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AUTOMATION OF THE PERKIN- ELMER DSC 2* 

K.-P. Friihauf 

Technische PhJsik. Uni\,ersitXt ties Saarlandes. 6600 Saarbrtkken. F.R.G. 

.\BS TR.\CT 

\\.ith help of the interface system TRIF.\CE’ \\e ace able to control the DSC 2. to 
read its displayed temperature. and to measu~~c the heat flow without an> hard\\are 
modification. Our soft\\are aIlo\\s simultaneous measurements of all quantities as 
\\ell as efficient and \ersatilr data anahsis and representation. \\‘ith a high accurac) 
digital multimeter the reproducibilit? and the resolution of the DSC measurements 
hale been impro\rd. 

ISDRODUCTION 

Sormall) . the DSC 2 is either (controlled manual!\ or \\ith an old Tel;troni\’ corn- 

puter. Thece arc t\\o pi-oblems 1, ith these methods : First. it is nec’essar? to oonti- 

nual!\ supervise the machine to car-r> out the measurements. Second!\. e\tensi\e data 

ana 1~ sis and graphic representations are not t)ossible. To atoiti these disatl\antages \\e 

hale tleteloped an interface system to control the DSC \\ith an! computer including a 

RS ?3:! h1trrfac.e - an interface \\hic.h is spread \\ide!\. The control and anabsis soft- 

\\are has been \\ritten for an .\T.\RI ST computer because of its e\c:ellent graphic 

possibilities and its lo\\ costs. 

.\UTO\I.\TION PRINCIPLE 

To measure sl)rc:ific: heat vat)ac.it> or heat of transition \\ith help of a scanning 

calorimeter. heat flo\\. temperature. and time must be measured. The heat flo\\ 

measurement \\as carried out using a o I/:! - digit multimeter (Fullscale 0.2 01’ 2 \.) 

b_~ measuring the wcocdec output signal of the DSC 2. The interface system TRIF.\CE 

c-ommuni~~atrs ~ia IEEE-Bus vith this digital multimeter. The DSC module of the 

interface system copies the BCD- < oded temperature tlispla~ from the DSC 2 (outbinS 

(:onnector) into the interfacze \\ hich transfers a decimal- c.oded temperature reading 

into the computel-. Realtime is obtained using the c.omputer clock. ;I11 three quan- 

tities are measured simultaneousI> because all measur-ements are triggered at the 

same moment. 
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The DSC module alread: controls rktr-onic:aI?\ the heat button as \\ell as the hole. 

and cool buttc>ns. But until not\. tht- s\tit<:hes <.ontt-olIing range. rate and outer- tnmpe 

rature limits had to be adjusted manualI>. In the future. these relevant switches shoulc 

be replaced 1)~ a re la? module and s houltl lw c:ontrollrtl I>_! the computer. Furthermore 

the potentiometers \thich determine the signal offset toitage (Zero) and the slope o 

the baseline (Slope) should lte rrltlaced 1)~ D.\-<.onxrrtar modules. Both the rela? 

module as ~rll as the D.\-con\rrtrr module r’an Iv? obtained \\ith the interface system 

To describe an actual measurement. I \\ill start \\ith the first measurement step 

Here. the program records the isothermal beharinui- at the starting temperature. The 

follo\\ing heating or cooling sequence ends Ithen the final temperature is reached. Ther 

the program rrc:o~~is the rc la\ation to\\aI-ds the thermal equilibrium as \\.eII as the 

e(luilil~~iun~ isothermal behaxioul-. .\I1 measured data are plotted directly on the screen 

The measurements can be interrupted at an> time. .tt the end the isothermal back- 

ground of the measurement is subtracted. The isot hrrma 1 baclqqound corrcc tion i: 

s akulatc-tl usin,% t\\o linear fits c&f thr starting and the final isothermal I)eha\iour. Thest 

fits deliver the isothet-ma1 xottagcs t,f the starting and final times. Imestigatbns ha\c 

sho\\n that this prwedu~~a Ic~atls to the best results. To sale on storage c:al>acitj . tht 

data al-p a\eragetl to swh an r\tant that r\rl.> 0.1 tlrgrre one value is stored. Thir 

resolution is identical \\ith the wsolution t-if the tenqwratut-e tfispla?‘. Characteristic 

data about sample material. samlxlr pans. the DSC srttings. as \\ell as date and timf 

of‘maasurrmrnt are storrcl \zithin thr same fib. In contrast to other soft\\are a\ailablc 

for the DSC 2, thr USVI’ c’an at an) time read the original data direct!\ for f’urthr1 

ana!\sis. 

Up to ten measurements can be made and stored automatic~all~ in one c\ch in suet 

a \\a\ that absolute!\ no manual inter\ention has to be performed during the \\hole pro- 

cedure. Pt-esentl: . the s>strm does not automatical!\ select heating and cooling rates 

On the other hand the program can set a \\aiting time ltet\xeen 0 and 9999 minute: 

in adtlition to the nc,l-mal equililwation time and the accumulation time of the isother- 

mal beha\iour. Tharpffore. one c an heat or <.ool e.g. a glassforming poI\mrr sample 

ttt\\ar-ds a fi\ed temprratur-r. in <xtlrr t<, annral it fttr different time perirXi. In thi> 

\\a: . up to ten SC ans < an be matlr p\cn clui-ing the night or on a \\rrkentl to stud> tht 

influence of different annealin!: times on the glass transition. 



all instruments into the right operating c-ontiitions and the measurement menu appears 

indicating that the computer asks for the user’s inter\rntion. 

2leasurement hlenu I ~- 

One selectable menu title named “flopp>” can be used to make diretrtol-ies. delete 

files and c:arr\ out other disc: handling task. .\nother menu title. named “DSC- direct”. 

includes the menu entries “heat”. “hold” and “cool”. \\.ith these subroutines JOU can 

heat or cool to any temperatures \\ithin the outer temperature limits. 

The menu title “measurement” includes four menu entries. The entr? “isotherm *’ 

gi\es JOU the advantage to \\atch the isothermal beha\iour of the sample. In this \\a\ 

JOU c-an c,hec:l; \\hether the calorimrtpr is in rcluilibrium or not \\ hen JOU \\ant to start 

a measurement. Furthermore. JOU can ot)svr\e isothermal long term relaxations and 

store the accompanying data. The rntrirs “vml)t:“. “refrrrnce” and “sample” lead to 

the subroutine \\hic-h measures rithrr taml)t> Ijans. or a rrfrrenc,e material (sa1)phil.e. 

indium. etc.). or an? other- sample material. Thr results of these measurements are 

stored in three different folders to make it easier for JOU to find a certain fib in the 

future. In all three cases a dialog Ix)\ first aplwars. Then JOU ha\? to enter the name 

and mass of thp sample. the trm1wrature intro-\al. rhr mass and the t>pr of thr pan. 

the DSC- settings etc. ln<‘orI-ec~t inputs are ignored and all accepted inputs can be 

changed easily because all dialog bo\es are GEJI applications. 

The mrnu title “analysis” in thr mrasul.emrnt menu sho\\s three entries. If the 

entr\ ‘*c ” 
I’ 

is selected the USCI’ must first, sr1rc.t a measurement \\ith an empt? pan 

and thrn the aplwopriate measurrmrnt of the sample. So\\ both data spts are sub- 

stl-ac.tpd and a correc-tion of the tliffel-pnt I)an masses is calculated. Then the user c-an 

drcitle xbhether the results should lw multil)lird I>: a single teml,rl.atul-e-indel,c?ndent 

c.orrrc:tion factor (determined e.g. t>j an indium tneasuremc‘nt). or t)J a temppl-aturr- 

dependent correction fat-tar. In thr latter c.ase a c.hosrn measurrmrnt on a sapphire 

sample is read from thr tlisf. ant1 c oml)arrd \\ith thr trua specific heat capac.it> of 

sapphire. This ~>roc.c‘dure leads to a t~‘ml)rl.atul.r-tIcl,endc‘nt corrrc-tion factor. The 

final results are disl)la?rd on S(‘I-FC~ and c an tw storrci. If thr entries “peak” or “plot” 

al-e splec-ted. the ana!\sis mrnu bar is sho\\n on the sc~~~ccn. 

\nal\sis \knu 

In this menu the peak area e.g. of a melting tl-ansition can be calculated if the 

menu titk “peak” is sclec.trd. Using the mouse and the picture of the measured peak 

(\\hich is sho\\n on scwen). the user (‘an sr1ec.t four temperatures T,cc...ccT,. name!\ 

t\\o trmlwraturr \alurs c>n eac.h side of thr leak at the I>asrlinr (fig.1 ). Thp l,rcqyam 

c-alculates t\\o straight lines. one t)rt\\ren T, and T, and one twt\repn T:, and T,. :\t 

first. these t\\o fits lead to t\\o heat capacit? values at T, and T:, _ \\hich are used to 

determine a linear baseline and the peak area brt\\ern this baseline and the measured 

data. SecondI) these tvo fits are used to calculate a steplike baseline \\.hich take into 
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account a steplike behaliour and a change in slope of the heat capacity after- and 

before the transition. It is an iterative procedure \\hich assumes that during the ther- 

mal event the sample consists of a mixture of comerted and not yet converted ma- 

terial. The degree of conversion determines the change of the value and the slope of 

the baseline. This procedure is \\rll I<no\\n clefs. l-2) in literature. 

nessung :c331 Datun/Zeit:26.02.1989/10:12:56 
MeBbereich:300 / 365 t4ass.z Ensl:8.048 
Rate/Range:5 / 0.2 Konnentar :430/300/029.2/902 
TU :325.92 PeakflYche:l.7551 / 2.1886 J/s 
11=320.42 T2=323.62 11=319.95 T2=323.02 

_ T3~326.46 T4=327.83 T3=332.34 T4=334.22 

3,04 k.! 
# 

” 

TV2 

2,85 - 

2,66 - 

2,47 - 

2,28 _ 

321 324 327 338 333 

T/K 

Fig. 1. Screencq)> sho\\ing the baseline construe-tion and the onset temperarul-e. 

To determine the transition temperature. the user must select the menu title “T,“. 

Using the mouse and the measurement I‘uI’\~ (\\hich is sho\\n on the screen). four tem- 

peratures must be again selec-ted. T, and T2 al-e located on the pretransition baseline 

and T:, and T, al-r located war the point of inflection at the flank of the peak. The pro- 

gramcalculates t\\ostraight tines and the temlwrature at \\hic:h the> intersr<:t. This 

so-called “onset temlwraturr” anti the straight lines are tlispla>ed on screen. Fig. I 

sho\\s thr t\\odif.ferent baseline vonstrwtions and the straight lines of the onset tem- 

perature. \\‘ithin the header JC>LI find the \alurs of thr t\\o transition heats. the onset 

temperature as \\ell as the the trmlwraturrs T,...T,. \\hk.h are also marked in the 

pic.ture . 
To ana!\se small details of the mrasurrmrnt ~ur\e. the user can choose an? part 

of it I,> selecting the menu entr) “/oom”. The user can choose an upper left point and 

a lo\\rr right point \\ith t\\o “mouse ~:lic:ts”. This part of the measurement CU~C? is 

/oomed cm the I\ hole screen. 
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I want to finish the description of the soft\\are h? noting that e\-er>- picture sho\\n 

on screen can he transferred onto leaper \\ ith a hardcopy routine. Furthermore. screcn- 

copies can be stored on disc. \\‘ith a proper te\t-qstem program JOU can incorporate 

the pictures directly into a te\t just as it is done hel-e. 

RES ULTS 

During our measurements \\cf did not USC an? trmperature regulator to control the 

temperature of the metal block surrounding the pan holders. On!\ cold \\.ater- cooling is 

used. In fig. ? some measurements c,n a sapl)hirr sample are sho\\n to demonstrate 

the reproducibility and the “noise”. Some rrlc\ant information can he seen within the 

header. .\II measurements \\ere tir,nr Iwt\\ren 320 h: and IO0 I;. The specific heat 

capacities of all runs are cal~~ulatctl \\ith one and the same measurement of empt: 

pans. One of the fi\-e measurements is taken as t alibration measurement (Y.CI.O line in 

fig. 2) and the true specific- heat capa~ it> of saijphire is subtracted from all mrasul-e- 

ments. The ~-e~~~~oduc~il~ilit~ as \\rll as the s( arming “noise” \\ere aI\\a~s better than 

+/- 20 :I\\.. The isothermal “noise” is brttrr than +/- 2 :!\\-. Tl1ese \alues ilre three 

times as goo~l as the \alucs that can br attainrd \\ith this machine Iwfore automation. 

Messung: Saphir Datun/Zeit:23.05.1989/22:06:42 
tleBbereich:328 / 468 Masse Cnsl : 31.137 
Rate/Range:5 / 0.2 Konmentar : 

I I I I I 

I I I I I 

330 368 390 420 450 

T/K 

Fig. 2. Screencop) sho\\ing the ~~r~~l-o(lLI(:it~ilit?. and the “noise” of five measurements 

done in one cj-cle during night. The ~cro line corresponds with one of the measurements. 



CONCLLlSION 

\\‘ith the described soft\\are and the tle\elo~~d interface one can measure specific 

heat capacity \\ith an impro\rd I.rl~~~~~(luc.il)ilit\ anti a reduc~ed “noise”. The automatic 

measurements require \erj little user supervision. .\fter c.ompleting a measurement it 

takes on!\ a few moments to calculate the specific: heat caljac-it?. heat of transition. 

and transition temperature. This fast speed is obtained e\en though the measurement 

of empt! pans. the measurement of a reference material. and the different \\eights of 

pans are taken intoaccount. The control and ana!\sis program is easy to use. The DSC 

measurements as dell as the ensuing data analysis can be handled as a routine matter 

h> any laboratory assistant. 
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