures.

X-FRav Ihfiractometers. An X-rav diffractometer iz the instmment wied to collect the raw data (Le, meszure the
anzles and imtensities of the bemt 2lravs). It has several basic paris, mchuding: an M-ray generator, a device called 3 soniometer
that iz uzed to orient the crvstal =0 that the angle: of the bant J{-rav beams can be meazured and a detector that messures the
brizhimess of each bemt 3{-ray beam  We have recemtly purchaszed two such diffractorneters from Sietmens at a cost of over
3243 000, They were purchaed with 3 combination of external srant=s from the MNational Science Foundation (371199 and the

Cdhio BEoard of Fagentz (380000} and mtemal Charmisiry Diepartrent and University funds. One of theze systams iz optimized
for detenminms the stachmes of powders and of aystals of large orgamic or biological materials (1t has Dr. Waener a= iz primary

cpordinator) and the other is optrmized for determining the struchires of incrgaric and organometallic molecales, ceramics,
muneralz, and metals (1 am itz primany coordinator). These metnumments are new models and, conzequently, their operation iz
under computer controd v IBM compatible comnputars. The soffware wsed, XSCANS, iz very user fmendhr and Siemens
provided excellent mamnals suitabls for usa by begmners such a2 our undersraduatss.

X-Rav Software and the YSU Diffraction Facility. To obtam structural information on new mmaterials fromm this raw
data, one pmst use sophisticated softvware and a powerful deskiop workstation. The best softoars availabls for X-ray data
anabyaiz waz supplied by Siemens with our purchaze. It i1z a packape of program: known as SHELXTLOXSHELL. These
proarams are excesdingly powearful and nan on both high end IBEM compatible personal computers and UNES workstations. The
PC/DOS verzion of the SHELXTL software packase 1z reasonably nser-friendlv {1.e, about equivalent to mamy earlvy DOS
apphcations}. However, it iz not very “mhntive”™ for beginners and is acoompanied by 2 mannal that 1= most usefol for :omeone
alraady an expeart in both X-ray avstallosraphy and the computer svatem beimez usad. To remeady thiz problam T have written a
nzers marmal for the PC/DOS version of SHELXTL. The computers i the NT comypatar lab are equipped with the SHELL
verzion of thiz packaze PCs for camrving out these caloulations are available m the WAMFE. and X-Fav labs and in the semor
computer lab, Y517 was a founding member of the Ohio Crystallography Consortimm and is serving 3= one of this conzortiums
miain nodas with the special responsibility of supporting the research and teaching needs of Chio's predominatehy undareraduate

Eﬂmﬂmﬂﬂﬂmﬂh&mﬁ and relative waishting of thess topics may changa )
Inireduction to Crystal Strachire Analyzis

Crystalz (oveniaew)
Driffraction by Crystals
*  Svinmetry in Cryvstals and their Diffraction Patterns
*  Combinme Waves to Obtain an Image
Meazurament of Strachure Amplinidas
Estimation of Felathve Phase Angles
Eleciron Denzity Maps
Least Squares Fafinement of the Struchare
Interpreting Atomic Coordinates, Conformation, Atoendc and MhJlolecular Displacermants
Preparative Foutes for Inorzanic Solsd State Miatenals
Characterization Techniques of Inorzanic Solids
SYmIumamy



Porardar 2 -Faany Diffraction

Preliminary Laboratory Schedule {The order and relative weighting of theze topics may change )
Diffractometer Components, 3-Fay Safety, the 3{-Fav Faclity, and 2SCANS.
Svstematic Approaches to Growing Single Crystals

Selecting, Mounting, and Cantering Crvstals; X-Fay Diffraction Photographs.
Preparms for Data Collechion: Unit Cell and Space Croup Detenminations (CCSC AN
Data Collection and Reduction {T.2T, Psi im X5CANS, X{PREP in SHELXTL).

Trial Solutions, Fefinement. and Structure (SHELXTL: X5, XP, and XL).

Tabular and Graphic Data Prezsentation (P and 2{CIF).

Single Crystal Project
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Note Books: Eservihing vou do in the lsboratory, on the bench diffraciomieter, or computers, nmst be recorded direcily into
viour lab book in mk!!!! These will b= regularly inspectsd and sraded.

Grading:
30 Md-Term Exam (end of 5* week, tentative).*
25 Laboratory Azzignments and Stmichre Solution Problesms.
30 Fnal Exam (Friday June 9 at 10:30).*
15 Project
100 Total Points

O0-100% - A; T5-80% - B; 60-74% - C; 50-30% - D, <30% - F
*Mote: both escams wall include gquestions based on the laboratory materials and there vall be Senificant overlap
in the materials coverad in the two pans of the courss.

Attendance: Lacture attendance iz mandatory as 12 aitendance at the schedulad laborstory demonstrations. In addition, during
the davs when data iz being collacted on the sudant: single crvstal the stodents will be expected to be present for longer hours.
Thers will be midterm and final eccams that will cover the matenals presentad in the lechires and illustrated m the labz. MAKEE-TP
EXAMY WILL NOT EE (JFEN. Abzencas that have not been approved in advance will result in 3 grads of ZERO for that
exam. Approved sbsences for sporting events, holidays, car breakdown, etc., will be siven onaly if I am informed m advance and
oaly If [ agree. Absences for health reazons or family emergencies must be disuzzed with me within 24 bours of the missed
quizzes for approval to be granted. The pointz for exams: mizzed durme approved absences will be applied fo the final exam. An
ezam mst be subnutted for re-grading within 45 hours after it has been retumed. The whols exam wall be re-sraded not just
single questions. If vou miss a lab, it is vour responsibility to vour team to make up the work that iz vour part of the team’s
affort. Chemisiry 3321 iz an integrated lecturelab clazs. Therefore, if vou do not successfully complete all of the
experiments and pass the lab, vou will not pass the conrse.

Beading A=zisnments: MMandstory readins assisnments from the reguired texis and vanous WEE zites will be given each wesk
Theze will alwavs mcluds the chaptars Cited sbove. You will be responzible for reading thiz matarial before each clazz. Other
raading: from the Feading List will al:o ba suzgestad

Lecture and Laboratory Assienments: A:zigmments of varous tvpes will be given regulariy in bodh the lechure and laboratory
part: of thiz class. Thevy are mendatory and mwst be handed in by the scheduled times. Late asimmment: will be aiven a raduced
grade. Some assigmments may be designated by me as sroup amipnment:. In these cazes, smele group reports should be handad
in. All other azsiomments are Sadnvedig assimmments. You pmst onhy hand m vour own work for thesa.

Sqfeny Note: The potential qf risk iv present in some leemure demonsratgons and lnboratory experimenn.  Aecideney have
beem rare, bur have happered Faculny ard sigff members exercise greas care o mumipuge and, where possible, eliminate alf
poreunial hagards Addidomally, minimizadon of risks reguires thar sodenss come well prepared for sach assigned exercise and
are qitermve ir class. Sgfene glavses wust be worn i the laboraiory ar all ez, The X-ray diffractometers employ intense X-
rav sources. If vou override the zafetyv imterlocks, there could be serions injury to vou and other:. The posted safety roles and
thosza in the handomsts will be strictly enforced!. Fathre to follow these males wall remlt in a reduced grade. up to and mchidinz an
F. expulsion from the lab, and'or other sanctions'! Unauthorized uses of the comypniter svstems will result in similarky severa
sanctions. In no case ars Comypuber dizks that have EVEE been uwsed on computer: cuwizide of thiz lab to b2 used on owr

disk= for this claszs in the X-rav 1ab, do not take them out of it?!!!



