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N ‘This ‘project develoﬁéa\&TMObi;e spectrcscopy :
laboratcry, a truck equipped with- scientific instrurents which can be

. moved from school to school tc¢ provide hands-on experience with s
instruments normally too expensive fof a small’'schocl tc purchase, A,

_summer confgrence trdinéd the on-campis participant factlty in the
use of the truck-laboratory as well as in trouble-shccting technigques -

;with the instrumgnts to be , used. TwCe ifstrunents were pernanently’ L

‘« motinted due to temperature-and vacuun requirements. .Fcur dther 4

_instrgments veré fitted into,detachable drawers, so-they could be used "'
inside the permanent laboratsries.qf the participating schocls or .
noved independently of the hobile'labcgatofy; To-encourage v

-~ codpeération-among participating schools, each was free to alter,

» paintain, cr adjust its,curriculum. A schedule for moverent of the
vehicle was made each yegr by .the participants, which alsc served tg -
foster dn increased cooperatior amcng participants: Evaluation IR
conferences were.held at the epd of the ‘summer after thke first.two,

[l .

years and“-an outside.rpanel, Iistepiﬁg\po accounts of experiences,
judged iﬁra,éucceés and recommended it for duplicaticp. Newspaper angd
proﬁessional;articles,'television news coverage, ang the preserce of-

thé van a* pational meetings helped to publicize th prejedty |
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Summary: . THis project was conductéd much as it was copceived. A truck would be .
.. 'equipped with-scientific instruments and moved from school .to school so that

_expénsive for a small school to purchaSe.

\rte . ®go that they could bé moved intq the.participant school's permanent laboratory. -
. summer evaluation conférences deemed.this prdject a success.

payments by the participants. - ‘ R . -

c. ment do not necessanty reprpsent official NIE
v e ' . : . N " . positon or policy :
“« ' .d. Movement of the truck among the participating schools. . :
~':”e, Eyaluation conferences. o T ' N
fo. quﬂici{y concerning this project. e o S .
g. Future finances of the project. i ' ' R
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get on-hands experience wjth -instruments which are normally too

A summer conference eguipped the on- "~
campus participant faculty to use the truck-laboratory ptroperly. - The 1ab was I
equipped with a power Source to maintain vacuum and temperature, as required for .- ., -
two permanently mounted jnstruments. Four other instruments wére drawer-mounted & '

students could

each’ school,” as they desired. The
Publicity involved
Thé'project will be financed in the future by

Curficulum changes were strictly left up

both .local and national medid.

N * .
D e an : . . - Lo U.S. DEPARTMENT OF EDUCATION

This final report will.consist.-of seven'summary topics: . NATIONAL INSTITUTE.OF EDUCATION
. . 2t EDUCATIONAL RESOURCES INEORMATION .

CENTER (ERIC) ..
V‘I"hs d

., 4. Conducting a summer workshop. e has. been” reproduced 38
. : * ' .. . < recelved frm, the person or 0rgaNZaton
< S Y . . 4 onginating 1t
* b. Pl"epal'"at10n Of the m0b1]ez] abOl"atOI"y. _ Minor changes have been made to improve
* - . SN reproductidn quahty <

-

o Points of view or opimons stated in this docu-

Curriculum changes within the participating schools.

Immediately after the project was funded, one representative from each
participating school was inviteg to a Summer Workshop condutted on the campus of
the University of Arkansas, Fayetteville, Arkansas. The purpose of this
workshop was to acquaint the participants with the bdsic operation of the
‘instruments, to teach them fundamental troub]e-shootiﬁg,pechniques with the o
actual instryments to bé used, and to provide opportunity for. the participants . . .
to check-the- experiments they proposed to use with the mobile laboratory. These
goals.were met, After the passdge of time it was“clear that this workshop was a

s,
- . n . w0

"
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»
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. '%imi%;r project.

major factor, jn the success of the project. The knowledge gatned by "the par-
ticipants not. only, increased enthusiasm, but served well when instruments =~
malfynctioned. . This aufhor. strongly recommends such a- traiming period for any

7, iThe mobile-1aboratory wds built into-the back of an-7.5' x 12' step-van.

- This “room-on-wheels" was heavily insulated so that temperature control, impera-
tive foF the use of -some instruments, could be held constant.. A gasoline-
~powered.generator provided electrical power as the'unit moved about so that the
temperature could always bé maintained. Twoinstruments were permanentiy ,

- -
~N B .- ” - e . ( B

N

-mounted due to.temperature and vacuum requirements. Four other instruments were- -

fitted intg detachable drawers so that they could be used ifside .the permanent
1aboratories\of “the participating schools,. or moved- independently of the mobile
laboratory. /In addition, jack stands were provided for, the truck 'so that a

stable base would .allow the use of the-usual delicate recorders.

v

hool was completely free to maintain, alter, or adjust its own

No attempt was made by the larger school .to coerce, or superimpose
its ideas of how Chemistry should be-talight. In. retrospect, this.principle of
complete icurriculum freedom is the only.way to successfully bind together thir-
teen dissimilar. schoois of-this type in a large cooperative endeavor. If sofe
pressure had been brought to bear on the smaller schools to adopt a particular
chemistry cirriculum, many. schools would have probably left the program before ¢
realizing fully whether or not benefits could be hads ' .

Each s
curriculum.

. A schedule for movement ‘of the truck-laboratory was put together each year
by the participants without interference of the director. The mutual give-and-
-take, the necessity for compromise and change, and the gains to be realized
< served to increase cooperative and friendship among the participants.

B3

Init1411y some concern was expressed that difficulties would arise because

not the case, becausé spectroscopy is a subject which can be taught at almost
anytifie during the school year. :

' ~ Evaluation conferences were held at: the end-ofAhe summers after the first

two years. An dutSide panel was convened so that an independent judgement would

+ result as to the Suwetess of the project. Not only didreach school have an
opportunity to tell-of its experiences with the project, thelpanel questioned
each .aspect of the project. In summary, the panel judged this project a success

and recommended that others dupligate it. .

L . Eubiicity about this project followed the usua]lpathways.. Newspaper
articles and television news coverage helpdd tell the story to area citdzens,
.and thus increased the prestige (and probably enrolliment) of the participant :-

{" «schools. One of the Kansas Colleges scheduled a "High School Day" each year if

the'spring to coincide with the on-campus stay of the laboratory so that area
» high school students would be better informed as.to possible future use of the
van. The director drove the van to two national meetings, one in Wisconsin, the
other in California, to better inform chemists of this expéfiment, and its
_results. Finally two articles and a’cover picture appeared a chemistry educa-
tion journal with a world-wide audience. /// '

]
;

~

.

-+ each, school- would want. the truck at_the same-time during the semester. Such, is ©
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. amortization schedule. ‘In this/ way not only will expenses be met, "but.new
1} % , W,

, » h : ’ ) ﬁ N i
‘ .
LX) . ’ ’ ~ - < ‘ '
. M 4 ‘ a ( @ h '
v Thé project will be financedxby the pafﬁjcipants as time-.passes.- During ..
.the last‘year of operation each participant school was asked to pay $200 toward T,
thes expenses .pf the truck. During.the next yéar the fee will be $500/school. -

The .next year's fée will thén be adjusted to ref?ect actual cost of moving the-. .
truck-laboratory on its schedule plus replacement of. worn-out ‘instruments on an

pieces of equipment can be” purchased as needed as the project‘iontinues o
indefinitely. . ) : C !
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. Qgpy of two publications on this work
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REPORT: YEAR ONE

- N

SUMMARY o .. : s VA

;- The initial wofk on,the mobile laboratory involved making decisions con-.
cerning the truck -type, sire, and manufacturer, and specifications of which
ihstrumepts would be instajjled therein. The committee that made these decisions
studied many hours, and thén wrote cateful bid requests so that the needed O
equipment would be provided at or exceeding specifications. Orders were then
qu;k]y placed so that much of the equipment would be available for usg during
the six weeks of the Summer Workshop. Local $pettrometers were used to replace.
those that did-not arrive in time. ' - : .

. 7 . . ‘ 8 N N .
The Summer Workshop was convened with one representative from each of the |
tweTvesparticipating schools. (During the Fall Semester a thirteenth school )
*joined the group. Two of their faculty received some extra training in
December.) The two goals of the Workshop were: (1) To learn to operatejand
teach the use of the six instruments. (2) To learn basic maintenance and simple
tests designed-to show causes of instrument failure, and (3) To settle the tryck
-.movement scheddle and financial matters. Although the Workshop did equriénci,
some changes in scheduled events and plans, the major goals were realized. The
_participants returned to the hofie campus feeling confident ‘that they could
_ operate the mobile spectroscopy laboratory. The success of the truck-laboratory’
on its trial run during the Spring Semester .shows that this view was_generally
truei ‘ ‘ | | | e
Preparation of the truck occurred mainly during the Fa]]'Semester,“1975.
Manufacturing -and shipping holdups, design problems, and 'work schedule delays
stretched the time required.beyond the anticipated completion date, However, at
the end of December enough work Had been done so that the/ truck eould be sent ,
out on a trial run during Spring Semester, 1976. Complefion of remaining :
)bonstruction details was postponed until.Summer, 1976 . |

”

ected>The other's were noted for future correction: 'The overall result as
viewed by the participant sthools was that the laboratory is a great success.
*  Each school isloeking forward to next year with enthusfasm. : ,

Smal) problems./were encountered at each Eampus.; As ‘many as possible were
coy
e

v %
.
H
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, .

.
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I. Preparation of\the Truck-taboratory
Four stages were important -ip the prqpanatioﬁ of the mobile laboratory. ;

Initially a plan-had to be formulated and decisions made .concerning the type of =

- truck which wouTd be purchased ahd which instrlments ‘were to be installed -
therein. Then bid specifications had to be carefully, written. ‘When the bids
were accepted, laboratory plans were“finalized so that construction. of the

- laboratory inside the truck could begin. - = - . L

'~ .A; Early planning conterning the truck. 'The source of the vehicle was con-
_sidered.” Should a new: truck be bought or shou'ld a' surplus goveirnment truck be °
purchased? Perhaps an empty school bus body or recreational vehicle body woulq;% L

have been the best buy. The high cost of even a stripped school bus’or ..

" yecreational vehicle quickly removed either from seriods consideration. Since v
this project was to"be’d testing of a new educational idea, a new vehicle rather = ¢
‘than a used one Was purchased. Them efforts-were expended on the testing of the

{ idea rather tharkeeping an 0ld truck operating. - N bt

<
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One of ‘the referees .for the'proposa1 behind this 'project suggestedjthat

the U.S. Atomic Energy:Commission m1ght donate one of their old Mobile .
Radioisotope Laborator1esy A te]ephone call revealed that one of these 1abora- .
.tories had been sitting unused for a year in _a park1ng lot. -However, Emery *
Un1ver51ty was at that time trying to gain use of .it. Further,, many upkeep- .
repair -problem$ m1ght present themselyes with this: un]t Therefore no further

efforts were made to use one of these vehlcles. ' ;

Ear]y in "the p]anntng stages. instrument’ manufacturer personne] suggested -

" . that temperature control”was .d@ very important cons1deratlon for. 0perafhon of a

nuelear magnetic resonance spectrometer. Local refrigeration- heat ing experts
suggested threé-to-foux_inches of insulation would be required to withstand
serious temperature changes during the cold winters of Kansas and fhe hot sum=,
merS of Arkansas. Thts means that the width, heighth, and Tength of the truck.
cargo area would effectively.be shortened by 8 inches from.the measurements when
the truck was purchased due tg installation of the, insulation, 0n1y one manu-
facturer, General Motors Corporat1on, sold a truck at that time with a body
hejght and width of 96 inches. Once eights inches was subtracted. from.the height
of “other. brands ,the usable height which rémained fell belfw six feet, Thergfone
this one requ1rement narrowed the se]ectlon to a Chevro]et‘brand

Dual rear wheels and an alum1num%body were purchased in order to be sure
the weight could be carried safely for long time peripds and to eliminate rust .
during later years of operation. Many different drivers and a heavy cargo made
.an automatic‘transmission and heavy duty sheck ahsorbers essential.” 'In addi~
tion, a steel mesh partition with a sliding door between the driver compartment -
and the cargo .area provided a safety measure |n’case of an-accident. A step-van. -
type truck provided the best approximation to a “¢oom on wheels",: one of the
objectives. Ir ‘summary, a truck 'with, heavy dhty safety features was purchased
as wide ang as.tallas. posSible .in order to prov1de'the exper1ence of a 1abora-
tory in a truck. . ] .

"o v \ ”

The b1ds were opened for the truek after all” Chevro]et tfucks had ‘been
‘manufactured for the 1975 year. Unfortunately.a truck with the needed-aight .
foot cargo area width and ald of the-other specifications was not available.
However, a truck with ‘a ninety inch wide cargo afea was found which also was
- equlpped with all of the other eSsential specifications. A truck with n1nety-’
., six_inch wide cargo area could. have been had:by waiting untlT Fall for-a<1976
model, However in.addifion to at least a. 4 month de]ay the price would*have
been ten percent .higher.  This was unacceptab]e. The slightly narrower model
was accepted. Later,: this réduction in width cobupled with & rélocation of the
generator caused a narrow frt of a‘cabinet at the rear of the truck. . -* o

' B. ' Decisions concerning Instruments. A quest1onna1re obtained pr1or to ..
supmission ,of the proposg} for this project lnd1cated that six iAstriments were
needed by mdst sé¢hools to ved.by the project: asgrating infrared (ir),

T s

ultrav1o]et-v1s|b}e (uv-vis), atomic absorption. (aa), nuclear, magnetic resonance

(nmr),. and;mass’ {ms) spegtrometers and a f]ame«ion1zat|on gas-liquid chroma-

tagraph (g]c) Thus a committee composed of T.D. Roberts, R.P: Qu1rk,eahd K.

McElveen carefully scrutinized manufacturer specifications and prites for thesé -

six instruments. Qccasionally oral’ d1scuss1ons with factory personnel added

. valuable information: After this inquiry was over, spec1f|cat|ons were written
so as to obtain the best fnstruments ava11ab1e 1n the pr1ce range or equ1va~ o
lent .

~ Ny




. 1. Grating Infrared Spectrometer. - Several scHoo]s’have prism infrdred—
spectropeters. -These Tess gxpensive Tnstruments- prohibit certain studies; ‘for
“example, of hydrogen bondjng in organic compounds. To_expand the capabjlities
of those schools with prism instruments and to+provide a rugged, useful spectro-
meter, a grating.jnstrument was.purchasedr In addition to the asual specifica- -
_tions-the followimg were thought be desirable:-*Non~hydroscopic optics, .
germanium lens - tRermocouple detector, nichrome wire source, three scan speeds,
. abscissa scale expansion, accuset meter for preciseygain control setting, sdlid
state electronics with pull-out circuit boards, external ordinate scale expan- .
sion, and. chemically resistant case. ' ot )
v ¢ Lol . . ., . . e . _
2. Ultraviolet-Visible Spectrometer.. Most;mAnufactuners.bupply;a s
.single instrument which will give -either ultrayjolet or visible spectra., This -
instrument typ& was sought*for' the trck-laboratory. In addition to’the ulual
speqifications a digital. readout ynit which could also be used as a digital
vl tmeter* was .thought: to be an important advantage.' Solid state electronicstand .
.pullout’ citcuit boards ‘were avaifable on. alf models. - N

LI
- PR

" « > - * < s ~ ,

. 3. ‘Atomic *Absorption §pectrometer."The.unit desired should have . L
iftegrated reading capabilities with three and ten second , integration times,
peak-réadér capabilityy curve corvection, ‘and zero setting in addition"to the *.

_usual specifications. Integral gas controls, meters, -and push.button flame
~jgnition’was included. Since several . compamies, manufacture suitable ynits, .
these.specifications were kept generatl: S

. +. 4. Flame lonization Gas+Liquid Chrofnatograph.~ Although several schools

.. had gas-liquid chromatograpity CapabiTity, their units provided only the less RS
-sensitive thermal conductivity détection, unually at less thah-optimum hfgh tem-

* peratures. .In-addition these,low cost units often are in need of repair. For ,

these reasons a rugged flame ionization detection 4init was-purchased. P

Independent control and monitoring “of. the -temperature of ‘the injector, the oveny

and the detector "was. spec’:ified.'w The usual specifications ihcluded a large oven

(8" x 7.5" x 6.5") and high sensitivity.(1-x 10-11 amps/mv) coupted with long..-

term stability ( 10 uv/mo.), of the solid’state electrometer. . . :

St er provides, a Tgwer cost.
specificattons were drawn for a Varian EM-600 unit, ‘ '

’ &

5. Mass Spectrometér. .Since only one suppfie}

L -uni

L] °

s 6. Nuclear Magnetic Resonance Spectrometer. A referee for, the proposal
behind this project suggés that one or two 30 MHz instruments would serve the
eeds of this project. is suggestion was rejected for two reasons: -
/1) Friends "at Hender 4 State University, Arkadelphia, Arkansas, report extreme

sensitivity of the,30 MHz unit-to minor temperature variations. (Only one, com-

| 30 .MHz units,). Such is “incompatible:with operation in a S
bgoks- and* the research literatdre record qmr,sbeqtra at 60 MHz. "
ses additional teaching and.understandjng problems if.-a 30 Miz,

“is. beingt uged.” Therefore a 60 MHz spectrometer was purchased.

truck, .-2)
This sfact ¢
instrume
. %ne specifications for this instFument, were written around the EM-360 unit
_fop/two reasons < ‘1} Friends at Southern Sta;e‘qu]ége;aMagno1ia, Arkansas, .

- pirchased:the alternative poséibility, a Perkin<Elmer Ra4 spéctrometer, and

/foupd that an éxtra wooden shield in an ajr-conditionéd rqom was necessary for

. stabi¥ity.. Agéin,.such is not,compatible. with operation in a truck. 2) We own - |
_a Varian*EM<360 unit here at-the University-of Arkafsasd and are familiar with .-
" " its reliabtlity, This should-be very helpful in servicing and repaiging the,

" unit.
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7 which was qn]y as-thdck as.l sheet of aluminim.’

- strength

. requ1red

S 0pen1ng of the bids revea]ed that as smal] sav1qg cou]d be rea]ized by .
purchasingsfive of the six instruments frém one supplier. Since this company «.
promised to deliver,.all of these ﬂhstruments by. August 15 1976, at the-latest,
" orders were 1mmed1ate1y plated. Unfortunate]x none of these promlses were- ',
fulfilled. Every 1nstrument was” at ‘1éast one week iate FThe uv-vis,is )
currentdy one year late. (A demonstration-model is be1qg used.) The. ms was’
-about four months late. ~The other instruments ranged up'to one month late. Lf
anything can be learned from this expkrienge, it is that 1nstrument salesmen dre

tcooperattve,gfrlend1y, and probably sjncerely interested in providing.proper . ..,
service and ‘sales. However, the people: behind the sa]esmen are not to be. IR
trusted and will prov1de«embarrass1ng de]ays

t

5 N » -y

C A]terat]pns &0~ the truck. - e e T IR

In1t1a1/p1ans cafﬁed for mount1ng the afr= cond1t1oner/heater on the roof .
of the truck and*the’glectricity g&nerator bemeath the-floor on the right gear
‘side. \Thus a.constant temberature could be 'maintained in the truck cargo area -
dur1ng travel. ‘Before these obﬂect1ves cou]d be rea11zed, substantial a]tera- ©t
t1ons were ﬁecessary« . . . w . . Lt

- . Ce oy,

The truck was manufactured WTth only skimpy bracing to hald up® the rooflng ..
. An air-conditioner which was - ...
heavy gnough td do the necéssary ceoling in the summer would soon, vibrate so )
much as ‘to fall through this thin roofing. -Thereforg, the first aTteration .,
"nvolved using 2" x 4" studs to brace and reinforce: the wa]ls <ceiling, and = .
- floors. The spaces n the’ wa]]s, ceilings, and floors in between the "'studs were
filled in  with insulation. - Insulation was also_installed on the back doors.-

The wire mesh screen sin front of the cargo‘aréa ‘was, re1nforced by the same type
2" . x 4" studs and insulation. A double glass panel w1thﬁa dead. air space
betweenfthe glass sheets was attached to the sliding.wire mesh door that separ--
ates the cargo compartment from the driver. 'Thus the space Which was to become
the laboratory was first heav11y 1nsu1ated and reinforced. for structural

In retrospect th1§ expens1ve constructional activity probably was
"the single most important fedture to insyre successful operation of the nmr, one
of, the most desnred instruments of the 1550ratory

~

The air- condit1oner/heater is of the type which is used-in recreationa]
vehic]es The heating-cooling capacity <is-11,000 B.T.U./hour. Modification of
" the controls allows the température -sensing un1t to either heat or cool as. '
On a mild day as few as three people will cause the cooling umrit to '
. be activated. During design of this unit, heat sourtes suc the nuclear - *’
mhgnetic resohance and mass spectrometers were .considered. In addition, the _ ]
fluorescent light contributes some heat to the laboratory. The air conditioner ’
was mounted on the top #n the center of the cargo area So as to prov1de .o
efficient heating and: coo1lng : P -

The nuclear magnetic resonance spectrometer magnet weighs 600 pounds .
Once its location in the ‘truck was determined, safety ‘factors were.considered,
Suppose a sleepy driver hits a cement obstacle at 60 mijles per hour? Probably
the wire mesh plus the 2" x 4" stud partition between the driver and the magnet: )
would not stop.such a heavy ‘object from crashing through. If the driver sur- s
vived the accident, he 'might §till be crushed by the magnet. Further, suppose -
the truck overturns and skids to a "halt. The magnet might not’.hit thé driver,




bz:4ﬁsu1d smash around in- the cargo .area. In fact, a 1oose magnet mlght’do much

N~
.

- ‘.
3
rz

B .
. » ] L [ .
LI e,x.,r,, =

mgre financial- damage than that experienced by just.an overturned -fruck. The ~, 7'

- " truck could be upr1ghted and might experience only minor damages; but @ loose

.., magnet could ruin several delicafe electronic instruments ipside the Ta ratory:’

-chain' hpoks are fastened, If the maghet gets 1oose frdm this firm mo

- Therefore, two chajns werg passed .through two large conven1ent holés in he ‘base
.of themagnet an attached with heavy hooks’ through the flodr. -Unfortun

-

the: floor .of. the truck is made of -aluminum which could be easily torn dpart. : ’.j:
Accordingly, a sheet of steel was attached underneath thextruck to,whi h the ‘

maJor catastrOphe will have Qccurred : \W
gyﬁ'k

»*
LN

' Af%er the "diveetor made careful measurements «and draw1ngs "the cabinets. .
were'

~ 'menf of. the truck Hand]es were cut dintp the. ends of each drawer which hoyses
= an 1nstrument.” Thus, a: drawer can~be putled -out and carr1ed into the Chemistry - -

,whee1s on the base of.

joned by a Uq1versxty carpenter. . The larger cabinet was- de51gned to

.house large drawers which cdntain.the sma]]er instriments, ~The drawers were -
"ucoastructed at, 1east.tWO inches_'larger’ in each dimension than the instruments g
"which woald’ go therein. . Then two-inch foam padding was.glued.to eacheside and ~
-threeaanch foam .paddipg to the;bottom of the drawer Further, a-two-inch ‘piece

of: fozm.was placed across ‘the, top /of. the gnstrument , In this way, each of the.
5bur smatler insteuments ‘dre- comp]eteTy surrdunded by foam padding during move-

bu11dfng before “the gnstrument 18 remoyed -The small cabinet alldws the nmr,

‘l\tonsole, decoup11ng unit,"and ostif]esCOpe to ride o three 1nches .of foam.’

Once the 1ocat}d\32051de the tYUCk of nmr magnet Was determ1ned the &
magnet console were removed and-‘a four inch pigce .of
‘foam Was p]aced underneath the.p]ywood base on which the-console sits. However,

- the usefulness of. this foam may be minimal.since the weight ef the magnet

“truck, an extension cord provvdes electricity from commercial mains, T 11ght."

~below the floor <and behind the right dual rear tires proved to be too small.
, Unfdrtunate1y, this' fact became known after the cabinet for both the nmr and the

.

crushes it. to approx1mate1y 3/4". The console of the nmr was 'easily 1nsta11ed
since only 110 volt power was needed. This power.was provided by ‘placing -
several outlets aTong the left and right wdlls. Except durlng movemerit "of the

fixture was fastened 'to the ceiling near the left side to provide close,proxim-
ity to ‘the power*~source.and to be sure the head of the, tall person would not.
bump’1t To *complete the equipment needed for, the nmr, the air pump was located .
in an unused space on the floor underneath the driver. This removes the. noise’
of the,pump motor from the, laboratory space. A plastic tube de11vers air
through the wire mesh wall to the magnet as required.
. s

= The electricity generator was added so that the truck will have power to

the instruments arid to the heater-cooler while traveling. A convenignt space

other instruments had been .installed. The.only remainjng space was found to be
on the left side at .the year above the floor. A hole was cut in the left side
to provide both intake air for the motor and access for servicing. The genera-
tor space was then covered wutbennsu1at|oq:and wood facing.

-~ Early dur1ng p]anning of the 1aboratory, thought: was given to weight o
distribution. 'The heavy magnet on the left side was“to.-be” balanced by the othet -
instruments, the cabinet, and the generator on the right side. When the genera-
tor had to be m0ved to the only available space on the,left side, an.imbalance

. occurred ThTS was eaS11y cor cted .by use of .jack stand3 (see be]ow) when the

~
3
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' \reason- ‘the tecerder wou].&‘proddt:e,an ~apppox~ﬂnate’¥y tuoidycle per - se&qnd sme.

wave regardless of sarnp]e,, mode-. “of anq.];yS}S, or. byttops, pushe,d‘u‘;ﬁqrefuﬁ analy‘ '*;»"» ?
si$ showed .that th:is «sighal 'gjnsted in ev stage fx;om the *transm}xgen 't ttfe va ’f‘;:'; .
recorder. Finally, a small rocking, mantt(m qf the ’tr’u,g;k ver1ong time. ‘perfed&, A }l&\
Was' determm;d to be the catise of ”sms. apparent ﬁslgna*l orthe mecBB@em zdackmg NSO
‘Up- the- truck and puttmg feur ' jaek s’cands»unde?' ttie B eé‘nter stmz;tt:rai Heanis. *;;"f*
refoved this, problem, * ‘Rutting: thewjack stards uncrpr the a;ﬂé; 18, 1ﬂeffe;tj¥v‘g¢h i‘j@‘

since the trugk 1s sfaﬂ'.sus ndeﬂ om s,prmgs . -,,~.~ i ;L “ " .y:;fk*i’?g‘ﬂ"n
o IR "‘; g w-‘\'. ?”““ .%,"

Ear]y it was 1maginad hat- aan; 1dea1 method,.?br ‘ané: persegn"to ove the'
1aboratory~wou]d be to use.a tgw-ba.r to' pull a car, bggmd the trigks A f erw R e
deiving to the participant.. schao] the driver could-r thmeme m'th\s -..'*.’ W,
car. Only. the director of fhis’ o,]ect opted to POFIW, ThTS pnocedm‘e ‘pu“;f:: st
.. However, ‘even he abandoned it af’pgr g\ near seriou%a,acmdéftt‘ witsn. tit Howstiar,* ¥t *

A

.became-loose, ,and after ‘twice almost, ruming*t'he autom'atxc~‘&r.ansm15513?fﬁf»hls .
car. Due to the weight: of the mag'ne't thg tr‘ucﬁ s 1mba}ancé¢ ¥o: the' ~delth srdw T
Further,,the truck: is éver 25! Tonga. Adding. & £pv- -Bar and’ automobTLe prﬂvMes a SR

"’* ﬁq*
'?7».-°

-

\‘351

",

‘very -long procession that doed not,eas 1y navigat g&arg.ca“i’ner‘ SBce, L aul e
neither the director nor any of the- par’hcxpantﬁ poL cpord]rrators dre p'ro- ";:- -
fessional struck erers; _the practma«yof tew.’(ng a‘ear 15 abaﬂ‘doned and npt R A
recorrmended. . o g A Voo ST

- . - LS
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One of the ‘best “ideds ut1hzed in thig prodect was. the stx waeks “Summer; ~k
efforts’ were d1rected toward fanﬁhamzmg nar:timpant school )
coordmatﬁrs 1th the theory, opemt1on, and mamtenance of the Six 1ntruments .
_and est ing ways and means of cooperating both in scheduling and paying for -~ "* .
"the oper‘atlng of - the truck. Z\]Ehough the three major :goals were accomphshed., oL T
several side-effects were 1mpor ant and are: d1scussgd below.. During the .. °*
workshop he efforts were made: to cperce any sthool to use any instrument of -any

given expemment Each schogl,was left completely free to dn‘ect its own . a '

st

any, were -appropriate for its students. .This important fundament.al tenant -

remains as a bas1c lngredlent of th1s proae.ct N "
o T ) . . S / o ) S
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i %, ,Jmfifwﬁy, sevéf'af sma‘ﬁ ch‘%i’ﬁgesg ue’r‘é’ ‘made in -érr*éngefr;ents ftfr‘thé’ Sbln‘@er
e & }\‘ a{k’sﬁbm“ Because «tﬁe proposa‘(' bemhdvﬁrra nrioj 86t was gubmit’te& ~at, sucﬁ a hake,
P e &,y the Qrogéct“wdzd o, beginas égrly as, would *havg(be‘eﬁ‘ abLigym.: Onig“GF the

IS

W A ;,: p@r;t)cxigant schabl” coordmabors wis Yorced to cqmmﬁ‘ mq;§e1f~ /Iowa;, sr{me:i job CE

?1‘{‘ Hogow geuT;i oni‘yk a‘tt?end w0 wgeks. Two others could ondy %tt.end for” f:;vee oj‘ the, $% t e "
v . «;" f;‘ e ¥, Thét major instrument *sap{ghe haé promised to’ gprgwﬁe» abod,t three“weeks N ; “
o »éf’“ e T n&truc:tlon, he'fﬁ arid' te,achmg*concermng the: mstrgﬁients. Oyer, ofé-nalf of :
PR I Hhy; three-»w,gék‘ pe iod fa@ﬂedgto mterwabze.»t* Adjustments ;were‘made by the's © _:,q

rrf SN ?’,“ gj c%or so; thg.t e morgeshoxz c;puld dccomblash 1t;sf goais.g g RN ;, ;:,: CF e
w{ RN -’“ P U

i‘.;',r: : ;, : *}%lﬁhe i)lR‘pQ,S.e nﬂf %be' WOYO& Waf to famﬂlar'-!ze ;Ke p_ar;icgpaﬁt SCh0,0oT R .

g;;?f{z*' «coaréﬂﬁatﬁrs wgtﬁ the’ opardtion of.. the 1nstrumentg “ahd the Jaboratery so that - - ' -.
i?;igﬁafg“%%ﬁﬁaﬂ arriga} of thé .Lruck on, campus, bpt fmum-utilization wouzg ogcur; - This was’ .
= whe S sdongdfor eagh: fnftrument folTong a fiye-point plan, ; Eirit, Iectures were pre- ;. °
X% ‘nge;f‘sen&ecl an theop b boih as ta how the mstrumepts funcrlon and as Lo how the . "_‘,_.--'.'”.'
WAy A&lnstrumentsvare used;1n*chem1stry The partncupants ‘then begar’ to, get. = .o LU
Roe . T ex rien_ge in -setting up ‘and operating the mstrqments. Several demonstrg,t1oqs Dot
ag ¥ o ’f‘:*“; 49t paseible” undergréduate experiments which used a panticular’ instrument, weré’ ... B
;‘3" a o 15 ,then presenj;ed. . Next, each partictipant engaged in*a reund-table, opem | . ;‘*‘,-' S
Ttk TR dlscugsioh of the use "of the instrument. go his.cappus. ~Nofes .were taken., ,° e [
5,2‘ :.%‘ JQuestions were asked, References ware given. Most-felt ‘such discussions weree‘ 2.

? .= NefykfﬁurtﬁuJ and stimulating. Finally, @ list was eomposed of Smail items; - e L
v"‘ 3 "“which mwauld.be needed when the truck-laboratory arrives on campus. §uch ~1tems -
L f,‘;, , g ghart” pager, “recorder’ pens, and:sample containers wﬂ] not - be rcutme1y b
3 > S‘Upp‘hed on the truck’due to the ‘ease with chh thr.;y .are misplaged; . * ' .
ur‘pmsmglys, the_cost of these items mount’s rapidly for a school wmch has no

i - preVIoUs Taboratory use of an- 1nstrument Same .schools faced 1n1‘t|a1 .costs of
Qw “Jfour ~hundred donars, espeqaﬂy ‘since” severa1 ‘year's supply were often o

Y

- purchaséd dn order to take advantage of bulk’ purchasmg ' e _‘\ .

R ’ o Mamtenance and preventlon of instrument failure was an 1mportant concern ‘
RN .0f the workshop. “in th eXpérlence of the d1rec;@kﬁwe problems with . .

T o 2 1nstruments are due to Bither a trivial profile or to lack of understanding of
;= - How the 1ntrhment functions. -Therefore,.the f st _primary area of ‘emphasisy. .-
J.Av T “designed to prevent instrument malfunction,. wahsto Be suré’ that the participant$
el haye a ‘sound knowlédge of. ‘the instirumept - and.'thd' technique .involved. This
tra1n1ng is probab]y a major - factor ¥i any success enjoyed by the laboratory
e A few days were set aside’ for e]ementary 1nstruct1on in e]ectrOnics bx Ko, - >
L ‘McElveen. The plan was to teach the participants enough .to -use-a voltmeter e
... "intelligentTy to make CE§CKS on thesg instruments. In"thi$ way, the,participang
o - . would not hesitate to rémove the- covkr ‘and make. checks:so_ as to isotate the ,
. . “malfunction to a‘particular, area. Then perhaps .4 faulty cirtuit board can be
7, _ - isolated and qu1ck1y~repa1red Some of the manufactufer mapuals supplied with
) " “the instrument contain 1engthy trouble shoeoting guides. Notf -only do these con-
_ "tain voltage checks at key’ points, but other-kinds of checks, and procedures for
..~ - determining where a prob]em lies. . Most 'of th¥se problem aréés were noted and .
ﬁf\ checked duripg the summer. For examplie, movement: of instruments often shakes )
. *  loose circult, boards from the1r connections. Remova) of a cover quickly shows -
.—. « Which one has jarred 1oose. Each of the voltage checks were-illustrated to the

4

participants. °© . b .ot
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" March 27 to April 3

e ’ ” ’ . . . .
. . » . «
A third important function of the Workshop was to find ietheds of - . ,?
cooperating together. The participants elected to establish a -schedule for the
truck separate from any iffluence of the director. Thelresults are shgwn ‘in

Table 1. This compromise ‘schedule seemed to provide the,truck at a time which

_would. be useful ‘to each school. . In addition, the Univérsity of -Arkansas: agreed

to pay fog the gasoline and oil for the truck during the year and then divide up
the amount among the schools for repayment during the summer. - .

§ b B
¢« -
¢

e . Springs, AR -

Ouachjté Baptist University, W. Everett
= _ Arkadelphia, ‘AR

)
4 t ‘

] }/Mdch'discussion concerning the contents and arrangements of the truck-
laboratory ensued. Mamy valuable suggestions were made to the director from the
participants .concerning construction of the truck-laboratory.

¢ o o “ \ .

. . '
April 3 to April 10 . University.of Arkansas, Monticello, . Godwin
: .o Montice110{~AR oo .
e : R : 7
April 10 to April' 17 Harding College, Searcy, AR ~ E. Wilson
Aprd1 17 to April 24 {QALka,nsas College, Batesville, AR  ~V. Kirk
s ‘ ’ .;'
» 7 "™April 24 to May 12 ' " College of ,the Ozarks, . " M. Condren- . »
B . ' Clarksville, AR ) . -,

-

+
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e - . TABLE 1 . N T
. © * _ABORATORY: MOVEMENT DURTNG SPRING 1076 ~ - S ) |
Dates -;1976 o - Location- . ; Cogrdinator’ -
January 5 to February 5 ' * Tahor Co1ﬂe§e,.Hii1sboro; KS." ,i‘ . W, Johnson -
Eebrharyﬂs‘tq February 13 Sterting Co]iege, Sterling, KS A. MEA1]i$ter"
. Februaty 13 to-Februa;& 20 Kansas Wesleyan University, ™ - " Y.C. Chiang )
. Salina, KS ' : . o
. February 20 to February 27 Bethaqj Co]]egé,~ L1ndsb5rg, KS M. Mitnﬁé]T
February 27 to March 5 McPhersdn Fo]Tége, McPherson, KS : R; Zerge? -j.
March 5 to Ma;éh 13 . Bethe1'%o11ege, N. Newton, KS, N -iT. Lghma;l.
i March 15 to Mérch 20 University of Arkangas,#Pine éTuff, W. w111fngham
. 1 . Pine Bluff, AR . R
Mareh Zé‘to March 27 | John Broﬁn'UniVersity, Siieam| J. Ho111d5§$;;\ T

\l-.: °




"worrking together that was &ruly enjoyable:’ S : Lot

. 1 . ot ' .
Fimally, there were a number of extra benefits of the Workshop which were. iy
not planned or necessarily expected. For example, ebery participant spent moere
than forty hours per week.in workshop studies and other chemistry proaects
Many worked at night and on Saturdays One from Kansas and «another from:
.Arkansas found common ‘interest.in a new atomic absorptlon experiment for

.Xndergraduates and worked out. the detailss, .This work is to be published soon. . e

‘number- of discussions of teaching methodSrandatoplcs were organ1zed for
evenings.’ Much informal idea exchange eccurred.” A University of” Arkansa§
faculty member came in one night to illustrate haw~to make very inexpensive lect
ture slides.- Thus a common sharing of problefs-and solutions forged-a spirit of -
comradeship previously ufknown: ,No longer di éﬁe larger school remain, &loof.
while the smaller schodls each bent~separate ays. Here was a new spirit of

. oy
' 'The project director now stands ready to help Other similar projects with — —
jnitial workshops. For bare expenseS an.on-site visit with prospective par-

t1c1pant schoo}s fow new proJects cou1d impart much 1nformatlon , v =
11. ’Add]tion of a Thirteenth School” - - :§ - —
f‘ .

* . - . .
Before subm1tting a proposal a number of schools were queried as to their .

interest in héing a part of the project. Oue to a misunderstanding, the

Chemistry Department of the University of ArKansas at Pine Bluff did not indi- .,

.cate any igterest in this prbject. However, in a chance meeting, “the true .

nature of the project wa% made clear and a request was made to be a part of the —

project. Therefore, the Un1ver51ty of Arkansas-at Pine Bluff was invited to

become one of the participant.schools. The Head of-the Chemistry Department and

one other facu]ty member came up during December for instruction in the use. of

. the nmr, the atomic absorption and the mass spectrometers. Then during the

Spr1ng Semester the truck visited their campus for the usual one 'week period.

.LV.” Tr1a] Run, Sprlng, 1976: The First Visits.of the Mobile Laboratory to the

Campuses of the Participants

In January, 1976, the' decision was made to send the truck on a tr1a] run
. even though several coats of varnish were lacking, the carpet was not yet
“,nstalled, a make-shift door had been fashioned for the generator, and a ghair
was not available for a passenger. (The manufac;urer did not deliver the do
for the-geherator compartment as promised.) ‘The $chedule in Table 1 a]]owed the
truck to visit every participant school for at 1east one week.

At severa1 colleges the filament of the ms fa11ed When fewer samp1es of
_ heavily halogenated, highly volatile hydrocarbons were injected the filaments
" lasted much laonger. A second solution to this problem was sought along finan-,
cial lipes. New filaments . from the mahufacturer cost $69 plus postage and often
are delayed several months before delivery. Therefore a small supply of the
correct diameter rhenium wire was purchased and several attempts were made -to
learn to fashion shop-made filaments. . This project was & success. Filaments’
can now be made for Tess fhan one dollar. Therefore,; several, filaments will
travel with the truck at all.times. When one fails, another can be subst1tuted
The broken filament can then be mailed to the director for repa1r P

* -4
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Other problems. which were encountered were m1n1ma1~ At several schools
‘fuses or circuit breakers failed. Next year larger ‘amperage lines will be used.
Some schools felt that too many instruments arrived at one time. This problem
. can be solved by aljowing the smaller_ instruments to circulate semi-
independerit Ty of the truck in privdte cars. The time involved in setting up the
.truck caused some to decide to have the truck on their campus once for two weeks
rather than at two different times for _one week each Prob]ems of this kind
will be worked out as they occur, )

¥
- V. Dlssem1nat1on of Information

R 4

Dur1ng the f1rst year of this proJect, a minimum amount of 1nformatlon was -

" disseminated ause so ruch of the- -problem remained to be done. In January,

. 1976, a National\Science Foundation project director®s meeting near Washlngton,
D.Q., allowed the director to briefly. outline the project and its goals bafore a

small interestéd~audience. A few members of the audience asked for and did

rece1ve additional 1nformat}on

The usual news media publicity had been obtained. Local newspapers appear
to be interested in the idea and its solution. A brief news note in Journal of
Chemic-al Education brought.forth a, few inquiries for information. In.short,
during the first year, the usual informational publicity has been ‘put forth for
a novel idea which remains to be pro;en

4

During the -early stages of this project a telephone call from Professor
Dave Smith, Doane College, Crete, Nebraska, allowed much information to be
exchanged about the project. A cooperative venture similar to this one_is
envisioned for the Nebraska area. This project stands ready to help in any
possible way. ' - . ’ gé

Future plans ca11 for much more discussion of the project. A poster/paper
and truck demonstration are-scheduled for the Fourth Biennial Chemical Education

Conference, August 8-12, 1976, Madison, Wisconsin. The same is planned for San -,

-Francisco, August 29- September 3, 1976, at the National Meeting of the American
Chemical Society. This latter paper is part of "a "Sympos ium on the Economics of
Undergraduate Laboratory Programs" Acceptance of this paper represents a minor
s1gn1f1cant achievement . for ‘this project. AN
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Grant #:..SED75-14376 © ¢ - g S _
Un1ver51ty of Arkdnsas . ’ o
Grant Director: T.D. Roberts i::-a S

v S e
Ty

- 2 USE_ OF "BUDGETED FUNDS, YEAR ONE
. Co “ June 1, 1975 - ‘May 30 1976 .o .

I, Tnstruments (Inc]udes 3% sales tax and sh1pp1ng)

‘e

’ , - Budgeted Speat °  Encumbered
- a. Spectrometers . ° ' )
. .. Nuclear magnetic resonance - . - 15,8200 17,142.98 g
; ) 2. mass . 10,170 ©0.00 7,423.30
3.- infrared - - 6,780 4,852.59 . ’
4. ultraviolet - C 9,492 . - 0.00 6,684.20
5. atomic absorption 7,910 5,948.90 -
b. Chromatograph © 3,955  2,566.90
** ¢. Parts, tools, etc. , 10,735° 1,897.18 ®
- d. Audio-slide projector : 1,130. 1 024 85
e. Manuals 565 .
. « " " Total 66,557 33 434.00 14,107.50
T L 3" .
II.) Truck )
a._ Purchases : - : 7,663  6,788.64 . ° "
b. . Alterations . . 2,781" 6,061.89
e ) : 'Total 10,444( 12,850.53
ITI. Salary-Wages . L ' ' -
. a. Director .’ ~ . 9,300 8,738.02
b. Senior faculty assistant 2,460  3,281.00
c. Graduate Assistant 6,000 5,420.00
. d. Setretary 1,200 1,209.00
_e. Participant school coordinators « 12,000 11,333.00 .
"f. Fringe.benefits 3,096 2,114.00
g. Indirect costs * 15,864 <16,074.00
L Total 49,920 48,169,02

¢ . . ) { }
IV. Maintenance; Insurance. - :

a. Parts \ * o _
1. Instruments e 300 . 0.00 .
2. Truck . ' *- 200 .0.00
b. Insurance ‘ ' 2,000 1,041.00
Total , 2,500 1,041.00 - -
v. Trave1 ) . i
3 -, . ° ) . 33
~a. Director . . 800 290.14
" b. Participant toord1nators . 12,756 12,286.41

c. Repait trips . 200
Sy Total 13,756 12,576.55

Grand Total 143,177 108,071.10




" - - REPORE: YEAR TWO

+

SUMMARY: ™

> The summer was largely.spent correcting small problems found during the
first half year of operation, completing minor construction projects which had
been suspended while the truck was in.circulation, and displaying the truck-
laboratory at two national meetings: the Fourth Biennial Conference on Chemical
Education, August 8-12, Madison, Wisconsin, and the 172nd National Meeting of
. the American Chemical Society, August 30 - September 3, ?an-Francisco,

-

Lalifornia. Widespread interest, was evident.

!

: The academic year. in
regular year of truck use.
dinators of the participan

volved the first evaluation conference and the ‘first
The panel of outsjde experts as well as the coor-
t schools indicated during and after the conf&rence

that the first year was a success.

During the second year of operation of the

truck-laboratory a number of small problems appeared. Solutions for these -

problems are plahned during the third year.

)

: ' Dufin§ the third year plans will be finalized to put this project on a'-
. ~ self-supparting basis and to publicize further the results of this experiment.
) . s . ‘

f - 1. .0ther Construction Work on the Laboratory : N

)

Durving the Summer
jects were compléted.

of the second year several su5pended‘constructioq pro-
Carpeting Was ‘installed as a floor covering and as_ a

deterrent to heat flow in the cabgarea.

A door whs fashioned.to replace the

.makeshift door over the generator.
of the participating schools. : 2

P A
-

During the Spring installatton of a solid
inlet completed the mass ssgctrometer facility.
provide a new model the codt.
meter which had been initially shipped was reduced by 25%.

of the:- demonstrator ultraviolet

The sign was completed by adding the names

S

sample inlet and a gas sﬁmple
‘Bécause the supplier could not’

-visible spectro-
Although this unit

]

@

is 9ented and scratched, performance is good.
II. Dissemination of Information Concerning this Experiment

Three meetings were atteaded durfng the year and an oral paper or poster
paper presented at each. -Durting the summer the. truck=1aboratogswas driven to
Madison, ‘Wisconsin, and’/displdyed on the campus of the UniverSity\of Wisconsin

~during the 4th BiennialzConference on Chemical Education. About 300 attendees
visited the truck and accompanying poster paper. Additional inforpatien was
supplied for all who’reﬁhested it. At the end of the summer the laboratory was
driven to San Francisc@'and displayed outside the Convention Center, during Ehe
172nd National Mé&eting of the American Chemical 50c1e%y. More than 1000 visi-
tors viewed ‘the laboratory.. Some requested additiona information which was

. later sent.by mail. In the Spring the director presented a paper ‘on this pro-

ject at the 173rd National Meeting of the American Chemical Society in New

&}'x*,‘.“-] ‘

Orleans. The titles of these papers and the meetings are summarized below in
Table 1. An abstract of each is attached to this report. - ) i
. x o .

1

o
0 . . )
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- September 6, "976, issue. During the San Francisco meeting staff members from

' 1a29natory experiment.

- s depicted« gf the following page.

. | TABLE T o - \ _
Oral Preggntationa of the Work of this Project
Date Meet}ng,Tjt1e o % . paper Title
é/8 - 8/12 4th Biennial Conferénce“-: One Idea ana One Truck after One’

on Chemical Education Year: Problems Associated with
: ' Construction and Operation of a
Coqperative Mobile Spectroscopy

K

#

~ Laboratory
8/30 - 9/3 " 172nd National Meeting, . A Mobile Spectrbsc0py Laboratory
- A.C.S. - as a Cost Cutting Venture
N s B . . - » ¢ ’ “
-3/20 - 3/25 _173rd Natjonal Meeting, Chemistry in a Mobile Spectroscopy
A.C.S. Laboratory T
. . :

.During the meeting in Nisbonsin a reporter from “Chemical and ‘Engineering

News" obtained information and pictures which subsequently appeared in the «

Varian Associates did likewise, An article describing this work then appeared

in their company pubTication, "VIA", Volume 10, Number 3, 1976. - 3

During late Spring a writer for "Mosaic" visited the,caﬁpus of the College

of the Ozarks with the director in ord® to-prepare a story on the truck- ’
. o . , :

-

A -number of inquiries by 1ndividba1s were madé and answered by the direc- ¢
tor during the year. ‘ ' .o ' :

I1I. The First Evaluation Conference
. oy
The first evaluation conference was held on September 17 and 18 with the- - %

independent evaluation panel: Professor WeT. Lippincotit, K. Takemurs, anp nga
VanderWerf. Minor problems and the yearly schedule were discussed among ‘par- -

" - ticipants during the Friday sessien. On.Saturday a report by the director and

the participating schools-were flade to the panel. After their independent deli-

_ berations a joint meeting was held ®o receive their comments. - Mainly the panel

was complimentary. However, they did stress that.the group should look to the
Future and asked what new programs or ideas were to be. developed. . Further each
school was encouraged to think of uses ,of the truck with Tocal- chemical . :
industries. .7 ' ‘ - .

(- o , .
The schedule which was devised by the participants for'tge academic year

0 4 . .“? ) I
> L. s ) A

" ' Vot
‘.




SN S T
1976-1977 Schedule for the Truck Laboratory ] )
r~ >
10/3 \ Univers}ty of Arkansas at Pine Bluff
10/10 University-of Arkansas at Monticello
10/17 - Ouachita Baptist University : vl
10/24 College of the Ozarks :
10/31 - . John Brown University . ‘.
11/23 * . Sterling College ' i /s ,
11/20 Bethel College ‘
11/27 Kansas Wesleyan University ¥ -
12/4 . McPherson Coliege : ‘.
12/11 Tabor College .-
1/2 ‘ Serling College and Bethel College
.2/5 Kansas Wesleyan University ;. .
2/12 “Tabor College S
2/19 - McPherson College
2/26 Sterling College - - ,
3/5 - Bethany College . §
. 3/20 . Harding College ( ‘
4/3 Arkansas College S
4/10 ) University of Arkansas at Pine Bluff
4/17 . University of Arkansas at Monticello .
- 4/24 : Ouachita Baptist Uni'versity
5/1 Col®ege of the Ozarks .
\
[

IV. The First full Year for the Trﬁék-Laboratofy

-

. &hese were solved by a trip of the teaching assistant.fo the site and/or repair
by personnel at the site. Only time will tell as to whether these re-occur s
year]y and at a rate so as to be discouraging. In the main the participating
schdols continue to be pleased with the project and to look forward to its con-

, tiqueq use. ;. .

. " During the Jedr a number of small problems were’experienced. Chiefly ;/':§\

g0

SN
-1 ’ M
!g Futuré Plans _ ) .

During the third year final plans will be made to put this project on a
se]f-supporting basis. Further, all concerned agree that the spirit of coopera-
tion that has resulted from this project should be enlarged. Therefore efforts
will be putxforth to find new and better ways to cooperate for our mutual bene-
fito ' "N * - ) N

. ~ ‘/ ‘ . 4
, : : ‘ 4 -

;
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‘..C. ~ '“>'../.‘/*’.‘-‘i .~ 4\5._‘ ' ‘ ’ ) oo '-.,.l("

R =~
Ve o - T e
s, . . . v -
{VI. Use of Budgeted Funds: Year\Two "
| " L June 1, 1976 - May 30, 1977 RN ; '
. | .. . Budgeted Spent
. I. Maintenance, Insurance B o - B
2 A, Instruments, parts . $. 400 . $ 125,05
: B. Truck maintenance . 200 ° 195.86 ° -,
- C. Insurance : - 1,850 '1, 092 00 .
. D. Unspent from Year 1 . 1459 . 000 eefieaeo .
: T+ 7 TOTALS . § 3,909 $1,412.91
- " . I . ; DS R T
I1. SalariesWages . ' .
A. Director , $5,600. §5,0002 -
B¥" Graduate Assistant 4,800 4,830 . ..
: C. Secfetary 1,200 287.86
D. Fringe Benefits. 1,160 826.80
Es Indirect Costs . 5,944 5,675.53
F. Unspent from Year 1 ‘ 1,750 9§ --------
) TOTALS 20 454,98’ $17,560.19
IIT. Travel . » -
N A. Director. $. . 800 $1,242.38° ' -
B. Participants to Conference’ 1 000 R 706.82 ,
‘C. . Panel 1, ~000 696.15 .
D. Graduate Assistant Repajr 200 88.14
Trips ., - 7N
E. Unspent from Year . - 1,179.45 0 eceeceeeo
; - .- TOTALS $ 4,179.45 © $2,796.93"
i . o a A4 " \
\ IV. Instrdments, Truck Unspent from Year 1 /o
| A= Instruments k d
Mass Spectrometer $10,170 P $7,646
Ultraviolet-Visible & .
Spectrometer « %, 9, 492 o 5,239.38™
B. Parts, Truck -« 11,054.47° ‘
“Parts T SO .7} 599.49
* Truck Alterations . 546,85
TOTALS ,$30,716.4?~ $14,031.72
Total' Expenditure - $35,801.75
1,5%& s ‘ . '
it Funds Remaining as of 6/1/77 g
(includes 25,594 for year 3 budget} $49,127.22
Notes: o ) . “ -\ 4
"y @ Includes some year 3 salary due to the year threg summer school
' beginning May, 1977, instead of QUne as anticipgted.
N\

LT
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VR T ¢ 1.,  GREPORT: YEAR THREE N g

N‘W-—“' SUMMARY ... ;t- . "o -
AR ’ t T . - ) T
VAL T In add1t10n ‘to norma] actiV1ties (see ' prev1ous reports for a summary bf .

» ., these act1v1t|es) th1s year, was marked .by unusual publieity,”an on<site-visit by . ~
“-a~ _ -0r.John Snyder, the‘Natlona1 Science Foundation project coordinator, and a

.najor decis-ion concernlng future fimancing of the project. * After all factors

=t 'aare cons1dered the” year can be termed.on outstand1ng success. :

» Cat & ~ < V- 3 v -

S The Usual Act1v1t1es Summar1zed i . C o St
o ' | ’ -

- 9. As usua] the truck schedule was composed at@the yearly meet1ng by the -on<" ‘

~campus coordinators as a function of thei néeds and desires. Durlng this year,,
_some 200 chemistry majors used ‘the. ?nstruments in the mobile 1abgratory~to do -
chemlstry exper1ments Mone than 400. non-chemistry majors were given demonstra-
, ==, " tions of the use.of”these’ instruments as part of their science courses. The
~ schedule of, yse of the 1aboratory during this 'year was as follows:

-

-

r. Week of: C Schoo]

: L. - o * )
’ i 19/9 10/23 ;- Ouachita Baptist University’ ' o
’ ¥ 10/26- 10/30 " . . University of Arkansas, Monticello ~ "
. . 11/p .. " _.College of the Ozarks, . =
11/13" ' ~ .RepairsClean Up. Week (U of A)
. T1/17-12/3 ~ 7 McPherson College’ ’
. . 12/ - = ¢ Vacation - Tabor College . -
° ) + - Interterm (Jan.) Kansas Wesleya Un1vers1
L ¢ 1/30-2/3 ’ McPherson Co11zg
. 2/6-2/17 ~, « ° Sterling College ) Ct
= 2/20-3}3. . ;> * . Bethel.College. : c ’ .
3/6-3/17 : . Bethany College . . *
+'3/20-3/25 s ' Repair-Clean Up Week (U af A)
. 3/25-4/11 .,,‘ John. Brown University
« ., 4/8-4/15 “University of Arkansag, Pine Bluff T
- 4/22 ,‘:, University of Arkansas, Monticello ' .,
~ ~ —4/29 .~ . -~ Arkansas Cdllege - Hard1ng Co]]ege )
. 5/6 © - 7. .College of the Ozarks 4

T -
4

During the Spring of the year, the mass spectrometer fifctioned 1nterm1t-
,tent1y. The other ‘insfruments opérated ds expected. Obviously some attention
must”bé given to the mass«spectrometer to correct its malfunctions, :
v . o, -5 "‘ -

Pub11c1tz L e , ' -

Three - unusua] and s1gn1f1cant publicity 1tems occurred, during th1s year.
First, an article ap/eared in the September/October issue of Mosaic.
Significant comments”of approval were received fromseveral chief dmlnistrators

;-

of the smaller schools associated with this project as a result-of the article.-
Later during the Fall the.director of this project was.invited to be the after-
dinner speaker at the' yearly meeting of the Great Plains Association of
Chem1stry Teachers in leera1 Arts Colleges. Many questions were answered. .:

. * © .
- - ‘ . “ -
. R . .




-
.

.

Eudguragément was given to a group of schools in Nebraska which are planning a
similar project: (This project was subsequently funded by the-Dreyfus .
o ’ . "Foundation.) Finally, two articles written by the director were accepted and
« . ‘published in the Journal of Chemical £ducation. This latter publicity brought
*-.on arash of individual 1eters followed by mention of the project in a summary
article in Chemtech." . S ' ‘

On-Site Visit / ' f ' A | '
] During September, Dr, John Snyder, P;ogram Diréctor, Modes Déve]opment
N . Program, visited the project site and learned first hand about.our problems, the -«
) . 1. solutions, and the future work to be done. Much useful discussion’ensued, espe-
K cially congerning future financing of the project. AN

§ 1 P

Future Finances

£ .° A significant decision was reached and put into action concerning the"
future method of generating funds for the project. During the 1978-1979" aca-
.demi¢ year each participgting school will besassessed a fee of $20Q. This fee °

will go up at least $500%For ‘the 1979-1980 academic yéar. Théreafter, the fee o
-~ will be assessed as a direct function of expenses plus a set amount to replace ’
' unrepairable instruments. In this way the project will be- self-supporting. ™ .= "«
. ' ©T * &
" Use of Funds: ‘Year Three (June 1, 1%{7 - May 30, "1978) ) :
. . YT ey
Funds were expended in the following way.during the year: e i
r I. Maintenance, Insurance } : : o . L L
A. Instruments, parts $ 255.47 ” +
B. Truck Maintenance - ~ 257.51 . :
C. Insurance . 983.00
' ' TOTAL . $ 1,495.98"

- . II. Salaries, Wages '

A, Director . $ 4,551.00

. B. Graduate Assistant AN '~ .5,040.00
- C. Secretary 100.00
0. Fringe Benefits 664.93 . E
o - E. Indirect Costs . 5,417.13. . Y
) ' TOTAL 3 15,773.06 S -
, TIII. Travel ' S . S
A. Director . . $ 1,153.87¢ coL
. B. Participants to Conference ] 954.02 ‘ '
. C. Panel - X 417.16 :
D. Graduate Assistant Repair Trips 90.23, - T
- TOTAL T 2,615.28., . o
IV. Parts % 1,815,39 - |
, ' , e
Total Spent  $ 21,299.71 T
, Balance from Year. 2- A $ 49,127.22
) Balance on Hand 6/1/78 - ‘ $ 27,827.51
s . N ) -

- LV ; 23 , p N .

" )
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' eontinued Use of Une@endgd Funds . . ’ . |

x N

, Science Foundation to allow unexpended funds to be used during the fourth year

/ Durmg the 1atter part -of the year 4 request was made to the Natienal ’ /
T of 0perat1on. ﬁns request was granted. ‘L
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“SUMMARY: ~ T ey ‘ n

REPORT: YEAR FOUR *© -

€ K , . - DR

This year was marked by unusda]]y easy use and reSponse>of five of the six
instruments and unusual difficulty with the sixth, the mass spectrometer. Twn

~of the schools dropped out of the program. s

- - -

Norma] Activities

S ~

The - schedu]e for movement of the truck 1aboratorM/was compoSed by e

) te]ephone and letters ip, August by the director and canfirmed at the yearly Lt e

meeting in October held in conjunction with the Midwest Regional Meeting of the

, AmeriTan Chemical Society on this campus. During this year over 100 chemistry .

majors &d more than 200 non- chem1stry majors utilized the laboratory as part of,
their training in chemistry and science. (This number is down some from last

year dle to withdrawal by twd schools and some difficulties with the mass o
. spectrometer,. See below.) . The scheduled use of the truck-laboratory is as
) follows: . ! ,
.o, p 2
Week' of: _School ~ "
. . "
10/8-10/12 ., Harding College ‘ ~
10/15-10/19 i Ouachita Baptist Un1vers1tyt
10/22-10/27 " University of Arkansas, Monticello
10/29-11/2 . -, College ‘of the Qzarks i '
11/5-11/16 x John Brown University J S
11/19-11/22 Repair-Clean Up (if- needed) (U of A)z ©g
"11/26-12/15 . Sterling College .. Co N
12/7-12/29 - - Christmas Break * -+~ - B
1/2-1/21 . ' Tabor College ( b .
1/28-2/9 " Bethel College . ‘
. 2/11-2/23 " McPherson .College .. h e
2/25-3/9 ". ~Bethany College - "
3/12-3/17 " . Repair-Clean Up (if needed{ (U of A). -7, '
. 3/18-3/24 - Quachita Baptist -University +
" 3/25-3/31 _University of.Arkansas; Mont1ce]1o ’E :
4/1-4/14 ) Univérsqty of Arkansas, Ping B]uff~ , -k
, 4/15-4/21, | Harding College . - )
. 4/22-4/29 Col]ege of the Ozarks . N

’
x
K .y~
o 4 —

- The actual movement of the truck varied a.bit from'the above schedule due
to ma]functlon of the mass Spectrometer. (See below. )

(3 N . °

Financial Considerations - , ‘

' . / > :
At the beginning of this year a fee of $200 per, School was assessed.

About'thls ‘time¢ two schools withdrew from/the roject. Kansas Wesleyan

Undversity. stated. that they were w1thdraw1ng due to an adverse financial

thus dup]lcates, severa] instruments like.

‘situation caused by declining enrolimént. /y20wever this school;already owns, and

oge on-the truck anqbobv1ous1y has

25




-

Y

decided that they do nat necessarily need the other 1nstruments Arkansas
. College obtained-.a N.S.F. grant to purchasp all but-oene of the 1nstruments which
they did not own and which are/found on the truck. .
The fee will be ra1sed to at least $500 pet school next year. A]ready ey
-Harding Gollege which also, purchased several new_instruments- recently has 1nd1-/////
~ cated that they will no 1ongen\be part of the pro&egt Two other schools have
-recently purchased nmr spectrophotometers. They will probably drop out of the
Jproject. A dec1510n as to whether these schools should be .replaced by other
schools, will be made in the n/;r future. . .,
Probably the project r1g1na1]y contained too -many schoo]s. If the number
can be maintained at 8 or g, each school could use the truck for about one
. month. Many advantages agcrue by ificreasing the resident time of the moblle
"1aboratory in this way. ,

1 - N *

D1fficu1ties During This tear ) ) :
. From the beginning the mass spect;gzeter gave problems. TFhe initial

problem seemed to lie with the operators-fiot knowing how to use the instrument

" properly. Whenothe truck wolild be returned to TR¥s campus an experienced opera-

tor could reset the controls\(often these controls_were hopelessly misaligned) »

and get satisfactory spectra.\ We hope to solve this problem by further

opérating 1nstruct1ons, as applicable. Later th_\me&sespectrometer did not

function at al Later the mass spectrometer did net function at all. This was

found to be to a problem with maintaining a high enough vacuum. This will

be corrected by changing valves and gaskets when the prob]em is noted. Although

these problems are worrisome, they are not deemed- insurmountable. Surely the .

mass spectrometer will ne functioning next year. //,-

During the Spring Semesfer one other qnusual/prob]em delayed the truck
somewhaty An electrician defied his 1nstruct|ons and hooked ‘the power cable of
the ]aboratory to a 220 V source instead of the/needeﬁfllo V. A small fires
ruined the air conditioner-heater. Our insurance policy tovered the bu]k of the
expense. Surely this problem will not occu//igaln' '

Future Work . : //
. Excitement continues pere for the,use of the mob1]e/1aboratory to‘provideh
training that cannot’ be had herwise.” Plans are being,Taid to possibly utilize -
. ths van to reach even to high schoolﬁ/es an a1d _in science;instruction at this

Jdevel, '

Use of Funds: Year Four (June 1,/1975 * May 30, 1976)

-]

! L.
In accord with the budge subm1tted and approved earlier, funds_were used
in the following way: . e ~

I. Maintenance, Insurant ) - ‘
_ A, Instruments - - ¥ § 4,646.06 ° [
" B. Truck N - 9,335.76
C. ' Insurance 1,065.53
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- . . 2
I1. Salaries - ¢ \
’ A. Director ' : B $ 6,111.00
B. Graduate Assistant 3,700.00
C. Secretary LN 0.00
, D. Fringe ’ et S o 988.83
. “E. Indirect . . ‘ B 1,027.73
s ' :
oo 1ML Travel ' / : . $ 329.48
h © IV. New Instriments $  490.00
v - . . « .
. Total Spent - Year Four § 27,686.39
Amount Returned to'NSF §  141.05
- . S Balance on hand $ 0.00
-7 , YEAR ONE ~ $ 108,071,10
. - . YEAR TWO " 35,801.75
- ~ YEAR THREE 21,299.71
- N - YEAR FOUR - _ 27,686.39 ;e
o ..+ TOTAL '_$ 192,858.95 \
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Make $1 Do the Job of $2... or $3.., or\$4 in Purchasing Needed Large
* Instruments: Cooperat1on via a Mob11e Spectroscopy Laboratory .as
o . a Way of Life for Large and Small Schoo]s

.
-

;Txgp. Roberts ..,

: ¥ .
- ) University of Arkansas, Fayetteville, Arkansas 72701
Y B ,\J.' . * * R o
' oo ABSTRACT ’ * .

~

R . As a means by which'smaT1en,co11eges acting on a cooperative basis

with a larger school can obtain acce!s to more expensive instruments a

step van truck was converted into a mobile 1aboratory and equ1pped wnth
— e

g.
- atomic absorpt1on, and mass spectrometers and a f1ame 1on1zat1on gas- 4

1jqu1d chromatograph. This laboratory now c1rcu1ates on a yearly pre-

" arranged schedule among thirteen participating co11eges\£iopping for one

or two week periods so that their students can use these instruments to

do Tocally determined experiments under supervision of their regular
N . - P re . - :
on campus instructors as part of their on-gokpg chemistry curriculum.

Pre-arrival lectures prepare the students for this period of intense data

v

g%thering. Much data analysis can take place after the 1aboiatory moves

to another campus, .

K]

>

A sommer workshop was utilized to acquaint the participaﬁt on campus
- coordinators with each instrument, to test possiblelexperinents,'ano to
1earn basic maintenance and trouH1e shooting techniqhes An evaluation
conference is held each year w1th an 1ndependent panel of experts from
non-part1c1pat1ng institutions in order to correct deficiencies.and to

X optimize ut111zat1on of the Fac111ty To date coordinators at partici-

pant schools agree ‘that spectroscopy and chromatography can be taught

. 60 MHz proton magnetic resonance, ultraviolet- v1s1b1e, grating. 1nfrareq, ’

Y

early or 1ate in the curriculum w1thout ser1ous consequences to the ‘stu- '

. dent. A .cost analysis for a Targe and sma11 prOJect similar to th1s

’ ' Y

e B

¢

e
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Do project is fnc]udgd.

It thus appeartlthat schools can add use of-spectroscopic instruments

‘--___3Q9 gas—]%quid chromatography at about one-four;h'tﬁe usual cost spread

overa ten to fifteen year period by cooperating in this way.

)

* Based on,b¥éviou§ oﬁal-ggpers:- Poster session paper 22, "Fourth Biennial

. Conference on Chemical Education”,-Madison, Wisconsin, August, 1976; Abstract

1, ]72na:Nationa] Meeting, American Chemical Spciety,'ChemiEal Education

Division, San Francisco, Cas, Augist, 1977.
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D e s r
Make $1 Do the Job of $2... or $3... or $4 in Purchasing Needed Large ~ -

Instruments: Cooperation via a Mob11e Spectroscopy Laboratory as
a Way of Life for Large and Small Schools

>

- B T. D. Roberts > . e

University of Arkansas, Fayetteville, Arkansas 72701 | .
“+ 9. )

THE PROBLEM That May Also be Your Problem

P ]

Many Departments of Chem1stry stand esse\:ial]y'alone. Their teaching.
dut1es are carr1ed out without significant interaction with neighboring~:
Departments of Chemistry. Yet often within one day S dr1v1ng t1me] several
other departments. w111 be funct1on1ng in much the same way. ‘This paper will
stress‘one of no, doubt many ways near departments can cooperate for their
mutual benefit. '

Consider undergraduate laboratory instruction. In the past fifteen

yearsemajor changes have occurred. Incorporation of experiments which in-

golve instrumentation has increased to the point where graduates of many

{

schools are expected to be proficient in obta%ning and interpreting atomic

. absorption, infrared, ultraviolet-visible, nuclear magnetic resonance, and
. . . 3

“mass’spectra and various kinds of chromatograms. Evidence for this trend
can be seen in'popular textbooks wh1ch incorporate chapters on spectroscopy

and chromatography and new 1aboratory manua]s Which stress repeated use of

1
"
e

these techn1ques
< . o

*

Unfortunate]y “these 1nstruments are cost]y A f]ame-ionization gas-liquid

chromatograph and the five spectrometers 1isted above av%rage over $50 000

at today's pr1ces, and inflation cont1nua11y increases th1s figure. Although
<some schools w1th‘better f1nancta1 resources and/or a graduate program‘ogfen
have already purchESEd part or all of these'instruments and others have made

a modest,beginning by purchasing a few of'the less expensive instruments,

_‘nany smaller colleges and un1vers1t1es are without suff1c1ent funds to’

purchase all of these instruments. These Jatter schools Jow find themse]ves

- .30

-




2

withiN\Qutdated or incomplete laboratory prograss.

Th prob]em of outr1ght purchase of these needed instruments is three-
fold. First, the high price of one instrument may be more than doub]e or
o

triple the ent1re annual budget of small qepartments. Often 5uff1c1ent,

matching funds'are unava11ab1e o) that these schools cannot take advantage
of National Science Foundation programs to prov1de th_g! instruments at .
reduced cost. Second, even'when funds become ava11ab1e the number of stu--
dents using a part1cu1ar 1nstrument an%;the fract1on of the year 1t 1s used

makes it doubly difficult for a Chem1stry Department to justify the cost to

- an administrator. - For example, an ]nstrument may be utilized once each

semes ter. Expenditure of ten or twenty thousand dollars is a sufficientlys

»

significant fraction of the tota] budget of a small schoo? to cause re1uc- )

>

tance to invest such a sum to teach, say, two sen1ors for 2 to 4 weeks.
d *
Third, these schools usua11¥_1ack manpower w1th the t1me and e1ectron1c

expert1se to properly service these instruments. ‘Consequently, instrument
failure results in long time per{ods in which the instrument eannotnpe :

.utilized whi]eﬂfunds\for repair are secured, and then these funds are used |
3 . . . . ©

to pay expensive repairmen from the factory. Clearly these needed, but

¥

~

costly instrument% present pressingvprob1en5 to many. +

SOLUTIONS That You- May Have Tr1ed

-
Schoo]s without these 1nstr0ments have 1arge1y adopted an approach to

teaching these techniques which consists of lectures accompanied by pictures
. ' .

and diagrams %n,the methods,Afoi1OWed by assdignment of-spectra problems as

“

homework. ' Staff members of larger schools often travel to the smaller
. '~ ’ . » h .' .' . \
schools and augment such lectures with seminars on the techniques. Occasion-
- - ! .- S '
ally instructors will bring some seniors to the lgrger schools for a demon-

/ ‘. : - : . .
stration of the use of the-actual instrument. If d senior research -project

-
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‘ from\an oh1iging neighboring larger Schoo]CWith the instruments.or by commercial

1aborator1es offer1ng this service. _None of these dev1ces approach in any

->\'\

way the va1uab1e 1earn1ng exper1ence to be. had in actua1 "hands on" use by

: the student of the 1nstruments
¢ ' ' ow
Recent1y severa1 nearby schools brought the1r sen1ors to this 1aboratar9

to, use our 1nstruments -to do a set of standard exper1ments dur1ng a Fr1day z

<L afternoon-n1ght, Saturday morning sess1on‘when our students were not ut11111ng

the instruments'heaui1y S1nce the1r st dents had attended pre arr1va] lectures’,

. \ < \\0

) - data gathering was qu1ck1y begun Careful deta11ed analysis of the data amd T
e : :

‘ . -summary lectures were reserved until lgter. Th1s ent1re exper1ence\\eemed

to indicate that pre- 1ectur1ng, then relatively short: 1ntense data gatherirg
‘ per1ods, followed by 1ater’deta11ed analysis can be; yery usefu1 in teaching-

. § v

these 1nstrumenta1 techanues “In fact if the 1nstruments are brought to e

students (rather than the neverse), a way was env1saged to purchase one set .

-

of instruments and service a number of near schools.’

»

THE PROPOSED SOLUTION That You May- Want to Try

—~ma mmm~~ - Nt

3

L A cooperat1ve mob11e spectroscopy laboratory (Figure 1) cirsculating
. . ’ Y
. among th1rteen nearby schools was’ proposed as a way to provide direct access —

- -

to' these 1nstrumen€s by the students. In thiswway a step-van truck was to

o

be uti11zed as the 1aboratory arfd wouﬁd contain 60 MHz nuclear magnetic K

resonance, grating infrared, u1trav1o1et visible, atom1c absorpt1on, and =

mass spectrometers and & flame 1on1zat1on gas-liquid chromatograpfi. The

°

mob11é'1aboratory would stop one to two weeks at a_school ‘where the studenis

wou]d ut11izecthe 1ns¢ruments to do locally determined experiments as part f :;//

., N " /’
of the)r Iaboratorx gxpérience under the supervision of their regular on . J/

V4
Y

N campus instructors. This paper describes implementation of this plan. //”

2 )




. ' Th1s Exper1ment L ' .

Ant1c1pated prob]ems were d1v1ded into two groups: (1) Problems on ' o L

¢

&ampus 1nvo1v1ng utilization of the trucg and its instruments, and- (2) Genera]

problems concern1ng the operation and maintain of the 1abora%ory as a whole. S

A

For example spectroscopy and chromatography are subJects taught at set times

in particular courses on each campus. The: mob11e 1aboratory can ‘be phys1ca11y

present at only one or two-timeS per ygar. Thus, a]terat1on of the curr\cu1um .

. is offen necessary if efficient utiYization of the mobile-laboratory. is to

1Y Vs

occur. Happily the schools invp ved in this project agree that spectroscopy '

and chromatography can be t3 ght at almost any time in a given course, say

o

) L ‘organic chem1stry, withotit serious prob]ems. (0bv1ous1y, there 1s an 1dea1

s time for teaching any subject. However; this proiect does not claim to pro- -
\ . . Y .
: vide the ideal s uatton only one in which the ‘gains great]y outwe1gh the

»

losses.) Thws lecturing on a given techn1que before the truck arr1Ves fo]]owed

. ya ®
by a relafively short period of intense data gather1ng when the mobile 1apora7
/ . . .
tory 'shpresent and,then data analysis after the laboratory has been moved

L0 another campus was forseen as the new teaching experiment. After one’

V4 [N
/// and one- -half years of test1ngAthere is unan1mous agreement that this techni-
7 . . 1
J que works: o, ' L e T
'/// - The on campus coord1nator for each schoo1 had to develop methods.of - -

utilization of the laboratory on ‘the home campus wh1ch max1m1zed students/

1nstrument/t1me per1od Unfortunate]y, a department made up of on]y one person

may not be able to use all six of the 1nstruments.of the laboratory dur1ng a

x one week visit, Further, some of ‘the schools own ohe or more instruments of
the same type as those found on “the truck and thus would not need to -use one

of the truck instruments. This situat1on was hand1ed by- packag1ng as many of

i ' , the instruments as possible (four of six)™in a way that allows them to be moved‘

3 3 . ~
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and operated independently of the truck. Thus the infrared:‘u1travio1et-
i \\s. ’ - N '

E .. . . - . ;
“Visible, and atomic absorpt1dn spectrometers, and the .gas-liquid chromato-

‘T\‘\ . o

graph were placed in removable drawe}s with hand1es-(Figure 2) and can be

routiRE*y»p1§é§d in a regular lTaboratory for use. In this way any instrument

J—

f v - . .
. Which will not be used during the visit of the truck-]aboratory on a particular

\

campus erther due to‘t1me 11m1tat1ons or ‘because 2 dup11cate 1nstrument

™ [

. ‘exists, can, be taken tok\nother nearby sthool for use there. Th1s practice

~

which3a11ows fou ydnstruments to be c1rcu1ated 1ndependent1y of the truck

a]]ows thé 1nstruments to he used a h1gher percentage of the time. A given

W . o~
EN

scho] does not have to ut111ze each of the s1x 1nstruments dur1ng one weék

N

. or then 1ose ald oppOrtun1ty to use them. ) » . <
A m1nor p§1nt of concern ima progect of th1s “kind has to do w1th\the

nature of thé coope(at1on in o]ved. Occas1ona11y a larger school w111 teach

~ -

chemisfry top1cs 1n a d1fferen order or even in different courses. Danger '

ex1sts in, a proJect of thlS Kind that the 1arger schoot will dominate the

Ye . a

sma%1eroschoo1s and force unwanted changes This is not the case in this

Qrogect A guiding pr1n§i£je from the beginning has been that each schgg#
. } hY '
is comp]ete]y freeﬂto use or not use- any 1nstrument and to emp]oy exper1ments

at‘any level of»so%?istication chesen—inany class desired. In short, the

Targer school provides a 1a5oratony as a service wthe the smaller schools

- are completely free to ghart their own program and to pick and choose which
A

.instruments and exper1ments w111 be used.

K

Whether 1nstruments are. stataonary or mob11e concern always exxsts as

to how to keep the 1nstruments operat1ng mgln fact 1nstruments mounted in
s e }
r

»

or carr]ed by a- truck m1ght requ1re much e attention. Th1s prob]em was

attacked in several ways. F1rst, efforts were expanded to incrcase the tech-

‘ o

n1ca1 competance of the on campus coord1nators concern1ng the actudl instru-

~

S i ~

[}
U N

. \
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o ments to be used with the truck. A brief survey of local instrumental probTeas
v

/ has shown that-70-80% of these are essentially trivial: the Student user has
insufficient expertise, a switch or button has been improperly used, a fuse has

. failed, the sampJe is misaligned.” To amend these faults and others, a six
‘ . . ~
weeks workshop. for the on ‘campus coordinators was conducted in the summer

prior to preparation of the laboratory. Not only was proper use and routine
. ‘ “. -~ ' )
.. maintenance taught, but basic troubleshooting as well. After,_the covers’
. S ~

of:therin;truments were removed, key.voltage measurements weijmade‘and ' .
used foﬁsmow‘how the‘soorce of malfunctions can be triced and Tocalized.
-y : : . -

In this way the on campus coordinators possess a muchﬂbroaoer know]edge of
these instrumentsigno how they fondtion than is usua]]y,founq in staff

" of Chem1stry Departments This knowledge often inables these coordinators

]
to. qulck]y repair a broken 1nstrument. Thishpre1iminarx>training given to

the coord1nators of the. part1c1pat1ng schoo]s is probably a maJor factor

in the success of th1s cooperat1ve exp4r1ment to date. C.

; Second, two kinds of backup personne] are ava11ab4e to correct 1nstrument

problems ~ The Un1vers1ty of Arkansas Department of Chesztry e]ectronﬂcs ex-

“

pert is available at any t1me for te1ephone consu1tat1on by” staff members of .
the participant schools. If sych does not solve the prob]em, a graduate asslst—

~ ~ A
ant is available to travel to the 'site and repair the broken instrument. Lf
e /.

both of .these methods fai1.'facqory personnel can be brought in"as a tast

resort. . : .

» . - . 1 . hd

. " The physical construction of the 1aboratory was viewed as, a\Qriticai
: ' | . ‘
problem. For example previouslexperience has shown that a 60 MHz nuclear ;

3 . . . .
magnetic resonance spectromete must bewmaintained at a relative]y constant
i

- . temperature. No school wil} wish to spend several of 1ts five ava11ab1e
. schoo] days waiting for a nmr to‘equs11brate‘ To so]ve this prob1em the,

B na Y

truck wqs equ1pped W1th an alr cond1t1oner heater and was heav11y 1nsu1ated




on a11 s1des, top, and pottod°w1th four inches af foEm . A gasoline motor

N o

‘ driven generator with 110 volt- 40 amp 0utput prov1des power to the air con-

’ .r‘,é« . R
ditioner-heater "during travel. An extension cord from COmmer;}al mains

X

. o3 T £

supplies the truck when it is parked. N?%houq}these precaut1ons the nmr .

- ot * >~ LS

o . N \ . - -

would often be unusable due to Tocal temperature fluctuations that would . e

. A3 ; N
cause significant variation of the magnetic.field. Since the decoupler 3 . %

on the nmr has been functioning in Kansas during the.qﬁntgr and in Arkansés
in the sommer, temperature c§htro[ is deemed sattsfac%ory. Due to the heéyy
weight of the magnet and this necessary tehperature,oohtro}‘the nmr is peg-
"-manently mounted in the mobile_laboratory. (Figure 3) ’ - g .
Prepious experience with mass spectrometers suggests that such a vacgum

system is best maintained constantly. Since the mobile laboratory is a1ways

supplied with 110 volt power, either from commercial mains or from its own

v

generator; the vacuum pohp runs continpally. For this reason the mass spec- -

trometer is the otheruinstrument that is permanently insta11ed in the’hobi1e
}\ N M , ' .\
vlabonatory (F1§ure 4) gnd is not transported into the regular laboratories W

for use there T~
‘ SR iﬁo other problems surfaced -during construction of the laboratory. First

the npr magnet was 50 heavy tha thought was given as to what would happen to

the magnet (and the driver!) sho 1d the truck strike a solid object when travel-
. '3

11ng at 554%.p.h. ;The magnet was thén chained to the floor SO, as to‘deter a

';flying magnet should some accident. occur,* Second, when the nmr was instal]ed f |
\
‘ an approx1mate1y two cycle per second sine wave was noted on the recorder
. \ .
Ult1mate1y, this sine wavewas—traced to gentle, long term rocking of the

truqﬁ,on its springs and disappeared when the truck chassis was jacked up and

. .
.~ t

placed solidly on jack stands. ~ — "

”

" Five times during the' first sémester of truck use the, filament in the

mass spectrometer failed., Probably these failures were due to large, repeated

-5

1; Q « injections of heavily ha]ogenated hydrocarbons such as Caﬁg?" tetrachTorLde or
g’:EMC v . . ) 7 * .o. <2
el ' L - 38, . ‘

- . o -
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+

chloroform in order to illustrate isotope abundance ratios, or to inadvertent

- misuse by first time users. (At first vibration due to travel was suspected .
P : "
¢ _to be the cause of filament failure. Wowever two long trips totaling over

,four thousand miles did not ruin a filament. ‘Travel vibration has thus °
been dismissed as ‘a cause of filament failure.): S1nce a“filament is expen— [
- sive’and often is obtained s]ow]y from the supp11er, some alterpative solu-

- btfon,was desired. The requ1red wire for the f11ament could be read11y

purchased2 and w1th a 11tt1e practice arc- we]ded in the place of the o]d

-

broken f11ament In additiongto providing a re]at1ve]y rapid method of re-
f - v

pa1r1ng a‘broken filament, this procedure dropped the cozt of filament re-

! :' p]acement from’oJEr_$60 to less than $1, a satisfactory price"even if one/_
o filament fails each week., ' ‘ - o ‘: '~ -
© o, 1 N
§Q§I 5N§EX§I§ -Slanted Toward Those Who Fay want to. Try Th1s Experiment <
i . o © Many, may fee] that this experiment cou]d be repeated e1ﬁewhere with
\ great advantage, if f1nanc1a} aspects cou]d be arranged,: Theiefore th1s
,! section of -this paper'w111 be devoted to ana}ys1s of poss1b1e costs and
| - \~ - poSS1bleasources of*support QHowever, the reader is caut1oned that this
" ", analysis is based on approximate'figures3 and will mary'with 1ocajity'and.,
’ “ spec1f1c des1gns of proJects Further, tnf]ation’sh0u1d be keptlin mind
| A Shoestrlng Budget The rn1t1a1 aSSumpt1ons for the first budget are:
. :“’ ' (1) Only two 1nstruments w111 be purchased (a 60 MHz nmr4 -and a sma]] mass
"ii" - spegtrometer (2) Every effort w111 be made to cut costs. 5 (3) Ien schoolsl
a §k > are Cooperatlng in th1s venture.? _ . L L = .,
. bRECTCOSTS - -
;'.(' T Spectgometersz//’;,/’f*“:‘ e ~ 22,000 . ) K
. R Track L . o . _1o,boo - . .
B ;o giitial* funds fo build tne laboratory’ 32,000 - R -
L © YEARLY'UPKEEP FOR THE ENTIRE PROJECT . . N
&:Eﬁc . . 'Tr‘u‘dé : | | . . Q B 41 .- - .)'l 50 N .. .

. . B, BRI XL L oy



Instrumenta . . . .
. Iosurance’ ‘ : . 500

‘

Amount set aside to replace the truck and
¥ 4

' instruments every ten years .. 3200
Total ‘costs/year N © 4000
COST FOR ONC SCHOOL OF TEN/YEAR™
One* Share of Initial Costs. . " 3200
One Share of Yearly Upkeep Costs 400
TOTAL COSTS TO 'ONE SCHOOL FOR TEN' YEARS
© | Initial Cos} e T T L 300 )
Upkeep for.ten years < ° ’ 4000
‘ - _ _ . T 7200

Thus - for about one-third the purchase price of the two needed instruments

for jtself access to these 1nstruments for ten year
i
then haye new state -of-the-art instrume

a sch001 <an provide, s and

ntt for the next. ten years at no extra

(Further once the 1n1t1a1 costs are met, yearly costs are only $400.

OSt§=r

If funds are not set aside year after year to rep]ace worn-out 1nstruments a

' tnme will come when they ‘become use]ess )

A Largér Budget «’If the present proaect\1s dup11cated the costs are -

A *

hlgher,l1 o : . S w : '
, . . \\ . . »

ZDIRECT tosrs NS . ‘
i %

Spectrometers . ‘ 40,000 e / .
;Le' Pants, other -equipmeni - T : 3,000 © .- .
h Trugk 3 13,000 . -
In1t1a1 fund to bUI]d 1aboratory 56,000

‘YEARLY UPKEEP FOR THE ENTIRE PROJECT . o _

L Truck ., 7 Lo - . 200
© 7 Ins tguments ! L 150
* Insurance 7 = . X ; 71092
Repair Trips’ < - -100

. _Amount;Set As1dezt0'§§p]ace truck every‘-, ’ . _

twelveiyears .- - __ 4667 R

: Totz Costs/Year v T N 6209 , N
COST 593 ONE SCHOOL-OF THIRTEEN/YEAR .

One Share of Initial Costs @ . 4308
478

” - One Shgye .of Yearly Upkeep ‘ ' : L
A & . & \\~.
B B} “v o, ..'4 _",%' B R :." N i" T . } N ) e'




‘x
|

» ° - ' L ‘ . A
' TOTAL COSTS T0 ONE SCHOOL FOR TWELVE YEARS B

Inftial Cost ’ ' 4308 e '
Upkeep for Twelve Years . 5736 . i i
. - 70,084 S

rs - - - ~

~. ) )

Thus for about one-fourth the purchase(grice of the six instruments,
a school can provide for its students access to these instruments, The . °
same bonus features as above apply to this budgeté After_twelve years

s'tate-of-the-art instruhents»are had as replacements for the worn-out

[

’ >
-tnstruments. Repairs are included in the costs. ' ‘<

L4
-

Sources of funds for proaects such as this one are not many For
&

~

example the National Science Foundat1on is comm1tted to new experiments

3

Thus ‘NSF is un11ke1y 1o approve funding for'a similar prOJect un1ess there b

v @

_gg;51gn1f1cant new aspects S1nce in this project $1 funct1ons for $3 or

$4 spent in the usual way, pr1vate foundations .might be favorab]y impressed ., -

, and prov1de funding. Loda] state educat1ona1 sources might a1so be #nter-

.

_ested, at Teast in helping a group get started, especia]]y since funding

-
L4

v ool

EVALUATION: I§ Th1s Experiment a Success7 : : "

¥

.

Yo dau

for, 6ne\%ime only would be invo1Ved Finally a particular school might se1] o

an ex1st1ng 1nstrument or donate an ex1st1ng instrument as part of the initial

1nvestment. . . - ~

-

~..~~-~,-.~-

Only one and one- ha]f years of use OT the truck- ]aboratary is not
enough t1me to rea11y ascerta1n whether or not th1s project is a success.
HoweCer at th1s po1nt a’ pos1t1ve att1tude exists basgd on the following
analys1s. E v . : . s

;' Va]ue Added By being a part of th1s prOJect the,g{udents of a gfved

schoo] can now do severa1 exper1ments on 1nstruments whtch could not be done
otherwise. In_th1s way the prdgrams of these schoo]s-have been enriched.

@ - =
Vs

+ - . ' . K , .
Cost-effectiveness: As'the project now stands ‘the least expensive method

,%-——(' /

* of providing access to ‘these instruments. is. via this mobile spectroscopy | .

*

L) ' ( ' ~ i
Yoo . S .:}23 . W e v e .

o
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.!: L 1aboratory arrangement In fact, as is shown above in the Cost Analysis -
sect1on, even 1f-every dollar had to be prov1ded apart from grant support

- the truck—1aboratory would st111 be the best buy and thus provide more
s e '~ :, '-
N instruments per dollar spenti” -- ' . )

. ‘ . Marketplace Adaptability: There are more than 3%; small schools in”

the United States alone that could conceivabfy penefit from similar projects. '
. . L ) ‘ R
Evén if a school now #as most of the needed expensive instruments, the passage
- \ .

y of time will make these obsolete and new or updated versions will be desired.

This technique'of cooperating together is still the most cost-effective,

-~

. w1de1y adaptab]e methoa of prov1d1ng such instrumentation.

¢
Att1tude~Changes Chemists are no different from others in try1ng

to eva]uate 1ntang1b1es, such’as attitude change . The combined opinion
[}
) of all concerned with this project is that att1t des have changed .Some;

of the 1one11ness of sem1-l§o1at1on is gone Some of the fee11ng that
!
"Others have better equ1pment " 1s gone. Some of the fee11ng that "We:
~ . /

MR are a tbit behind,” is dissipating. Students ar "surely exc1ted, but .

this is .to be expected when new instruments a d new capabi1itjes are

presented. One schobl has re-installed a bachelor degree program in
/

i chémistry partly as a result of this truck project. From all that can be

ohéerved,'attitudeé havé changed in a positive way. >o-
The final test of this;project will come during‘the nert year’ Ir
" . when fhe part1c1pant;.beg1n to fund the prOJect from their own budgets.
If the truck- laboratory is really va]uab1e these schools w111 continye

to be a part of the praject. If not, the project will die from 1ack of ,

[ 4

financia1 support, as it should.

WORKING TOGI-.THER An aspect of this project that® should rot die.

ML mma iy s

- One of. the less emphasized or even expected aspects of this prOJect

rout e sy or
G SN <.
.

S

- BAFR :;:‘g"%‘t
uw

has to do with cooperation., Often there ex1sts re]uctance to 1nteract e

RIC . ..




c1ose1y‘hith neighboring cheﬁiétry departhents. As. a part of this pro~
ject ebordih?tors from 13 schools “in 2 states have been forceﬂ to work
c1;se1y with eaeh other, to compramise and propose, to give ahd to take, T
and often to Tearn that others have similar problems or know of un1que

‘ 4 so1ut1ons to similar problems. It has been unan1mous]y agreed that great -
6%Ee}its and lasting friendships have occurred from'such cooperation.

- ) As has heen emphasized above a. key to the success of this venthre

has been the attitude prevaillng from the beginning that this prOJect

+is not one of coerc1on but cooperat1on Although the coord1nat1ng schoo]

is 1arger than any of, the other schools#®no effort has been put forth

to cause any school to alter 1ts prograh or presentat1on except along

-

voluntary lines.’ Rather the 1arger schoo1 rémains intent on providing

e

. a service which is apaptab]é’enough to benefit each smaller school. In

)

this way a smaller school as it charts its own destiny can pick and
choose which part of the service, if any, is. incorporatéd into its own

self-determined program. B :
. ‘ ¢
. . Finally, a comment should be made about the role of larger schools

' in future ekperimeqts'of this kind. A]@?ﬂ%gh several sma]]vschoo1s can

Ll

. .. combine together and successfuT]y manage a projggt of thiS'k%nd~#a 1arger

school will have many respurces which cqn'&e pnov1ded at a1most na cost

™Y

or inconvenience that will make the project muc:)eas1er to carry Qut

In this way a cdmblne of one 1arger school and a group of ne1ghbor1ng ,

-

sma]]er schools will invariably prov1de work1ng relationships that are
~ hlgh1y valuable and harder to bu11dagtherw¢se9
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T SQYB a Notes R
“ 'F . 'g ' ’ . o Rl
1. Although schools at the extremes are 800 miles apart, a number of. - }
, - schools in this. project are less ‘than 50 m11es apart. fiﬂf , . :
{. 2. A.D. Mackey inc., 198 Broadway, Neﬁ York, N.Y., 10038. ¢ .
3. Estlmates are from actua] costs 1n this DFOJBCtn plus a sma]] amount for ‘/-
T 1nf1at1on. - -

. . -
113 \ a

4‘“‘Th1rty“MHz instruments are ava11ab1e bub'are deemed not as usgful “in
) . ( . .
teaching. B o
T . . "~

5. For example this budget does not contain funds for payment of factory per-
sonne1 to repair 1nstruments The assumptlon is made that a nearby 1arger
schoo] will donate a few days per year of time by personne1 from their elec-

tronics shop. . B

. ¢ %
N &

6. Ten 'is a completely arbi¥rary choice, but may in fact represent the number
. ‘ . H \ &
of schools that canm conveniently use the facility. /
, , % i {) . PO
™. -7. .This amount can vary widely as a function of the number of extra attachments

purchased. . . oo . . ' . o

- 8. This/figure does not include a generator to provide power during travel.

-~

This practlce ‘would. requ1re that Uhree days be provided for the nmr to come

o

to equ111br1um For a proJect w1th fewer schools and larger t1me perlods

)

at each stopping point, such may not be a prob]em ’ R : °

F

9. Note that sa]arles of chemIStry personne] 1nvo1ved with the project are not

Lo 1nc1uded Thus the t1me 1nvo1ved must be donated or covered in some other'way.
é, 10. This amount will sure]y vary w{jh’the 1oca11ty 7;0 ’ _ . e
i _ 11.. These amounts are from this project’ §obudget. .

2’,‘“:' ) - ) / “‘y ' : A /\




Sfep Van truck.

Figure 2: The atomic abs btion spectrometer and three other spectrometers

are transporited in padded dra@ers with hang}es cut into the ends. After
e
the spectrometers are moved into the regular laboratory, students can use

them_withoqt/bein? crowded. ’

Figure,3?’ The nuclear magnetic resonance spectrometer has a heavy magnet

-

and requires a constant temperature. For these reasons it is permanently

mounted in the ‘truck, and used there. . / .
. :

Figure 4: The mass spectrometer requires a high\wvacuum which is maintained -
& L 3 N -

' constantiy. For this reason it is permanently mounted in the truck and

used there. : ’

3

A]]-picfures'for the figuret were taken by Ren Miller.




. . ) . ’

‘ v - . Desqniption of Extra Pittures ‘ Cos
1, The atomic absorptiz:*:BEetgometer is usually set up in a hood for .
-use by students in the regular laboratory’ of the participating schooi
: 2., A group picture of the prOJect director and the on campus coordinators
. é. The nmr is tuned by the students by uSing an oscilloscope. which is

permanentiy mounged in the truck. " ’ ,

. 4-6. ‘A Picture of the mobiie{]aboratory which shows the names of the

participating calleges and universities, . - \§\
, 7. Students vary parameters and observe the effects on the nmr spectra
> - :
) —t

L4 -

as part of their 1earning process.

8. Cooperation brings many benefits. One of the benefits is a mutual

exchange of ‘ideas. Here W. Johnson (Tabor Co]]ege) makes a pqint to
..Y.CZtChang (Kansas Wesleyan University) T. Lehman (BethéﬁkCoiiege),

By - .
R. Zerger (McPherson Coi]ege) and J. Ho]]iday (John -Brown University).

9. The mobile 1aboratory 15 usually situated in a parking lot just
\ qutside the Chemistry BuiIdTng at a particuiar schooi An extension
cord brings commercial electricai power to the truck
10-14. Each year an 1ndependenttpane1 rev1ews progress and offers con-
structive critism. Pane] members are: g Professors K. Takgpura
(Creighton University) and W.J. Lippincott (University of Arizona)

and Dean.Calvin Vanderwerf (University of Florida).

(O ) to
" “Pictures T,3,7 9 were taken by Ron Miller. . )
Pictures. 2,4-6,8,1

0-14 were. taken by James Wisman. . T w

~
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KINDS OF CHEMISTRY THAT ARE POSSIBLE IN A MOBILE SPECTROSCOPY LABORATORY

.
L)

R. M. Bustin, Y. C. Chiang, S. M. Coﬁdren, W. W. tverett, W: E. Godwin,
J. R. Holliday, W: J. Johnsbn, T. A. Lehman, V. P. Kirk, M. L. Mitchell,

L. Neufeld, D. D. Powers, W. M. Willingham, E. W. Wilson, R. P. Zerger,

*

and T. D. Roberts* N

—

.

University of Arkansas, Fayetfeville, Arkansas 72701

\ . o —

and

Participating Schoq1s] -

<
v AN

*

1. Participating Schools (with on campus coordinator initials in brackets)

“are: ‘Arkansas Cellege (R. M. B.and-V. P. K.), Batesville, AR; Bethany

College (M. L. M.), Lindsborg, KS, Bethel College (T. A. L.), N. Newton,
KS, College of the Ozarks (S. M. C.), Clarksville,” AR; Harding College

(E. W. W.), Searcy; AR; John Brown University (J..R. H.), Siloam Springs,
AR; Kansas Wesleyan University, (Y. C. C.), Salina, KS; McPherson College

" (R.'P. Z.), McPherson, KS; Ouachita Baptist University (W. W. E.),
‘Arkadelphia, AR; Sterling College (D. D. P.), Sterling, KS; Tabor College

({. J. J. and L. N.), Hillsboro, KS; University of Arkansas at Monticello

Pine Bluff, AR,

Vs
1l 4 AN

. K : -
Author to whom inquiries may be made at the University of Arkansas, /
Fayetteville. '

-

. /

. . e . 4 ., . ¢ .
Abstract 73, 173rd National Meeting, American Chemical Society, Chemécal
Education Division, New Orle?ns, La., March, 1977.

-
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(W. E. G.), Monticello, AR; University of Arkansas at Pine®1uff (W. M. W.),




'Previous1y2 a, mob11e spectroscopy laboratory has been described as

a means by which sma11er schools may cooperate sJ as to prov1de for their

I

students-al1aboratory experience with more expensive spectroscopic and

chromatographic'instruments:' In order to stimulate others to try this
cooperative venture the types of chemistry experiments which are’‘possible

and which have been actually used will be described in this paper.

*

The first point %0 be stressed Es that exotic and/or odd experiments

. W . . . . *
are not necessary for use in the trui‘faborat‘ory. The usual experiments

A B
* v

are easily.done. For example the major use of these idstruments has been

to so1ve 'unknowns'u at all levels of dnstruction. Such work requires the

student to learn to operate the 1nstrument correctly,.obtain the data,

(s, \ ‘and: then interpret the data--the usua]'use of 1nstruments by chemists.
5

<f&\ This pract1ce is espec1a11y apparant in second semester sophomore organic

courses where the student uses. ir, nmr, and mass spectroscopy to-deduce the

structure of s1mp1e "unknowns Demonstrat1ons of the use of these instru-
)é . .

me eésare often provided for non-sc1ence majors and visiting high school stu-

dents.. The usua] deta11ed 1nstruct1ons on how td\q\f the 1nstruments are re-

- A

« seérved for science maJors. (These are the students which will-use the in-
struments in semesters to come and often are very helpful in ge{t1ng up the
laboratory when 1t arr1ves. 0ften these same students can be utilized to
give demonstrat10ns and teach new students how to use the 1nstruments )i

. Freshman students in genera1 chemistry can gas¢ly bg taught to
AN
use the atomic absorpt1on spectrometer. Analysis of tap water from

N

. various sources 111ustrates wide variation in concentrations of heavy meta]s

y -
+

2.. Previous paper, This Journal.
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-«\\\ “such as lead, zinc, and copper. Ana]ys1s of ca1c1um and magnes1um

concentrat1ons show the" "hardness“ of water and that "water softeners"
really work. Two other experiments that became quick favorites involve
\%'*‘gﬁana1yses of heavy metals in different cigarette brands and analyses of the
. concentration of sodium and potassium in urine and bioodi Students supply
samp]es in each case. |
,wéﬁ?eshman students also have ut1112ed the ultraviolet- v1s1b1e spectrometer -
to monitor air qua11ty Air is pumped thrb/gh solutions conta1n1ng trapp1ng

reagents for sulfur d1ox1de,‘n1trogen dioxide, or ozone. The increase in

\ - ~

ugtraviolet or visible absorpt1on can be eas1by re1ated o concentration.
Heavy metals such as iron or manganese in samples taken from rivers, 1ake$
and streams can a]so be extracted by trapp1ng reagents and analyzed in the
same way. Nitrate and phosphate concentrat1ons have also been checked using
this ‘method. | |
A popular demonstration for freshmen hgs been the determination-of
323/345 in nature by use of the mass spectrometer. Carbon disulfide is
often the sample which is used. If possible an upper classman carries out
the actudai demonstration?. , . ¥
. In addition to the "unknowns" which are solVed by sophomores'as men-
tioned "above, the organic laboratory. utf]izesmthe flame-ionization gas-
liquid chromatograph to strengthen the first semester. For example a hydro-
" carbon, say 2- methy]butane, is ha1ogenated and the products worked up, and
then ‘stored until the truck arrives. Then percentages of each of the pro-

ducts can be determined.‘ The results show that various hydrogen types are

substituted at different rates in free radica1 halogenation. Ana1Y§es of"

&
AN

fractions from d1st1]1at1on of a mixture through a V1greaux or similar

column show efficiencies of d1st111at1on . The most popular experiment -

*




o
o

oy

involves analyses of. "regular grade" gasoline from name’brand versus dis-

~—

count service stations. Since botl stations buy from the same refinery,
the ana]yses i)e v1rtua11y 1dent1ca1 ]
Senior research projects coﬂnected to use of the truck- 1aboratory
are st1mu1at1nq to 1pv01ved faculty members . Severa] types of projects . ¢
. previously unfeasib]e can he accomp{ished. Samples are preeared. Experi-

~

ments are run. Then when the truck arrives feverish activity occurs so
that all éhe samp]es can be aha]yzeq. (§thdents have(been known to willingly
operate the insteuments around the clock!) Even students not yet rea;y to_do

. ‘a senior level research project are often jnferested in environmental pollu- “

tion prgﬁects 1n”connection witq say, an analytical course. Again gethering

sdﬁp]es %efe}e the truck arr{ves and then di]igently,obtainiqg data while

i the truck is present dis standard practice..

In summary the truck-laboratory is used in the same kind of chemistry

experiments as if the instruments were permanently located.
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