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SPECTROPHOTONETRIC ANALYSIS OF AQUEOUS MIXTURES
OF SOME CHROMIUM (I11) COMPLEXES

I. INTRODUCTION

There is a great need for electrical storage development for remote power
systemgpplications that are supplied either by solar photovoltaic arrays or
wind turbine generators.(l) Lead-acid batteries are currently used for this
application but costs are high and the system level is difficult to naintain.(é)
Over the past ten years, the NASA-Lewis Research Center has developed the
NASA-Redox concept (3,4) to where small but complete Redox energy storage
systems have been built. These inexpensive, relatively unsophisticated systems
store energy during periods when ample power is being produced by solar or
wind generators, and supplied to the various loads during low production
periods. (5)

Anather application for energy storage systems is in electric utility
service where they would serve in a load leveling capacity.(6) These storage
devices would be in the ten megawatt size range and would be used on a daily
cycle.

The NASA-Redox Energy Storage system is an electrochemical storage device
that utilizes the oxidation and reduction of two soluble redox couples for
charging and discharging. The active solutions, seperated by a highly selective
ion exchange membrane, are pumped through a stack of Redox flow cells where
the electrochemical reactions take place at porous carbon felt electrodes.

The redox couples currently in use are acidified solutions of chromium
{Cr(I111)/Cr(I1)} and iron {Fe(IIl)/Fe(lI)}.

A diagram showing the single Redox cell and the electrode reactions is
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shown in figure 1. The anion exchange membrane seperates the compartments and
prevents the cross-mixing of the reactive cations. The electrode material is
carbon felt, catalyzed by trace amounts of gold and lead on the chromium side.
The need for the catalyst is evident because the rate of reduction of Cr(III)
to Cr(Il) is slow on most surfaces.(7,8) The catalyst must have a high over-
voltage for hydrogen because, thermodynamically, hydrogen is evolved before
chromium is reduced. The result of coevolution of hydrogen is a reduction in
coulombic efficiency and a loss of balance electrochemically in the system
after many cycles. Trace amounts of gold (12 to 25 ug/cmz) and lead (100 to
200 ug/cmz) deposited on the carbon felt meet the criteria for an effective
catalyst. The gold produces a surfacc onto which lead deposits uniformly
during a slow chasging cycle. No catalyst is required on the iron electrode.

During a discharge cycle, chloride ions move from the cathode compart-
ment to the anode compartment, and hydrogen ions move in the opposite direc-
tion. On charge all reactions are reversed.

The relatively inert inner-sphere complex ions Cx‘(H:_,O)SCI’2 and Cr(H20)4C12’
are present at equilibrium with Cr(H20)6*3 in aqueous solutions containing
Cr(1II1) and chloride ion.(9) Both color changes and open-circuit v ltage versus
state-of-charge plots confirm the presence of these complex ions. Distinctive
differences in the chromium solutions are observed at the same state of charge
depending on whether the cell is in the charge or discharge mode, as seen in
figure 2. At above 50 percent state-of-charge the charging rate drops off
appreciably. |

The two pecies, Cr(Hzo)SCA’Zand Cr(H20)6’3, have been identified as present
in Redox solutions by ion exchange chromatography and visible spectrophotometry.

Spectral data indicates that the concentration of Cr(ulu)5c1*3 decreases much
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more rapidly with increasing state of charge than does the concentration of
Cr(H20)¢*3 indicating that Cr(l-IZO)!.;Cl"2 is the predominant species being re-
duced during the charging cycle. There is a rapid rise in Cr(Hzo)SCI*z
concentration as discharge takes place, and the concentration of Cr(H-‘,O)s’3
rises only after appreciable Cr(HzO):.;Cl*2 is produced. The main ;lectroactive
species, then, is pentaaquachromium chloride.(10)

Cr(HZO)SCI’z is evidently reduced via an inner-sphere chloride bridged -
electrode reaction and the oxidation of Cr(H20)5C1’ as an inner-sphere chlor-
ide bridged electrode reaction. A slowly attained equilibrium exists between
Cr(H0)g*3 and Cr(H,0)5C1*2 that is catalyzed by Cr(II).(10)

From this information it is crucial that methods be developed to study
and control the equilibrium between Cr(HzO)SCI"2 and Cr(HZO)s*s. The ability
to control this equilibrium would provide the means to increase the efficiency
and capacity of the NASA Redox Energy Storage System.

Increased temperature of the system is believed to thermodynamically
shift the equilibrium between the chromium complexes to favor the Cr(HzO)SCI’2
species--the main electroactive species. In order to study this temperature
effect reliable methods of chromium analysis and determination are necessary.

This work describes and compares several methods of determining the
relative concentrations of Cr(HZO)SCI+2 and Cr(H20)6’3. The three methods
studied are curve resolving methods, used in evaluating spectrophotometric
results, mixture studies, used in verifying curve resolving techniques, and

chromium analysis.




I1. EXPERIMENTAL QUALITY

All visible spectrophotometric work was done on a Perkin-Elmer Coleman 124

double beam spectrophotometer with a Sargent model SR recorder.
Preparation of Cr(H,0)C1*2 and Cr(i;0)¢*3.

Ion exchange chromatography was used to obtain the pure C:r(llZO)sCX’2
and Cr(Hz0)¢*3.(11) A solution of .07 M Cr(li20)4Cl,* was prepared by dissol-
ving 4.663 g of CrCly'6H20 in 250 ml of .002 M HC104. A 38cam x llmm column
was prepared using Dowex SOW-X8 (50-100 mesh) cation exchange resin. The
.07 M Cr(Hy0) ,C15* (63°C) was placed on the fresh column and eluted with
AM Hc104 (approximately 10C ml).

The most weakly held cation, Cr(H,0)4Cl;*, was liberated from the
column as a result of the .1 M HC104 elution. Upon pouring 1.0 M HC10, onto

the column Cr(l'l-‘,('))SCl’2 was caused to move down the resin and was collected.

Finally, 3.0 M HC10, was required to displace the very strongly bound Cr(u20)6’3

from the msin. Since we were intercsted only in the Cr(Hzo)SCl'z and Cr(H20)6’

complexes, they were the only two complexes saved for this study.
The visible spectra of the complexes were in agreement with literature

values.
Preparation of Standard Chromate solutions used in Chromium Analysis.

A standardized 100 ppm chromium solution in the form of chromate was
prepared by dissolving .2829 g Primary Standard KaCr,0; in 1000.0 ml of
standard .05 M KOH. Dilutions were made of this solution to 10 ppm, 7.5 ppm,
6.0 ppm, 3.5 ppm, 2.5 ppm, and 1.0 ppm chromium in the form of chromate ion.

Absorbance was read for each diluted solution at 366 mu, using .05 M KOH as

3
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a reference. A graph was constructed plotting concentration (sbscissa) vs.

absorbance (ordinate).
Preparation of Chromium samples for analysis

In order for appropriate absorption readings to be taken, the chromium
complexes must be converted to chromate ion and diluted such that their
colors correspond to that of the standard chromate solutions. 2.0 ml of
Cr(H,0)5C1*2 and 2.0 m1 of Cr(H;0)¢*> were seperately pipetted into a 100 ml
volumetric flask. 50 ml of .05 N KOH was added to each flask followed by 8
drops 30V H,07 and then more .05 M KOH to dilute each to 100 ml. The
solutions were alluwed to stand overnight. 10 ml of each chromate species
was diluted to 1000 ml with .05 M XOH, making the total dilution factor
from theariginal solution 1/5000. Absorbance at 366 mu was recorded for

each diluted solurion.
Mixture Studies

Mixtures of Cx'(H-.,.O)sCI’2 to Cr(H:O)é‘S were made using the following
ratios and volumes: 1:1 (2.0 ml:2.0 ml), 2:1 (4.0 m1:2.0 ml), and 1:2 (2.0 ml:
4.0 m1). 2.0 ml pipettes were used in this procedure. Absorption spectra
wore obtained for each of thesc mixtures. Mixtures of 1:1, J:1, and 1:Q
Cr(H:O)SCl‘l to 0.1 M HCXU4 and 1:1, 2:1, and 1:2 0.1 M HC104 to Cr(uzo)6’3

were prepared and spectra were obtained using 0.1 M HC10; uas reference.
curve Resolving

The DuPont 310 Curve Resolver was used to study the absorption curves.

It was used to add the component bands of the pure complexes, giving the
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composite band of the mixture.

The 310 Curve Resolver is a special purpose analog computer for the rapid
resolution of overlapping peaks in experimental data. To accomplish this, the
instrument generates a series of component peaks and synthesizes  sum curve
matching the original data. The 310 was set to generate, on' each of its function
generator channels, peak shapes corresponding to Gaussian distributions. Indi-
vidual peak parameters of height, width, and horizontal position were varied
on each channel until each peak of the individual species spectra was represen-
ted by a seperate channel. The desired curves were then summed by switching
on and off the appropriate channels to yield the composite curve structure
similar to the spectra of the mixtures obtained from the mixture studies.

When working with mixtures in which one or both of the species is very
concentrated the curve resolver will not be as accurate near the wavelength

of maximum absorbance.
Computer Analysis
All computer work was done on a Radio Shack TRS-80 Level II computer

utilizing disk basic.

I11. DATA AND CALCULATIONS .

Computer Analysis

The absorption spectra of Cr(HZO)_,;Cl*2 and Cr(H20)6’3 and their mixtures
are shown in figures 3 thru 5. Molar absorptivities () at various wavelengths
for the wo specieswere calculated using thesc spectra and Beer's Law and were

used in the computer analysis. They are listed in table 1.
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A computer program was developed which computes the concentrations of
two species using data from the absorption spectra of the mixture of the two
species. The program, SPEC/BAS, is listed in the data section.

A sample run of the program is found in the data section. This program
takes data from visible spectra as input and gives concentration of species,
standard deviation and relative average deviation as output. It also incor-
porates ameans of not including erroneous values in the calculation of the
average concentration of the individual species.

When working with mixtures in which one or both uf the species is very
dilute (less than .1 M) the computer program SPEC/BAS must be edited to
accomodate these values. There is an error factor in line 2040 (underlined in
listing of program in data section) which must be increased to a value which
will give acceptable output from thc computer. The rationale behind this is
that in the program there exists a subroutine (lines 2000-2180) which eliminates
concentratinn values which arc in error of the mean by a factor greater than
thé error factor. For very dilute solutions, which are already subject to
spectrophotometric errors, a small error factor would cause most of the com-
puted concentrations to be eliminated.

) A listing of the solutions to the combinations of linear simultaneous
equations is also contained in the output, as well as the total standard
deviation and relative average deviation for all of these results, erroneous
values included.

The program SPEC/BAS was used to analyze the absorption curves of the
throc mixturces of chromiwn complexes. The results are shown in table 2 in

tabular forn.




Chromium Analysis m gﬁr:

The plot of absorbance vs. concentration for chromium is shown in figure
6. The diluted Cr(HZO)sCI’z had an absorbance reading of 0.342, which corres-
ponds ti a concentration of 3.80 ppm, according to the calibration curve.
Knowing the dilution factor to be 1/5000, the original sample concentration is
calculated to he 0.365 M Cr(HZOJSCI’z. The chromium complex Cr(H20)6’3 had an
absorbance value of 0.760, corresponding to 0.813 M.

With this information, the concentrations of the chromium complexes used
in the mixture studies can be calculated. The concentrations computed for this

study are listed in table 2.
Curve Resolving'

The summations of the individual component curves using the Curve Resolver
are shown in figures 3 thru 5. The summation curve from the Curve Resolver
accurately matches the absorption bands of the chromium coaplex mixture.

The greatest error was found near the wavelength of maximum absorbance (Agax)?
where the discrepancy between the mixture's absorbance and the Curve Resolver's
results is as much as 5.0% for one peak. The mean discrepancy at Aaax 88 1.7%
for the peak whose maximum occurs near 585 mu and 2.3% for the peak whose nail

imum occurs near 415 mu,

Amax Correlation

Figure 7 illustrates the plot of wavelength of maximum absorbance (abscissa)
vs. concentration ratio (mole fraction) of Cr(u20)6‘3/(Cr(u20)SC1‘3 . Cr(H20)6‘3}
(ordinate). It is interesting to note that a lincar relationship is found

between abscrhance and concentration ratio (mole fraction Cr(H20)6‘3).
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The computer program gave very good results for the determination of
chromium complex ion concentrations from the analyzation of the chromium
complex mixture's spectra data. Table 2 shows the percent errors of the mean
values using the concentrations determined from the chromium analysis as the
accurate standard values. The concentration values from the chromium analysis
are within the expected error of the standard deviations for the computer
analysis for the mixture ratios 1:1 and 2:1 Cr(HZO)SCI’z to Cr(Hzo)b’s. This
is not the case for the 1:2 mixture ratio, however. These errors are due,
presumably, to a number of factors: molar absorptiviiy calculation errors, and
absorbance errors due to a combination of wavelength errors in the spectro-
photometer and large slopes of the avsorption curves

The curve resolving proved to provide an accurate means of representing
absorption curves using a Gaussian-type distributién. The summation curve
errors occuring near the wavelength of maximum absorption were due to the
extreme sensitivity of the Curve Resolver near the peaks of the curves. In
addition, it must be taken into account that absorption curves are only simi-
lar to Gaussian-type distributions and can not he represented cxactly by this

type of a curve similation.

V. CONCLUSION

Several methods fcr determining the concentrations of Cr(M,O)SCl’z and
Cr(H20)6’3 in aqueous solutions containing Cr(Ill) and chloride ion were
found to provide valuable results. Curve resolving was found to provide an

excellent mears of resolving spectra of mixtures of Cx'(H.‘.O)sCl'2 and Cr(H20)6'3




into their individual component absorption spectrs. The chromium analysis
studies proved to be very reliable and presented a method of evaluating the
curve resolving md computer analysis.

Future applications for these methods of study can be seen in the ares
of temperature studies on the Cr(III) splution. Studies of this type would
determine the potential of utiliqing the heat generated by the Redox Energy
Storage System's pumps to increase the temperature of the electrulyte solu-
tions. Increased temperature of the system is believed to have the effect of
shifting the equilitrium between the chromium complexes to favor (:x'(lizO)g,Cl‘2
--the electroactive specics. Should this effect occur. the electrical capa-

city and efficiency of the system would increase.
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TABLE 1
Wavelength € Cr(H,0) (€1*2 £ Cr(H,0)¢*2
652 11.15 3.76
628 15.05 7.30
592 15.66 13.06
556 8.93 12.81
532 5.04 8.96
460 13.21 6.28
U2 18.91 10.58
418 19.62 16.93
388 7.78 16.16
| 370 2.58 11.93
-
TABLE 2

Mixture Ratio_

Concentration (M)
from SPECZBAS

Cr(H20)5Cl

1:1 -
3

, Cr(HZO)SCl
11 . +3
Cr(HZO)SCl
- +3

+2

+2

+2

0.200 +.019

o

«399 *.026

o

255

I+

.020

0.272 X.022

o

145 2,013

.517 X.020

o

Concentration (M)
from Cr Analysis

0.183
0.407

0.243
0.271
0.122

0.542

o
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FIGURE 7

MOLE FRACTION
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FIGURE 8

MOLE FRACTION
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9 Qe
L 4 BROZOAM T0 DETERMINE CCONCENTRATIONE OF O COMPONENTE
e ::: IN MIYTURE FROW Yv=u1Z BOECTROBCOPY DAT:

eev

23 €0n 1e20 TH 6 ETER =1 1SETID) 1) INEXT OF
Se ROR 1ad TO 12718ET (1161 INEYT

2% eom tes *h ZOIBET(L27. 1) INEYT

28 FAR 1w137 TO @ STE® =1 18ET(1,20) INEXT

30 PRINTSI97. *DETEPMINATION OF CONCENTRATIONE OF Two SPECIES IN®1
S0 PRINTS330: "SOLUTION UBING Uv-vI$ SPECTROSCOPY DATA®t

60 FOR Tey TO JPODINEXT

70 PRINTE®14: "HIT ANY KEY TO CONTINVE®

80 I3oINKEYS!IF 29e°° THEN 80 ELSE 99 .

" as

100 LPRINT® oo sesses soe .
118 LPRINT® * .

120 LPRINT® DETERMINATION OF CONCENTRATIONS OF TWC SPECIES®

138 LARINT®  IN SOLUTION USING WW=VIS SPECTROSCOPY DATA®

148 LPRINT® ° .

150 LPRINT®s . .
168 LPRINT® * ILPRINT® *

163 GOTO 3000

170 REM  INSUT DATA

193 o8

189 PRINT *ENTER THE NUMBER OF WAVELENGTHS FROM WMICH®

19 PRINT *DATA I8 TAKEN®

280 INPUT D

218 IF D2 TMEN 220 ELSE 239

320 PRINTSYOU MUST ENTER AT LEAST 2 WAVELENGTHS.®

230 goTo 18¢

3¢ E=D-1

268 DI™ WD AN em(De2 v BID 1 C(DIDs2) 1 SDIZI ) PAD T N0 F DM B2
270 FNR Jwy TO D

280 PRINT"ENTER WAVELENGTH #"t!

292 INPUT W(I!

320 PRINT"*

312 PRINT'ENTER ABSORBANCE AT WAVELENGTH" tW(l:®
320 INPUT A(D)

330 PRINT®®

342 SRINT®ENTER MOLAR ARSOIPTIVITY OF FIRST®
%2 PRINT®COMPONENT AT WAVELENGTH" 1W(I)

260 INPUT MUI.:)

370 PRINT"*

380 PRINTENTER MOLAR ARSORPTIVITY (F SECOND®
3°C PRINT®COMPONENT AT WAVELENGTH®:iW(1])

«00 INPUT M(1.2)

41@ PRINT®**

42¢ PRINT®ENTER THE CELL WITW UBED (IN IM)°
430 INPUT B(D)

440 CLS

443 PRINTPLEASE WAIT®

AS0 NEXT I

460 REM PRINTED OUTPUT OF DATA

47C LPRINT*WAVELENGTH® , " ABSORBANCE"® + "MOLAR ABBORPTIVITY 1.2%.
«80 LPRINTCELL WIDTH®

4«90 LPRINT® *

S22 Femca, nen’

SIC Ge=tan, me"

S22 Hemte, 0"

oI0 FOE Iwy TC D

SeD LORINT TAR(&: W't

SS2 LPRINT TAR(19)ILPRINT USING Fet1a/]):

860 LPRINT TAB(JI%)ILPRINT UBING GotM(1.1)¢
S70 LPRINT TAB(48)ILPRINT UBING GStM(]+2)
S7% LPRINT® *.

S8C LPRINT USING MStR(])

399 NEXT I

REM
600 Nep
61 S(1)=@
620 S(2)=0
632 KeliE=D=-1
&40 FORImy TO E
630 FORJsr TO L

COMPUTATIONS

COMPUTER PROGRAM "SPEC/BAS"
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660 CClL T IotatIon( ) =AlI #1421 7(B IO IM Ty JromM(T s DhaMi oD oMt S 3 )"

870 C{IvJsIntatdrontIsir=ACl  omid ) (BelraMcladroMmiTa =M oD 0OMIJ0 }

600 B(1)e81)eCi1sd13) ] -22-
6% B/ 2)1eB(2)elt2: 20 2)

T80 NuNe)

718 NEXT J

7e0 KoKe

738 IF KmiDe1) THEN "90

42 MEYY ’ .

e Ve ORIGINAL PAGE 18
- veR: ny iy

=0 CeINT(0.0008+.9) /10000 OF POOR QUALITY

760 veINTIVei00D0-,9) /10000

783 Gobue Loed

T8 REM PRIRT OUTPUT CONCENTRATIONS

BE0 LAPINT® °ILORINT® °

810 LPRINTSTHE CONCENTRATION OF THE FIRST SPECIESR 18° 11Xt *MOLAP®

028 LPRINY® *

830 LPRINTTHE CONCENTRATION OF THE BECOND SPECIES 18°1Yi1°MOLAR®

EIF LEEINT" CILPOINT" °

640 LPRINTFIRST SPECIES BTANDARD DEVIATION 18 “tiLPRINT UBING FetF(1!
gg t::;:‘:::ucm EPECIER STANDARD DEVIATION IR * i1 PRINT UBING wetF:l:
660 LPRINTFINST SPECIEE RELATIVE AVERAGE DEVIATION 1§ **i1LPRIMT USING 8014 i 11 PRINT "
E70 LPPINTSECOND EPECIER RELATIVE AVERASE DEVIATION IS *tiLPRINT UBING G8°4°2) 1t DRINT "
890 PRM  ARINT T COMMUITED CONCENTAATIONS AND THEIR

€01 SEM  STANDARD DEVIATION AND ARELATIVE AVERAGE DEVIATION ¢
00 LPRINT® *1LPRINT® *

Q2 LPRINT® 1 *DATA® ILPRINT *

CIQ LPRINTOIUNCENTRAT. i 1%, "CONCENTRATION @2

915 LPRINT® *

1010 re2

182€ SCP sl TCO D

1O BAE fak TO D

1048 LPRINT Celedet)elt et goltdodr )

1050 NJIeN3ed

1180 SD(1+21@iCileJed=X1 D

1110 $D(211'o8D(141)e8D(24 1)

1120 RAD(}«1)mARB(C(Iede L im))

31030 RAD (2 1'mRAD IS0 )SRAD(S S

1300 SD(1e2)®(CilodemYs0]

Si80 SDIZ 108D VgD

1368 RAD(3:2)mABS(C(Te¢J12)=Y)

1178 RAD(2:2Y0RAD( 1+ 2)eRAD(2+ D)

31208 NEXT J

Kool
1220 IF Ke(Del) THEN 12493 ’
1238 NEXT 1
1208 LPRINT® °ILPRINT THERE WERE® INIt°TOTAL PAJRE OF CONCENTRATION COMPARISONS®

1298 IF N<2 THEN Ne2

1332 IF NST THEN NeQ

1336 XZJeXi1Y2eV

1287 IF yu@ OP vef THEN Xsiive)

260 T3 (SDIL 1/ (N=2))E. 8

1272 GUIw{RAD(2¢ L1/ (N=2 )XV )01 PQ

1280 S/2In(BDID 2N/ (IN=1)14.8

1202 (2 @/ BADIZ. D)/ (N=j OV I 0180

1282 naND

1293 r=xZ:ivev?

1209 LPRINTS "ILPRINTS ¢

dI20 LPEILTITHERE WERE S INICEIMULTANECUE BGUATIONT RED T0S THE CONCENTRATIA N DETER™ In.® ! 0

1212 LPPINT" -
- L ETANDARL DEVIATIAN F R FIRCTY EPEZIES TS 1t PRINT USING Sgr¥.

STALDARD TEUIATIN €0r ETOUOND TTEIIEE IE CtILPRINS UEING Fpew

SELATIVE AUEPASE DEJ4ATI0n FIE FIRET GRECICE IE i PRTAT UFING T3eR n rq RRremens

FELATIVE AVTRASE SEVIa™ v BOR ZECOND GOUECIET [§ "0 PRTNS  otpT el i _BETeSe

1a@D THIUTOID VOUu WANT T BUN THME BROCRAM A3AlN  YER N8 NCt12e

1eld 1T Tder /EE TREM PRINT Teg 12015708

w1t L E

el EOR lawe T e RICET 1 @ iNEX”

1430 Sk 1o 10T INI3ET 66 IV INELT

tedl FOR 1msB et ETER =1 tSET(14 18 INEYT

1430 FOu 1atSTOI0 STE® <1 tEFT wés (I INECT ]

4B IF JSUONCT BRINTEIBR.CTHANK VYIUTt £_GF PRINTILEDR.*TRY AGAIN®!

1aTR PRINTISOP. °

180 FOR 1w TOIDBLINEYT

1080 !€2em N THEN 9000 ELSE 400




i,

R R R R =i e E——

oD ! -
ABBICITaded 1=y Q20K OR ABB(CIIW 2=V ( 200Y) THEN 2080
NoNe] |
1o812C(Is 001 i
B2e82eCt1+12) |

THEN GOBVR 402

3130 vegim ORIGINAL PAGE IS
- B

2138 e OF POOR QUALITY
2140 reINT(Xe10000+.9) /10000

2150 YOINT(Y=10000+.5) 710000

=169 LeLet

2170 IF L=1@ THEN 2190

<180 8070 2018

219 RETURN
REN INPUT TITLE
CLEAR oo

3010 INPUT ENTER THE TITLE: *1Te

3022 LPRINT Te

J030 LPRINT® *iL BRINT® *

3048 GOTO 172

4002 AE™ (44 S0 AND RAD FOR REMAINING VALUES
AB2C B0l CiToSedrayre2

4033 BD(2¢1,w8D 1 1108D(24 1)

R4l RAD(!: 1 ' mARE(ClLeJed =)

4020 RAD(Z1IWRAD (L 1YORAD(Z 1}

A36€ B0t ir2)miLieled)my )02

4070 ED (2. D)eSD (14 2)e8D(242)

SO PADI1e2)mABE(CIL0de2:i=Y)

4090 RAD(2:12'oRAD(1+42)eRAD(2:2)
4098 2N

4100 IF NC2 THEN N=2
4183 IF xef OR Va§ THEN Xejivej . —— ]
A110° F(1)HI(BD(201)/IN=1))0,9
4128 G(1)I(RAD(D 1) /L IN=1)0X)) o100
4130 F(2)e(BD(2:2)/7(N=1))0,9
4148 G(2)=(RAD(212) 7L IN=1)0V) ) 0108
4150 o2
4198 RETUAN .
BRINT*DO YOU WIBM TO UBE TME SPECIFIED WAVELENSTHE FOR®
G010 PRINT® CHROMIUM ANALYBIB==6352+420+ 99295605320 4681442410 *
INPUT*308. AND 379°1Ke
g' KS="VES" THEN 4048 ELSE RETURAN

6328
830
a0
4838 FOR 1=1TOD
o070
6080
6302

READ W(ZVaMil. 12eM(Le2)eM D)

PRINT*ENTER ABBORBANCE AT WAVELENSTH® 1M(3)

INPUT ALD)
6110 NEXT]
6113 PRINT*PLEASE WAlT*
6120 G0T04e0
PODD DATA 45011, 103, T0r. e alB 10,00 7, 30, o020 1%, 00+ :2.08¢.1
G901 DATA 20648.530 120,83+, 10832:5.00:6.% 1, 10060¢ 13,2048, 28¢.3
BOC. DeTA 4wl o16.90+10.98:, 10010018, 62.16.92:,1:300:7.78+ 16. 16
B0 DATA L 1eT70:..98.11.93..2
°®R02 END

.

«28-




1.

2.

3.

4.

8.
9.
10.

11.

ORIGINAL PAGE IS -2-
OF POOR QUALITY

BIBLIOGRAPHY
Rosenblum, L., Bifano, W.J., Hein, G.F., and Ratajczak, A.F.,
"Photovoltaic Power Systems for Rural Areas of Developing
Countries," NASA T™M 79097, 1979.
Vinal, G.WN., Storage Batteries, 4th ed., Wiley, New York, 1955, Chap. 6.

Thaller, L.H., "Electrically Rechargeable Redox Flow Cells," NASA ™
x-71“°, 197‘.

Thaller, L.H., "Redox Flow Cell Development and Demonstration Project,
Calendar Year 1976," NASA TM-73873, 1977.

Thaller, L.H., "Redox Flow Cell Energy Storage Systems," NASA TM-79143, 1979.

"Interim Cost Estimates for Advanced Battery Systems," Electric Power
Research Institute, Palo Alto, California, EPRI EM-742, July 1978.

Earley, J.E., Cannon, R.D.. Transition Metal Chemistry,l, 33-109,1965.
Neaver, M.J., Anson, F.C., Inorganic Chemistry, 15 (8), 1871-1881, 1976.
Gate:, H.S., King, E.L., J. Aa. Chem. Soc., 80 (19), 5011-5015, 1958.
Johnson, David A., Reid, Margaret A., "Chemical and Electrochemical
Behavior of the Cr(III)/Cr{II) Half Cell in the NASA Redox Energy
Storage Systcm, NASA TM-82913, 1982.

Angelici, R.J., Synthesis and Technique in Inorganic Chemistry, Saunders,
W.B. Co., Philadelphia, Pa., 1969, pg. 60.

B wat st T o0k ‘adbs Aol




	GeneralDisclaimer.pdf
	0023A02.pdf
	0023A03.pdf
	0023A04.pdf
	0023A05.pdf
	0023A06.pdf
	0023A07.pdf
	0023A08.pdf
	0023A09.pdf
	0023A10.pdf
	0023A11.pdf
	0023A12.pdf
	0023A13.pdf
	0023A14.pdf
	0023B01.pdf
	0023B02.pdf
	0023B03.pdf
	0023B04.pdf
	0023B05.pdf
	0023B06.pdf
	0023B07.pdf
	0023B08.pdf
	0023B09.pdf
	0023B10.pdf
	0023B11.pdf
	0023B12.pdf
	0023B13.pdf
	0023B14.pdf

