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I.

INTRODUCTION

It has been determined that a sample of weter will not alwoys freeze
at 0°C. Both the percent of impurities ond the volume of the sample
influence the temperature at which the sanple freczes swmall drops of dis-
tilled water will freeze at varying teusperetures depending on the valume
of weter in the drope. The smaller the drop, the lower the temperature. A
drop with a dlameter of 10 micrens will freeze at epproximetely -4%0°C. Drops
of the some volume will fresze et approxinetely the sore teuperature. Impuri-
ties in 2 drop tend to raise the freczing termpersture slightly by rroviding
e nucleus around vhich ice erystals cen forme. By experimentelly freezing
droplets of the/ sane volune gnd comporing the mean freezing temperature of
& yarticular sample with the meen freezing temperature of a control sample,

the concentration of impurities can be calculated.



II. OBJECTIVES
My essignment waa to further develop 2 freezing technique for emall
water droplets which Dr. Schlsusener observed in Celifornia. The method
wvas to inject smnll droplets of water into the interface belween tvo 1liquids -
carbon tetrachloride and minoral oil - one being heavier and the other being
lighter than the water droplets. The purpose of the ascignment was to
obtain o workable nelhod for the freeiing of small water droplets so that

the anount of impurities in the semple cculd be dotermined.



IXI.

FROCEDURE

This is the method that has been doveloped for finding the meen
texmperature of the freeczing points of droplets of water which ore 1.0 mm
end 0.5 mm in dicmeter. The sxall drops are cuspended in the interfoce
between carbon tetrachloride and rmineral 91l - the minersl coil being above
the drors eand the carbon tetrachloride below the drops. A thermister -« a
resistance ihcn“metcr ~ 18 incerted into the interface and the cup con-
taining the liquidec is cooled. Over ecch delermined iverement of tergpera-
ture; the number of drops that frcze dwring that temperatuxe range and the
time required for the cooling through the increment are recorded. From thic
@ata the mean terperature of the freesing polnts of the drops ond the rate

of cooling can be plotied.

Freparcotion of Materials

The first etep is to prerere the motericls. Some of the clear carbon
tetrachloride should be pouwred into a cmalld wide-mouth dottle and Suden IV ~
en organic dye - added until the solution is nearly saturated. fudan IV is
evailable in thé Physiology Department. The nexl step 15 to coat the boltom
of one of the aluninum cups with India ink to obscure the texture. Approxi-
mately 5 nl of the dye solution (ebout 3/167) is poured into the cup. If
light can bz seen reflecting fram the botton of the cup, the botlom should be
recoated with ink. To keep it from mixing with the ccfl, the oil should be
rede to rum dowa the side of the cupe The time lapse between the nddition
of the cc/h cnd the addition of the oil chowdd be feirly chort to minimize

the eveporation of the cc/h. Once the mineral oll hos been odded, the cup
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showld not be moved excessively. It will help to preserve the interface.
Add mineral o1l until the cup is slightly less than half full. Squibd
brend mineral oil is the best Lo uce becouwse 1t does not beeame cloudy while
cooling. The mineral oil zcvailable through the Chemistry Depextrent should

not be used because it does become cloudy with cooling.

Froduction of Pronlets

The next step is the produntion of the droplets. Insert the sxall
syringe 7902 into the center hole o/f & #12 rubber stoprer and place the
stopper in @ 37 ring attached to 2 ring stond. The sgyringe 1s now in &
vertical position pointing dowmrvard. A 29 needle is attached to the syringe.
The tip of the ncedle should be cub off squure and filed cmooth oo sexdjaper.
The 15-pover magnifiler chould be removed from its mount and held en the ring-
stand by meanc of a ¢laxp. DBy adjusting the clamp, the magnifier can be
focused on the tip of the nsedle. The next thing to do ic to rewmove the
plunger of the syrings, slip /%" of rubber hose over it, and replsca the
plunger. Tape the rmbber hose to the top of the syxringe. This hose grips the
Plunger elightly and kelps control it. NHow remove the needle, and fill the
syringe by immersing the end in the water to be tested and pulling oul on
the plwnger. Hot more than 1/2" to 3/4" of water chould be in the syringe
et ome tize. (It will make production of the drops easier.) Fit the noedle
back on the tip of the syringe and press the plunger slightly to £i11 the
needle with water. IS there ere air pockets in the syringe or needle, they

chould be removed to melke drop production easier. Adjust the magnifier end
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its e.ca‘.le so thct the view through the megnifier appears similar to Fig. 1.
Slowly push and pull the plunger while loolkding through the magnifier wntil
the drop io 10 of the smmllest units scross {this is for 1.0 mma érops - for
0.5 ra drops, the drop chould span § of the smellest markings). At this
point the cup econtaiming the co/h end mineral ofl is brought up under the
needle oend roised wnbil the end of the needle, with the droplet on it le
submerged in the mireral oil as in Fig. 2. Then lover the cup sirsight dom
to bring the necdle tip out of the oil. The 2.0 m drop will yexain in the
oill. One precaution is important. The drop will tend to change size between
the time 1t iz lest observed and the time it is releeced in the oil. To

prevent this, the drop shoudd be observed for several ceconds through the

-

megnifier after the plunger has been relessed. Once the drop iz stendy, the
cup rzy be broughl up to releace the drop. After puliing the drop in the oll,
the tip of the necedle must be viped clean with a piece of clean ‘cloth bafore
making the next drop. It will be noticed that rwst of the &roplebs will sit
Just wnder the oil surface - wnable to breok the suxrfoce tension of the oil,

as in Fig. 2. Touching them geatly with a polinted object will bresk the sur-

foce tension end permit the drops to fell to the interfsece.

Positioning of Dronlets in Contaliner

-

Fige 3 chovs the positioning of the drops with respeet to the thermistor.
They should £211 within the chaded aree on the right. If thoy are positioned
outzide the chaded erea, obeervatlion in the freczer becores difficult.
Positioning should be done as the drops are being produced. Fifteon drops
moy be pubt into the shadad orea withoubl crowding. The drope have little

tendency to collect; but if tvo drovs are too cloze together, they somotines
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eczbine into one. Once the drops are in ithe cup, their size moy be checked
by setting the cup on the base of the ringsiand and focusing the ragnifier
on the drops in the interface and cmmg then to the scale in the

magnifier. The exror chould not be more than + 025 rzi.

Fositioning of Thexmistor

The next step isto put in the thermicior (see Fig. 3). Ite holder
is a plece of balsa which fits over the lip of the cup. The glass probe
vith the thermistor in the ¢ip is then pushed through 2 hole Iin & shoaxt
plece of hese that is olit lengthuise end then through the hole in the
pilece of balsa. The »ubber hose permits the thermistor (the black spob in
~ the tip of the prode) to be adjusted to exy helght. It should be edjusted
&0 that it 1o abt the interfece of the tvo liquids. The two leeds are then
sttached to the tacks on the scides of the balsa. Two short leads are alco
atteched to the tacks. Ouce mssenbled, the therxistor snd the balse cen be
used 25 one unit. They can be attached to and removed from the cup without

separating then.

Equipment in Freezer

The ecquizpent in the freezer consists of a ring stond, & ring, &
wount for g polarold lens, a sxnll pilece of sheot rmotzl, a ring of noly-
ethylone, and & trouble light. The ring is sttached near the top of the
stend end the sheet metal placed across ite The ring of polyethylens - used
to support the cup - is frozen to the center of the sheel metal. A polareld
plate ic attached Yo the ring stend so thal it is alightly sbove and behind
the cup end set et approximately a 60° mngle (see Fig. &) The troudle light
con be surported at sbout the right height by honging it oo one of the
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baskets in the freeser. The cup‘ with tho drops can now be placed on the cheet
retal inside the polyethylene ring with the thermistor wmit placed so that
the leads extend toward tho ring support. Two wires lesding to a dridge
should be fastened to these two leads. A% this point the component posi-
tions chould be chacked. Twmn on the light and move it elightly until the
observer sees no reflection from the liguids in the droplet arec. T water

drops should aot be vicible.

v

Termperntice Measurement with Resictance Bridoe

For temperatuwre measurement; an electricel bLridge is used. Attech

the thermistor wires to the wlnowm texminals; & 1-1/2 volt bettery to the
and Fhysice 73121

bettery terminals, and CSU £15765/center reading galvenometer to the
galvenometer terminals of the bridge. If this gelvenomster is not availlable,
any center recading gelvenometer with a sensitivity of 0.5 to 1.0 microan-
reters per rm scale divisicon is salisfectory. The bridge, o Mimeapolis
Honeywell lModel 1090 5 io zet to the ohmage which corresponds to the tempera~
ture desired as dotermined by the calibration curve of the thermistor.

¥hen the galvancrmeter chowe no deflection, the desired temperaturc has been

reeched.

Date Recorded

At every 1/2°%C the muber of drops that ere frozen is recorded slong
with the time necessary for the 1/2%C chenge. To note how many drops sre
frozen, turn on the light end move it srownd os bcfém to eliminate reflec-
tions. If any drope ere frozen; they will show up as small vhite spots

which can be comted easily.
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RESULES

The primoxy yroduct of the swaner’s work is & worknble method of
freezing water drops. This precedure has been previously described.

Included also arc the resulis of six water cmrples. The percent of
drops frouen hac been plotted egoinst temperslure for both zizes of drops.
The sheets on which the originel data was recordad contain the ruber of
drops frozen at each half degree centigrade over the freexzing intervel, the
tire in minutes for some temperatures messured from the preceding even hour,

total drops frozen In one-half degree interval, difference belween successive

total drop recordings, end thg totel drops expressed as & percentege.
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/ , INDEX OF CUNVES

Frech Top Vater {August)

Month 014 Top Weter (Jwne) - Top porticn
Month O1d Tup Vater (Juns) ~ ¥ixed
Diztilled Yater - Chexisiry

Distilled Water - Soils Lodb

Climax - #2254, 31 Merch, Board 35

Climex - 722%, 31 March, Board §35 (2nd run)
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V- DISCUSSiOH

|The method of freezipg drops s 1% now stonds has some nerit. The
setup can give a falrly good indicablion of the impurities in a water som
reletive to other camples tested. The mysten, however, has come dravbucks.
The first is thot the procecs is rather tedicus and time consuming. EBecond,
the rete of cooling chengec from day to doy and howr to howr eand is dependent
on exbient room temperstwre. This rate of ceooling variation will affeet the
freezing temperatwre of the drogs. Third, the time that & scmple has been
in the wnfrozen atate vill affect the freczing temperature. (This ves not
learned until Dr. Schleusenar retiwrned from Burore in eaxly Geptomber.
Consequently, none of the caapleted samples have this factor teken into
eccomt.) This fact will meke the couparison of frozen water samples with
top weter and dlstilled water samples difficuvlt. TFourth, only sixty drops
were frozen for each size of ench water sormple. This lindted sompling
left irreguleritics in the plolted volues when the percent of droplets
frozen was plot ted o agalnct temperaturs. I the number of drope freezing
during a given increment of terperature ore plotted ggainet the tesperature
intervals, they should form o bell shaped probobilily curve. In most cases,
this curve was barely recognizoble or not recoznizeble at all.

I feel that the exgerience I have gained by working in the field of
recearch this past summer has been pearticulorly vzlushble. Having finlched
enly one year of college before participating in the Undergradunte Research
Progrem, I did not have as much technical knovledge =8 I would heve liked to
have had. Howvever, this deficicncy indicoted to me very strongly the impor-

tance of the courses which I +ill be toking in the noxt fov years. I had
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thought asbout entering the ficld of research before last swmmer, bub I had
had no direct contact with it. The opportinity given me through the
Betionn) Science Fowndetion hos greatly ciimulated my interest. I heve
discovered tha procedures of a research projzet by actunlly teking pert end

by observing those srownd me who were involved in the same type of work.



VI. AFPENDIX
The calibretion dete for the thermistor is included. Thermistors
similer to the one used can be obtained from:
Lafayetie Radio - Industriel Division
100 Sixth Avenue
Hew York 13, Hew Yark
The designation for a sultzble thermictor i1s:

32 Fo2 (Fig. 3) Bead-in~glnss thermistor prove,
2000 ohms + 200 &t 33.00
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