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ABSTRACT: 
 
There is no graduate program in the Department of Chemistry and our faculty members focus on under-
graduate teaching and research. Our faculty typically teach three to four courses, and often have one to 
two lab courses each semester. Students learn basic and advanced chemical skills in the chemistry 
courses including making buffers, titrations, synthesis and separation of small to large molecules, and 
characterization of compounds and molecules by a variety of spectroscopic and centrifugation tech-
niques. Centrifugation, a fundamental technique in all chemistry and biology laboratories, could separate 
and characterize inorganic or organic compounds or macromolecules. The technique has a broad spec-
trum of applications in academia and industry due to its extremely high purity of molecular separation 
according to their size, shape, density, viscosity of the medium and rotor speed. In addition, centrifuga-
tion can be integrated with a variety of spectroscopic techniques to have extremely high power for char-
acterizing molecules ranging from small to large molecules. Although no graduate program in the de-
partment, our chemistry faculty publish ~20 papers every year and many undergraduates are the co-authors 
of the publications. Chemistry labs including biochemistry lab, and undergraduate research labs need a re-
frigerated floor centrifuge in order for our faculty to efficiently prepare solutions and samples for chemistry 
labs, and for students in chemistry labs to perform certain chemical reactions and culture microorganisms 
and mammalian cells. We feel that a STEP technology fee application is the most sensible way to attempt to 
address our instrumental deficiencies. This situation compels us to submit this proposal for university sup-
port. 



Purchase of a Centrifuge for Chemistry Laboratory Courses 
 
A. Purpose of grant and impact to student body as a whole 
 
Because there is no graduate program in the Department of Chemistry, the department’s mission is fo-
cused on undergraduate teaching and training. Currently, the Department of Chemistry offers ten lab 
courses: CHEM 112 (General Chemistry for Education Majors), CHEM 115 (General Chemistry), CHEM 
222 (Analytical), CHEM 252 and 452 (Inorganic), CHEM 233 (Organic I), CHEM 234 (Organic II), 
CHEM 311 (Physical I), CHEM 312 (Physical II), CHEM 319 (Biochemistry) and CHEM 362/462 (Un-
dergraduate Research I/II) for the students of the Colleges of Science, Engineering, and Education, as well 
as courses designed for those interested in non-technical fields. 
 
Dr. Xu along with many faculty members in the Department of Chemistry teach CHEM 115. CHEM 115 
(General Chemistry Lab) is designed to reinforce concepts learned in lectures of general chemistry 
(CHEM 107 and CHEM 108) and provides an introduction into basic laboratory techniques, the experi-
mental methods, and the presentation of scientific data, as well as direct experiences with chemical prin-
ciples and the properties and reactions of substances and molecules. This lab is a required course for un-
dergraduates majoring in biology, chemistry, physics, chemical engineering, civil engineering, petroleum 
engineering, and kinesiology. The department typically offers eight sections of CHEM 115 in fall semes-
ters and nine sections in spring semesters. There are also four to five summer sections of CHEM 115, 
although the number of sections is somewhat variable. Each section has ~25 students (American Chemi-
cal Society (ACS) limits number of students in any chemistry lab to 25), and every section is typically 
full, and has a substantial wait list. It is estimated that approximately 500 students take this lab every 
year. 

       Table 1. List of undergraduate majors which require CHEM 115 for graduation 
 CHEM 115 General Chemistry 
Biology X 
Microbiology X 
Biodiversity X 
Chemistry X 
Chem Eng X 
Civil Eng X 
Petroleum Eng X 
Physics X 
Kinesiology X 

 
Chemistry is one of traditional and fundamental fields. Its applications are to address the challenges fac-
ing the world by combating diseases, providing clean water and safe food, developing new sources of 
energy, developing new materials, and confronting climate changes through interdisciplinary nature of 
chemistry. To obtain skills in solving world challenges, it requires an appropriate suite of modern chemi-
cal instrumentation and specialized lab apparatus to analyze chemical properties of small and large mol-
ecules to support undergraduate instructional and research missions. All chemistry labs need a certain 
type of equipment for students to learn lab skills and collect data. Centrifugation has its uniqueness of 
providing first-principle hydrodynamic theory to define size, shape, and interactions of macromolecules 
and thermodynamic laws to define molecule mass, assembly stoichiometry, association constants, and 
solution nonideality. Because sedimentation relies on principal property of mass and fundamental laws 



P
ro

te
in

 m
ar

ke
r

Student Samples

C
ru

de

F
ra

ct
io

n 
#

1

F
ra

ct
io

n 
#

2

F
ra

ct
io

n
 #

3

F
ra

ct
io

n 
#

4

F
ra

ct
io

n 
#

1

F
ra

ct
io

n 
#

2

P
ro

te
in

 m
ar

ke
r

P
ro

te
in

 m
ar

ke
rGel filtration Ion 

exchange

 
Figure 2. A SDS-PAGE Experiment (A gel 
picture from a student who took Biochem-
istry Lab, CHEM 319, in the past.) 
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Figure 3. A plasmid DNA synthesis and 
characterization by enzyme digestion and 
electrophoresis (A gel picture from a stu-
dent who took Biochemistry Lab, CHEM 
319, in the past.) 

 
Figure 1. The old floor refrigerated centrifuge 
in biochemistry lab. It is not functioning. 

of gravitation, it is a primary method for which the results are abso-
lute and do not depend on a comparison to standards. Consequent-
ly, sedimentation can be used to analyze the solution behavior of 
nearly any type of molecules over a wide range of concentrations 
and in a wide variety of solvents. Furthermore, a broad range of 
particle sizes might be analyzed by using different rotor speeds. 
Sedimentation has the merits of being rapid, non-destructive, and 
simple to use. Because it is nondestructive, samples such as cells, 
proteins and DNA/RNA may be recovered for further tests follow-
ing centrifuge. For many questions, there is no satisfactory substi-
tute method of analysis. Centrifugation is a unique investigational 
tool employed in many areas of analytical science and industry. 
 
There is a floor refrigerated centrifuge that was purchased in > twenty 
years ago (Figure 1). It is no longer functioning. Currently, there is 
no floor refrigerated centrifuge in any of the chemistry labs. One 
particularly advantageous property of centrifugation is that, be-
cause recent developments in analytical procedures allow the high 
resolving power of sedimentation velocity methods to be coupled to sedimentation equilibrium ap-
proaches and applied to both static and dynamic associations, students 
can extract macromolecules with extremely high purity under physio-
logical conditions. The main purpose of the proposal is to purchase a 
centrifuge with its accessories for CHEM 317, CHEM 417, CHEM 319 
lab, CHEM 115 lab, CHEM 362/462 lab and other chemistry labs. The 
centrifuge will be also used in all other chemistry labs. This situation 
requires us to initiate this STEP proposal, seeking support from our uni-
versity. Students will benefit in the following ways:  
(i) The centrifuge has been used on daily basis in biochemistry teaching 
and research labs in the past twelve years. The objective of Experiments 
3-6 is to purify lysozyme from egg white and to characterize the enzyme 
by enzymatic reaction. Experiments 3-6 involve (1) isolation of pro-
teins from egg white by size exclusion and ion exchange chromatog-
raphy; (2) protein content analysis by Bradford, Folin-Lowry and UV-
Vis methods; (3) separation of the purified proteins by SDS-PAGE. A 
refrigerated centrifuge is required to prepare samples for the experi-
ments (Figure 2). In addition to protein purification from egg white, 
students will isolate cytoplasmic proteins, nuclear proteins and whole 
cell proteins from mammalian cell cultures, and resolve proteins in 
SDS-PAGE based on our published methods to characterize proteins. 
Experiments 9-11 were designed based on Dr. Xu’s EMBO J paper. 
Four endogenous genes were dependent on the physical interactions 
between CREB and CBP in response to cAMP signaling. The endog-
enous cAMP responsible genes were verified by luciferase reporter 
assay. Two of the constructed reporter genes: cfos and Areg, were 
used in experiments 9-11. The objective of these three labs is to iden-
tify plasmids using two independent methods: enzyme digestion and 
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Figure 4. DNA fragments were synthesized by PCR and analyzed by elec-
trophoresis (A gel picture from a student who took Biochemistry Lab, 
CHEM 319, in the past.) 
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Figure 5. Total RNAs were isolated from NIH 3T3 cells and characterized 
by electrophoresis (A gel picture from a student who took Biochemistry Lab, 
CHEM 319, in the past.) 

polymerase chain reactions. These three labs include (1) isolation of plasmid DNAs: cfos and Areg lucif-
erase reporter constructs; (2) enzyme digestion of the plasmids and gel electrophoresis; (3) PCR and gel 
electrophoresis. Preparation of bacterial cells and isolation of plasmid DNAs require a refrigerated cen-
trifuge (Figures 3 and 4). The objectives of Experiments 13-14 are to learn mammalian cell culture, to 
isolate and to characterize signaling-dependent 
mRNAs. Experiments 13-14 include (1) mam-
malian cell culture and cell treatment by anti-
cancer drugs [60] and cAMP activator; (2) 
RNA isolation and reverse transcriptase reac-
tion; (3) semi-quantification of RNA by RT-
PCR. A refrigerated centrifuge is needed to 
prepare RNA samples (Figure 5); 
 
(ii) CHEM 261 Introduction to Polymer Sci-
ence: This is a planned new course which will 
take place in the fall of 2018. In Chapter 7, 
Characterization of Polymers, determination of 
molecular weight and polymer microstructures 
will be discussed. Matyjaszewski and co-
workers have recently demonstrated that mod-
ern polymer synthesis methodologies can be 
implemented within the classical chemistry un-
dergraduate curriculum with ease by providing 
two examples for undergraduate lab experi-
ments at the nexus of polymer synthesis. A centrifuge will be introduced to integrate synthetic polymers 
with biopolymers; 
 
(iii) CHEM 115 is designed to reinforce concepts learned in lectures of general chemistry and provides 
an introduction into basic lab techniques, the experimental methods, and the presentation of scientific 
data, as well as direct experiences with chemical and/or biochemical principles and the properties and 
reactions of substances and molecules. Molecular separation and characterization by centrifugation and 
spectroscopy will become the fundamental technique in general chemistry lab. A centrifuge is important 
equipment for faculty members to prepare certain solutions for students; 
 
(iv) CHEM 233 and 234-Organic Chemistry I and II Labs: In the organic laboratories, students are intro-
duced to synthesis, purification and characterization techniques of small to large organic compounds. 
Drs. Gallo and Junk are in the process of upgrading our organic teaching labs and plan to significantly 
upgrade training in the area of separation techniques. Currently, only recrystallization and liquid-liquid 
extraction are covered by two separate experiments in our Organic Chemistry Laboratory. A more inclu-
sive lab, which introduces a range of important separation techniques, would be more appropriate. This 
lab familiarizes students with the common separation techniques of distillation, vacuum filtration, re-
crystallization, extraction, and centrifugation. This lab will consist of two lab sessions, in which students 
will work in groups to master all of the above methods and draw conclusions about the efficacy of each 
one. With respect to centrifugation, students will prepare and attempt to separate a silica colloid by fil-
tration (failure), then by centrifugation. It is important to establish student proficiency in this technique, 
notably in preparation for biochemistry. 



1. Students experience research first-hand 
2. Expand knowledge of subject matter
3. Develop important laboratory skills 
4. Help understand real-world application 
5. Facilitate faculty or graduate student 

interaction and access 
6. Learn to work independently 
7. The research findings make a 

contribution to the field 
8. Help organize daily activities and 

arrange time 
9. The experience motivates students to 

go to graduate school 

Undergraduate Research Survey
(Spring 2016, n=14)
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Figure 6. The survey result on undergraduate research. Higher score means higher 
priority for students. 

 
(v) CHEM 362 and CHEM 462: Research quality is an important indicator of success of an academic 
program since high quality research will better prepare students to pursue intellectual inquiry. The facul-
ty members have been able to obtain funding to enhance their research activities. Dr. Xu has obtained 
support from ITRS program, an NSF EPSCoR award, and a RCS award. A number of independent and 
collaborative projects have been developed by our faculty members. We are very proud of our undergrad-
uates. The proposed instruments are essential for undergraduate research. One important objective for 
requesting funding is to encourage students to be exposed to research and advanced instrumentation ear-
ly in their education. Many undergraduates are bright, highly motivated, and determined to succeed, but 
lack academic preparation and essential lab skills to work at a higher cognitive level and/or research en-
vironment. Students with hands-on experi-
ence obtained from lab courses or research 
experience tend to perform better in their 
course study. Dr. Xu has been conducting 
surveys on undergraduate research with the 
goal of integration of research with teach-
ing. Students are interested in learning lab 
techniques (Figure 6). As a result, the stu-
dents are more likely to pursue an occupa-
tion in science or other professional fields. 
Research will provide students with a group-
based work environment. The interaction 
with other students (from biology and engi-
neering backgrounds at undergraduate and graduate levels) allows the growth of interpersonal, organiza-
tional, and teamwork skills that will better prepare all involved students for their future careers. 
 
B. Projected lifetime of enhancement 
 
The refrigerated floor centrifuge should be in a good working condition in the laboratory for ten years, 
only requiring regular basic maintenance. 
 
C. Person(s) responsible for 
Implementation: Wu Xu 
Installation: Wu Xu 
Maintenance: Departmental committee made of up faculty members 
Operation: Faculty of Chemistry Department 
Training: Wu Xu will conduct training for faculty members, following their training by the 
manufacturer 
 

Budget Proposal 
1. Equipment          $19,125 
          
Name  Qty    Description      Price   
Centrifuge 1  Sorvall LYNX 6000 Superspeed Centrifuge   $1,1000 
BIOFlex HC  1  4x1000mL40x50mLconical24 x microplates Rotor  $2,500 
Fiberlite 1  F20-12x50 LEX 12 x 50 mL Rotor    $3,000 



Fiberlite 1  F23-48x1.5 48 x 1.5 mL Rotor    $2,500 
FREIGHT CHARG E          $125.00 

       Total:  $1,9125 
  

2. Software               $ 0.00 
     No software is required. 
 

3. Supplies          $0.00 
 
4. Maintenance          $ 0.00 

     Routine maintenance will be covered by department. 
 

5. Personnel          $ 0.00 
     No personnel required 
 

6. Other                 $ 0.00 
 None            

 
TOTAL:                    $19,125 
 
D. Other relevant information 
 
None 
 
E. Previous STEP projects 
 
Drs. Xu successfully authored the STEP proposals “Smart Classrooms in Chemistry”, funded in 2014 or 
2015. 


