Department of Chemistry, Youngstown State University
Spring MWW

Agril 82 2000 Version of Syllabas

Course Credit;s 3 Quarter Hours of Credit (2 Hours per Week Lecture and 3 Hours per Wesk Lah)

25 Notice: Under Semesters this course will become Chemistry 5832: Solid State Structural Methods which will have
3 Samester Hours of Credit (2 Hours per Week Lacture and 3 Hoars per Week Lab) for a 0% ncrease in
total coofact ims. The conotent will be expanded to include greater coverage of Symmetry and the Solid
State, Powder Diffraction, Protein Crystallography, and High Resolution Diffrection Stadies.

Lecturer: Dr. Allen D, Hunter [(Office 5015, NME. Lab 53031, X-Fay Lab 50245020, Advenced Synothesis Lab 5005)
Phone: 742-7176 (Office), 742-2261 (NMR and X-Ray Labs)
E-mail: gdhunter@ocysuedy
Dr. Hunter’s Home Fage: bitp:/wene as. vsoedu/~adhunter index. biml
Chemisiry 832 Home Page: hitp:/swwas ysnedu/~adbunter Teaching ' Chemiz3 2 index. himl

Hequired Texts:
(1}  Electronic Syllabus and Course Instruction (Required, will be updated frequently)
(2] Glosksr, J. P; Lewis, M., Bossi, M “Cry=ial Stroctore Analysis for Chemists aod
Binlogists” VICH, Mew York, 1954 (Required text).
(3] X-Bay Structore Solation wia SHELXTL: A Beginner’s Iomoduction (Fequired Temt A
master copy may be borrowed from Dr Hunter for duplication and’or it may be obtainad as
a pdf file from him for prioting ot andf‘or reading on screen).
(4] WEE Handouts [Fequired)
(5] WEE Link='Feferences (Feguired, may be accessed in NT 1ab]
(6)  Daffraction Belated Prosrams (Required. may be accessed in NT 1ab)
(7}  Hard Cower Laboratory Mote Book (Required).
(8] XSCANS Software TotorialTisers Guide (available in lab)
(9}  XSCANS Techoical Reference Manual (available in lab).
WEE Materials: This Course will use a rich mixture of programs and WEE related materials which

will need to consult daily. You will need an email address and an account in the I="J!'nl‘l'Iiﬂ:|""F;iélnllllr]
this course, 1f you 4o naot have these, EEEII].E-I:hl]:IJ]'"'ﬂlEﬂl'EtIHII.'ﬂd.

1. Chemisiry 832 Home Page: hitp.! 3 o 161 Tez o \Chemfid2 finde

2. Simoctural Methods Thaﬂ:lmk Paference Lt

bttps ez as. vEnedu'~adhuoter Teachins, Chem3 2 2'reflist doc

3. Diffraction Methods Textbook Faference List

4 X-Ray Crystaliography Liks
5 '

Oifice Hours: Dr. Humter: Tuesday and Tharsday 7:10 to 7:40 PM and 5:30 to 10:00 PM. Monday and 10:30 to
12:00, and Wednesday 2:00 to 3:30. Dr Humler is also awvailable at other times by appointment.
He'll be in WE 5015 (his office], 5031 (the NMR lab), or 50245020 (the X-ray lab)).

Lecture: Monday and Wednesday 1:00 to 1:50 in WB 5026 and‘or the Senior (NT) compuater lab.

Scheduled Lab: Wednesday 2:00 to 4:50. WE 5024/5020 (1.e. the X-ray 1ab) and/or the Senior (WT) compuater lab.

A-Ray Access Times: Monday - Friday, 9:00 am to 500 pm and'or by schedoled appoimiment. The Senior (NT)
computer 1ab is open similar hours.

Introduction Simple Crystal X-ray Diffraction. X-ray crystallography is the most important method for defermining
the siroctures of materials in the solid state. When detailed mformaton on atomic positions is required (e.g., =0 that ope can
deterrmine bond distance: and angles), X-ray crystallography is camried oot on “single crystzls ™ These are crysizlline samples
having distinct faces (examples from every day life include salt, sugar, and diamonds) and dimensions of 0.05 to 0.5 mm on an
edee. In 3 single crystal, the molecules are arranged in a repesting pattern like the bricks in & wall with each repeating unit
{i.e., each brick) contzining an identical arransement of atoms. The basic principle of X-ray diffraction is that when a beam of
H-ravz passes through a coy=ialline sample zome of the X-1ays will be bent (this process is called diffraction). The angles to
which the X-ray= are bent are determined only by the size and shape of the repeating units of the crystal (1.e., 1s it a “brick”, a
cube, a Legn hiock, a prism, etc.). The intensities (ie., brightness) of each of the bent X-1ay beams are determined by the
arrangement and idsotity of the atoms within each repeating unit. If ope koows the stmucture of the solid (ie., the size and
shape of each repeating unit and the aransements of atoms within them), it is quite easy to calculate the angles and intensities



of all of the bent X-ray beams. Unforunately, working backwards from the aneles and intensities of the bent X-reyvs to the

stmacturs of a solid i= much more difficalt. Fortunatsly, recant advances in X-ray cryvstallography and computers nosw make the
successfol solution of sach problems by undersradustes possibla.

Powder X-ray Diffraction. Powder X-ray diffraction is the method of choice for characterizing the stroctures if
solids that are pot available as suitable single crystals and for identifying compounds in solid mixtures.

X-Ray Inffractometers. An X-ray diffractometer 1s the instroment used to collect the rew data (Le, measure the
aneles and intensities of the beot X-ravs). [ has sewersl basic pams, inclodine: an X-rey generator, & device called a
epmiometer that is uwsed to orient the crystal so that the angles of the beot X-reyv beams can be measired, and a detector that
meazures the brightness of each bent X-ray beam.  We have recently purchazed two such diffractometers from Siemens at 2
cost of over 5243.000. They were purchased with a combination of external grants from the Nationzl Sdence Foundation
($71,155) and the Ohio Board of Regents ($60,000) and ioternal Chemistry Department and University funds. One of these
systems is optimized for determining the structures of powders and of arystals of large organic or biclogical materials (it has
Dr. Waener as its primary coordinaior) and the other is optimized for determining the structures of inorganic and
omganomedsllic molecules, ceramics, minerals, and metals (1 am its primary coordinator). These instrumends are pew models
and, conseguently, their operation is under computer control by IEM compatible computers. The software used, XSCANS, is
very uzer friendly and Siemens provided excellsnt mamnals suitabls for use by beginners such a= our undersradustes.

X-Ray Software and the Y5U Diffraction Facility. To obtain structural information on new materizls from this
raw data, one must use sophisticated software and a powerful deskiop wordstation. The best software available for X-ray data
analysis was supplied by Siemens with our purchase. It = a package of programs known as SHELXTL/ASHELL. These
programs are excesdingly powerful and run oo both hish end IEM compatible personzl computers and UNIX workstations. The
PCDOS verzion of the SHELXTL software package is reasonsbly user-friendly (ie., sbout equivalent to many early DOG
applications). Howewer, it is not very “Iobodtive" for beginners and is accompanied by 2 manual that is mest wsefol for
someone already an expert in both X-ray crystallography and the computer system being wsed. To remedy this problem. [ have
written 3 users manual for the FCDOS version of SHELXTL. The computars in the NT computer 1zb are equipped with the
HEHELL wersiom of this package. P(Cs for cammying oot these calculations ars available in the MME and X-Ray 1abs and in the
semior compater 1ab. ¥5U was a founding member of the Ohic Cry=tallography Consortiom and is serving as one of this
consortiome: main nodes with the special responsibility of supporting the research and teaching needs of Ohic's predominately
undersraduate institations.

(The order and relative weighting of these topics may change. )
Infroduction to Crystal Stmocture Ansly=is
Crystals (owerview]
Dhiffraction by Cryz=tals
Symmetry in Crystals and their Diffraction Patterns
Combining Waves to Obtain an Image
Measurement of Structure Amplitades
Extimation of Relative Phasze Angles
Electron Density Maps
Laast Sguares Refinement of the Struchars
Interpreting Atomic Coordinates, Conformation, Atomic and Maolecular Dhisplacemsnts
Preparative Routes for Inorganic Solid State Materials
Characterization Techniques of Inorganic Solids
Symmetry
Pomerder X-Fay Diffrection

Preliminary Laboratory Schedule (The order and relative weighting of these topics may change.):
Diffraciometer Components, X-Ray Safety, the X-Fay Fadlity, and XSCANS.

Systematic Approaches to Growing Single Crystals

Selectine, Mounting, and Centering Crystals; X-Ray Diffrection Photosraphs.

Preparing for Data Collection: Unit Cell and Space Group Determinations (XSCANS).
Data Collection and Baduction (T/2T, Psi in X5CANS, XPREP in SHELXTL).

Tnal Solutions, Fefinement, and Smuchure (SHELXTL: X5, XF and XL}

Tabular and Graphic Diata Presentation (XF and X CIE).

&  Single Crystal Project
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Note Bools: Everything vou do in the laboratory, on the bench diffractometer, or computers, must be recorded directly ioto
vour 1ab book in ink!!!! These will be regularly inspected and graded.

Grading:
30 Mid-Term Exam (end of 5* week, tentative].®
25 Laboratory Assienment: and Strocture Sclation Problems.
I Find Emm-:f.m.um.a_a.lm
15 Eraject

100 Total Faints



90-100%: - A; 75-83% - B; 60-74% - C; 50-39% - D;; <50% - F
*Mote: both exams will includs questions based on the laborstory materizls and there will be significant
overlap in the materials covered in the two parts of the course.

Attendance: Lacture atfendance is mandadory as is attendance at the scheduled laborsiory demonstrations. In addition, during
the davs when datz is being collected on the students single crystal, the studenot:s will be expected to be present for longer
hours. Thers will be midterm and final exams that will cover the materials preseoted in the lectures and illustrated in the labs

MAKE-UP EXAMS WILL NOT EE GIVEN. Absences that have oot been approved in advance will result in a grade of
ZEROD for that exam Approved sbseoces for sporting events, bolidays, car breakdown, etc., will be given poly if [ am
informed in advance and only if [ agree. Absences for health reasons or family emergencies must be discussed with me within
24 bours of the missed guizze: for approval to be graoied. The poinds for exams missed during approved absences will be

applied to the finzl exam. An exam must be submitied for re-grading within 48 hours after it has been returned. The whole
axam will be re-graded, oot just single guestions. If you miss a lab, it is your responsibility to your team to maks up the work
that is wour part of the team’s effort Chemistry 832 s an imtesrated lecturedab class. Therefore, if you do not
successfully complete all of the experiments and pass the lab, vou will not pass the course,

Reading Assisnments: Mandatory reading assisnmends from the reguired texts and venous WEB sites will be given each
wesk These will always inclhude the chapiers cited abowve. You will be responsible for reading this material before each class.
Crher readines from the Beading List will also be suggestad.

Lecture and Laboratory Assignments: Assisnments of various types will be given resularly in both the lecture and Iaborztory
part: of thiz class. They are mandatory and must be handed in by the scheduled times. Late assisnments will be given a
reduced grade. Some assizonments may be designated by me 2= group assigoments. In these cases, singls group reports should
b= handed in. All other assisnmenis are indhviduol assignments. You must only hand in vour owm work for these.

Safety Note: The potential of risk is present in some leciure demonsirations and laboratory experiments. Accidenis
have been rare, but have happened. Farulty and staff members exercise great care fo minimize and, where possible,
eliminate all potential hazards. Additionally,. minimization of risks requires that students come well prepared for each
assigned exercise and are atfentive i class. Safely glasses must be worn in the laboratory o all fimes. The X-r=y
difftactometers employ intense X-ray sources. I vou overnide the safety inderlocks, there could be seripus injury to you and
others. The posted safety rules and those in the handouts will be stnictly enforced!. Fatlure to follos these miles will result in
a reduoced grade, up o and incloding an E expulsion from the lab, andior other zanchions! Unaothorized uses of the computer
systems will result in similarly severs sanctions. In mo case are compuder disks that have EVER been used oo computers
outside of this lab to be wsed oo our compuoters!!11 Compater Vineses are Endemic in the Beal World and Espedally on
Campas!!!! You must keep vour box of disks for this class in the X-ray 1ah, do not 3ke them out of it!!!!

Materials'Computer Fees: These are collected for this labaratory course and are used to partially defrey a tmy part of the cost
of replacing expendable material: and obsolete equipment, repairing equipment, and obtalmng new equipment appropriate for
student use in state of the art instroction in the laboratory science of chermstry:

Academic Hopesty: [o accordance with aniversity policy and professional standards, the highest levels of academic integrity
are expected in this lecture and lab. The code of stodent conduct will be sirictly enforced. Academic dishonesty sill result in
reductions in grades and'or expul=ion from this class apd/or the mmiversity.



