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Irtroduction: ‘/hen Tuin_, Vundentelt, Znmett, and
Bird (¢) evulucted fish liver o0il 7e€98 usging a sector
photoreter they recorted a deviwtion cf three and cone
half percent in their reculte. Zscheile (12), using a
photcelectric spectrosraph on a sicilar experiuwent re-
Guced the deviution toe two terntihis of cne percent.

The investijutiun reported in this puper is un
atterpt to discover a wethed of using tne sector photo-
reter tut ut trhe suwme tiue reducing the deviautiun frowm
tiie taree and one hali percent reported vy Ewuw 2t al
ucing the sscéor instrument.

Ore limituticn of the sectecr photoweter is the
inability to pactogruph successive wbsorption spectra
closer than one huelf unit on the adjustable sector scule,
A second liwmitation results frow errors introduced by
pipetting --- drainage, density chunges of the sclvent,
and fluctuution of pipette volume. Tne inaccurwcy of
vicual interpretution as comcared to thut c¢f the photou-
electric cell presents a third limitatiun.

The apparatus used in this study was & Bausch and
Lowbt ultrzviclet sector phctuumeter equipred with a
Bausch and Lowbk mediwm quurts optical systems The con-
tinuuwnm ie that of a Hilger hydrozen tube opercting et a
vetential of ¢,CC0 volts. The one centimeter glasc cells
vilth yuartz ends are hcoused in wetal cusese A Bausch arnd

Loib deneity compurator wus used for rmeasuring tae



the densities of the phuto:raghic spectra.

The materials used were Zustwan practicel grude of
hexane for solvent; Tastwan Spectrum inalysis 1, Anti-
helaticn photegraphic plates; photugraphnic developer
D-19. The substance used vuas fisk 01l ;C98 supplied

Ly Paurke Davis Cowpany of Detroit, l'ichigune

Experimental: From a nydro.en diccharge tube two
bearis of ultra viclet radiatiun are pacsed through the
spectrophotemeters Tne top beunm —--IO--- passes tarcugh
tne solution wnd then the "1CO rercent™ sector. The two
bteams are then collituted, pacced througsh a medium quartz
cornu prism and are adjacently photo_rapned upcn tae
plate.

*

A series of expcsures 1is mude differi:ng only in

the ratio of tiae log of I /I. The yuentity of licht

esing through the solvent is kept a constant --- tha

o

2 g
is the product of the exposure time ané the sector
cetting is egqual to a constart.

The concentration of the solution is adjusted in
such a munner tnat tihe naximum extinctiuvn occurs in the
rexion of a sector setting of ten. 4All concentrutions
expressed are in terms of graums of solute per 10C cutic
centimeters of solvent. Laboratory experience has dem-

cnstruted that in the region of a sector setting of ten

the accuracy c¢f this instrument is at a maximum.

* See page 17
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The plate 1s then develored in D-19 developer for
two minutes, fixed in hypo for twe minutegs, and washed
in running; wuter fifteen rinutes before drying.

The extincticn point of en wiosorption spectrum is
the point where the densities of the I, Veam and the I
teaun ares e nale The maximum extinction point is the
extinction point occurring on the barnd of the lowect
cector cetting.

The relative densities of the I0 and I teams uare
rezsured on a Paucscna and Lormb density comperator. The
ratio cf deflectiouns of the I, and I bewms on the nicro-
shotometer is proportional to the ratio ot the relative
dencities of these tecmss Tne ratiov of thece deflecticons,
IO/I for a series ol bandse 1is rlotted agauinct the corre-
sponding sector settinge.™ TFor tands of lower sector
settirse than the raximum extinction point, the ratio
will be greuter then unity; for bands cof higner cector
cettirgs thun the raxiwwa extinction point, the ratic
will be less than cne. The point where tne curve crosses
the unity line is concidered the iscdencity pouint and
its correspending sector setting is read on tae "Y" axnis.

In making wny abeorption determinuations cn tne
csector phctometer, it is iuperative that the instrunent

be in proper aligsnrent.
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The first step in cligning the instruwent is to
open thne £lit, reccve the plate hclder, and illurinate
the source. The ireze of the source, two darx circular
lines, may be seen by viewing the gpectrum. Ry wmeving
the rewcte end of the sector section of tue pnoteueter
leterally, thece imz_eg ray be truu ht into the center
cf the spectrum zs defined Tty tae diuphrua:me. Tne £1it
is then cloced to the »ruper width and the relcetive in-
tensitiec of the tuwo teams whicn malte up the band muay te
investi uted. “then the band is photo:sruphed thrcu h
cpen sectors, with ro celle in the instrument, the ratioc
¢f the ndcronsnotumeter deflectivne frow the T ums chiculd
te one if the Cdensities are eguwle. In the event that

thic conditicn ie not reulized, the densities of thece

becms mey te changed by =djustirg the =li;nment of the

]

icchurze tube. . hen the tute eni which 15 ucre remuts

from tne ©1it is raiced, the "I™ beum will becowe darker
and vice versu. If the two Teems tend to overlup ot
the cernter, thus for:ins = Cark line throu.h the center

-

of the btund, the follcwin: sdjustnent of the instrument

P

mway te mede to correct this defect in ali:nment. 11 the
dictunce between the Fresnel btipricuw z=nd tae slit is

diniriched, the overlapning of the linec lesserc. Ruuatcil
end lcerb reccumer” ot tie tinriem te [ luced we neur
the €11t as rcocitle without dunuge to eititer the clit

cr the btirriswe Towever on the irctrument used, it vas



li:pouzeible to pluce tie bigriem cs close =ws Gelireds A
mininuw distunce vas ugeds

A ceriec 01 deterninutions were wzde usging fich oil
7o€SC previcuasly redported Uy EZwirg, Vundenbelt, Zruwett,
and Rird (¢). The nlates were visuully sgotted bty tuwo
individuale who n=d awl previcus experience in spotting
arscrotion cpectra. 'he meximum eatinction values were

then czlculuted ccecording tu Eeer's relationshiy:

I ic ejual to the incicdent lizht (100 percent).
e uals the percent ol Licnt transwmitted «t the
wave lenzth of tihe absorption maXilmWi.

¢ egynals the percent concentrutivn of the scluticn.

d 1ic ejual to the len th ¢f the cell in centimeters.

Table A indicsztes thut the results of visual epot-
ting mav deviate as rmuch ag 2,72 vercent within them-
celves. Also it chcould be noted that wnen tue reun
values of one rezder ure couwgured with thoce of ancther,
thnegre is a Cdifference c¢i only oS pcrceate.

The volumes uced in table A in cetermining the
nereent concentrzticn viere pipetted and t.oen cureiully
weizhed. By uweins the dencity of hexane at the teiier-
ature vwhen the runs iviere rale, its correct volune ray ce
deternined. Frow this the correct vaiues oi the, cuncen-
trations puy te calculuteds 'abtle B shows thils cuncen=-

.

traticn correction wp_lied to the sceter cettin. o oi

tatle A



TaBIEZ A A CCUMTARISCN CF TI'uall TN mATILCTICIL VALULS UF
7¢€98 AT ¢2€ 1U Wb DLTZSH line o17H0UT RuXIli-

LNTS EY T.0 IXNDIVIDUALS

Flate yw Conc. ISector II Sector I Ffge — II E%gm

170 «Ceell 9.50 10.C0 c0.87 0e21

17%ZA «Cecz220 10.EC 10.00 «Ce4C <l.Co

172B <0220 1C.25 10.80C wOedy <0.40

17cha «Qc270 1C.C0 10.C0 «Calb 0.8

17¢¢B «0c270 16.CC 10.CC «0.5% <0.8¢

174A «0c228 9.25 9.50 ¢ZeC9 cl.69

174B «CC225 10.00 9.8 «1.00 cle69
I 11

Range 1.75 1.580

Deviation &7 78

% n 2.72 2406

I'ean Value «0.786 oC.92

% Difference

of IYean Values )

TaBlEZ B A CCOLoaRISCKN CF 1IaallULD EXTINCTICYN WALULS COF

Fo€98 al 020 IU AS Dol INuD BY VISUal !BTHUD
AlND wIIGHT=-DENSIYY RLFINILLTS

Plate 4% Conce. Sector 1I 3Jector 1 Elﬁ 11 Elﬁ
(borrected) lem leo

167 +CLZtB 1C.CO 16.00 ¢0.48 <0e4d

1¢8 L0c2eh 1C.50 1C.CO ¢Ce25 c0.1C

169 «Ceell 10.C0 2.5C <0420 cC.ES

170 «QCtl 2.50 1C.00 <0.20 29,8

1724 WCoclih 1C.Z0 1C.0¢C ¢C.CE <070

17ZR eCuiid 10.25 10.20 c0e4C «C.Cb

17¢a «Ce?0 C.C0 1C.CC cCel <Cat0

17¢B G270 1C.CO 10.00 eCe0 cUetC

1744 «CL2E 9.5 .20 ¢l.EC «l.50

174R «Ce2EQ 1C.CO 9.5 Ce?5 ¢1.40

I II

Range «&d 1.98

Deviaticon 76 s 26

% " 2e4d cell

Mean Value cCefe <Cebo

“ Difference 29




The sector settings ot tle isodensity voints were
then determined ©ty use of the wicrophotcueteres 'Lhe Elcm
velues in table C show the corrected cector settings
which were used with trie uncoerrected vercent concentra-
tions from tatle A,

Table D gives detuailed infouruetiun ¢t tie coubinu-
tion of the weisht-density correcticns used in conjuncticn

with the sector cettinge us determined ty the micro=-

nhotorieter.

The accuracy of the determing tlon oI the E%cw ot a
gubetance depends uvcn tae accurucy of 10/1, ¢, and de.
The cells used in the absovrution work renorted by this
paper were uccurately grcocund, hence tals error is
neglisivle.

Two fuctorse determine tie zcecurwcy ol the percent
concentruticrn of the colution. "They wre: (1) tie
accuracy with which ths solute ic wei_ned, and (2) the
azccuracy exerciced in determining the voluue ¢f the
gclvent. I'ne semi-nicre calence which wus used to
determine the wel ht ¢f the teclute is wcecourute tu plus
or minus five tncuszndiths ¢f o willigrume wXDprecsed in
sercent devization thic weuld Te plug or Linus five
hundredtne ot cne vercent. WPnie deviation ic &alco
nexlisitles e volwie 0i the solvent wue newsured with
a rizette. Since the dencity of the colvent wnd tine

voluie of the nipette vury with the tergersture, concia-

eruble deviwnticn i. ¢ .0 cxnectelds Hexune ig unsuit-
cole for nivetting becuure of 1te Lish vever fressurc.
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TARLZ C YalDWY WnTINCTICH V.IUZZ CF L, c€S6 AT € YU us
X

C

DLTZEIINZD RY TTD VICRCL'ICTLNETIRE LITICUT LIGHT
Q
~

et ,
o PO RS C N Y o4 Wind o il=
DEIZITY CORRSCTICK

Tlate Sector Log Sector % Conc. Ei@m
167 9.28 1.0t «Cez2€0 0l.78
16€ .45 1.CZC 02l eleQ
1¢9 5.C5 1.04z «Cei78 Jl.E2
170 €72 1.0587 «Cecll ¢1.9C
1724 2.658 1.C15 .Cc228 cl.E0
172E 9.0 1.C14 Cuezi ¢l

17cA Se00 1.Clo «Cez70 ¢1.10
17¢3 .09 1.C1E& 0L 0 cl.C2
1744 ©.4C 1.027 +0ce2b «l.t0
174B .80 1.022 +0c2z2bd ¢l.70

Range «E8
Deviation PR0)
% n l.cd
"ean Value ¢l.20
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T42LEZ D ZITINCTICN anUil (I 5e€96 - 20 YU &5 DLTURITINLED
BY T°75 YUITTCLI (T 2R MICROSTCOUITETTR “fi GoIGITSDINEITY
Flate 'lempe. °c. Tgte Hexane Density volume Hexune
grems rl.
1e? ZeeC leolz1C «0C1l6 19.k¢
1c€ 22.4 lee2127 eu20 19.¢5
1€9 2248 1c.CC79 0619 12.7¢
170 228 le.1114 s0klb 1S.06
17zA 242 1..C0746 +ueCE 19.76
172B 24.2 1¢.C746 tblE 19.76
17c¢A 24.8 1..Cc78 $ 6607 19.7€
17¢B 2460 1eoCo7¢ «06C7 19.78
174A Z4.7 1¢.0028 .£cCh 19.77
174B 24.7 lcoCCZd +c6CS 19.77
: . 1%
Flate Sector Log Sector wzt. Cil % Conc. EJZ,
Lg
167 9.28 1.0c4 G S 0Ll cl.l4
1c€ .45 1.820 ©e4d 0zl cleil
1c9 9.C5 1.C42 o &8 «0cell ¢le4d
17C £.72 1.087 622 Cecto cleZe
172A 2.€5 1.C15 6edd +0u22b ¢l.1E
1728 ¢.68 1.C1l4 ©edd «Cuz2&5 «l.15
17¢cA CeGu 1.Clo 66406 0270 <l.17
17¢B 9.65 1.015 Led6 «0c270 <1.06
1744 92.40 1.C27 6645 «CeE ¢l.60
1748 9.8 1.022 6.45 «Ce2l cl.4l
51@ values Volumes
“lem ' .
Range CE lean - Pipette 20 Cm*
DeVialtiGn 027 n A/C:to Deno 130/9
o " &0 Difference o2
I'eaa Value cl.zc whifference 1.09
Sectocr Settings Log Secter
Feen - Photometer 2.4C 1.027
" - Visuazl $.95 1.002
Difference «0205
% Difference Ze5
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By o oins the dencitr ¢1 hew.re ot the reom ten eroture®
ard wlzo tha woizht of heewne used, 1t ic cossible to
Ceternive thie wceurate volurne of el ive.

This -rurho1d the correcocriins Cutl¥¥ fron wluich
it e deterninsd cra ccouruate for thece corrections.
1t the tencroture-dcn ity line of ithe _ronh vere
extendiel to wero dsorees centl.rale, tne density of tas
Tl oeguw-l to Ji7%ce Uhe cOrryelsend iy

; .

SN S T SN 4 e 2L P L A . .
Gercityr Zrcn the Anterrotionsl Critic 1 t-ules 1s JUTLC.

o

ferense ¢f o0& pereent from the
Tilflerence Loy roloit Ivon the
£lizat ingpurities in the hign guoality connercicl se.unie
used, wnd Irva the Zuct tnot tae cle_ariovil Vvialae wal
interpolated, while the value juouted in tae criticul
tautles wizn actually deterained ot 4ero Gelrees centis-
sredes  Tuule D elitwes a uvne percent aifzereunce in
volunies cetween the pipetted voluwie ana the voluwue
Cetermined by the wel _ht-doniity netnode.
2y using the wicrognctometesr tu nealure the ratio

of the relutive cCencitiec cf tae Io ana I, toe vicual
r.ethod of readins the plate is eliminuated, and it is
poscitle tu inter.oluate between the secctor rewdings cf

tie two cuccescive zbsor. tivn vundes Tuble C cncwe that

* See puze 12

**  See Fuges lc, 14
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ISER I S c-vot.umr IGRAM

1.51% ;HAJZS,, 1502

|

HEXANE - |

.“".(.;Sln; 6530  .6550 6570

DENSITY 0°¢ FROM GRAPH.

__ _ERROR
- LERROR

'i _ DENSITY 0°C FROM LC.T

6590 66/0 6630

~~ bt —DENSITY HEXANE »

6793
.6767 ‘
.O00A®
.35
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DLl SITY OF Huiall

Corrections Applied

Buoyancy
M =S 4 (Vi - Ve) o
M = mass ol correctew welzht

S = mass of wel:nts

Vm - voluwe o1 pykrometer

Vs = volume of weignts

o = density of air
Density of Air

.0C12% g/cm®_ S. T. P.
" 5 3 540
L0862 gfcw® 740 ru; 24°C.

At 37.69° Centigrade

Veolume of Fysgncueter = 138,007 g 0f water
135Ccd g 1i8.24¢ cw®

S 4 (Vm - Vs)
155.0C674 & (155.24L¢ - 1E.45) .C00LeER
188.1678 g

Iw

155.5779 em® at 17.69°C.

155.167€ g :
154.79.0 cu¥ at 4  °C.

Volume of Iyknometer

- 1C2.6599 g
I - 102.9€82 g
Dh = 102,9EE2
154.;490

665 at 17.69° Centigrade
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DLISITY OF HEAalZ (SULT)

A ; -
4t 25.007 Centigraae

Volume c¢f Fyknovueter

124.82¢0 ¢
Yw

154.949¢ g

Volume c¢f Fyxnometer

A%

X o
\4905»0

0

Hexane
In

Dh

Centigrade

Volume of Iyiznoneter

124.4456 ¢g
w

154.5650 g

Voluwme of Fyknometer

lexans
Vh

Dh

154.5050 g

185.4154 cm¥
15¢.7190 cmvY

100.84cd
1C0.E408
1C0. 6724

0z ¢ 0o

100.6724

lee.71%0

«6L49

S4.8290 g of water

122.27€6 cmv

154,620 4 (1E85.27€6 - 1lf.o) .CCOEER
154.,949€ g .
155,284 cu® at 25° Centigrude
184.c6c2 cm® at 4 Centigrade
1C1.7771 g
161.7771 4 (125.50€4=-12.1) .CCCEE2
11,05 g
101.90ch
TgZ.cce2

«60CL  at 25.CC° Centigrade
154.4450 g of water

155,26L¢ cu®

154.4456 #+ (1E5.2669=-1E.0) 0CCEE2

at c0.b20 Centigrade
at cw.£2C Centigrade

at ce.52° Centizsrade
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it is poueeiovle to reduce tue percent deviatiuvn ol tue
Lexdlicum extincticn velues of ottt oy using thne wicro-
fhotoneter to deterwmine the waz imuwn extinction poirtse.
Tue to limitatiovns oi the ccule c¢n tane ad/ uctalle
cecter, it is dmposcivle to cet any two succeccive
exposures clerer thun one unalf ol a cector cetting.
This means tnet the vaxiuuvm extincticn value c¢i tae oil
could deviate plus c¢r winus wne percernt teicre tiae
Geviation of cme rall o1 a sector sectiing is perceptitles
niter a cerics 01 «U deterninatiovne, Zwii., Vaunuen=-
telt, Zunmett, and Bird (<) regort a neun E%gm velue ior
;€8 of ¢lesc. Taeir percent c¢i deviaticn is tiree
and one nzlf. Fy using methods siwilar to thoce used in
the Zwing ¢t 1. determinutions, the values of table A

table gives the EX~ values of
lcm

w

were obteined. Thi

cCeTE, anld wl.%2 res_cctively., Tine aifierences tetween

r

the Lwin et ule values ana tavece (iven in tuablie A mway

ceem large. iowever, 1t aas Leen siaown vy Zscaellie (1cg)
and Zwmtree (2) that tae E%g Values 0f a vitemin a oil
il

decreaie with the cassase of tine, anc the type of sulvent

ucsed will affect tane resultes The solvent used in tais

study 1is heXxune; Iwing et ale. uced isoirc;yl alcunul,.
It can be seen bty cumparing tuble A with tuble D
that the percent deviaticn in tie seusurement of , S8

cen te recuced ccasicderatliy by usiig tae refinencants of

tatle De It is dowia vy Culn_Lrin, wal sector settings
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determined visually (tuble a) wita thoce determined on
the micrognotometer (tavle D) tanat the latter are cun-
sistantly lover. Taking wean valuez, tne log values uf
the sector settings, ac deterwined con tne wmicropactometer,
are, wien couzared, atovut twou and one nalf percent lcower
than the log values of the sector settings determined
visually., 4 possible explanaticn ol tais fuct is that
the eye not cnly sees tiae extinction goint at ¢ib mu,
tut is intluenced vy tne relative densities o1 thne cwnc
on eitner side of ¢z& mu. In otaer words, tiue eye is
not as selective as tie micropnotometer.

Tavle B indicates tnat ©y using tne weignt-density
method without tne reiinement of tne wicropnctometer,

1 —:1;0
the =1%m

values tend to be lower taun thoce obtained
withcut ueing special g¢recauticne, The errors intro-
duced by pripetting tend to make the sxtiinction values
clizntly nigher, and the visual spotting tenus to nake
thece extinction values sovmewnat lower. “Therefore thaere
is a elignt compensation of errorse It must Le cunciuded
thet if the ¥relinements are to te eifective, coth wust

be used,
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Summary ;

le It is possiule to interpolate vetvween tune sector
readings of two successive absorptiuvn vande Ly using the
micropnotuweter to measure tne relutive densities of I0
and I. wnen such interpolaticn is usea, tihne percent
aeviation is recuced cunsSiaeratclys.

2o The sector settingse as aeterwinea vy the wmicro-
photometcr are conciclantly lower than taovse cetermined
visually.

¢e Py ucsing the weisnt cdencity metnod of determining
volume, the one rercent error resulting from the deter-~
mination of volume Ly pipetting is eliwinated.

4, It the refinewents uientionea in tne previous
conclucicns are to be wost eitective, tihacy siculd be
used simultanecusly.

OS¢ Ey applying tnese wetnovds, tne naximum extincticn
values tend to ce hi.ner tnan those cbtained when no

corrections are appliede.
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