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in borate glass.
The reduction of absorption with decreasing oxygen

pressure is believed due to increasing the ratio of

2+,glass +,glass

3 . s o
[Mno ]/[MnO ] where the subscript O indicates
the octahedral manganese ion. The coordination was not

changed by the oxygen partial pressure.

E. Effect of Temperature

The effect of temperature on the absorption characteris-
tics is similar to increasing the soda concentration. However,
the effect of temperature enhanced the change of the half
band width when the vibronic interaction mechanism occurred;
the notable positive slope of the half band width of the

component band [which was assigned to the transition

4Tlg(F)”‘lTlg(P)] was believed due to the vibronic inter-

action. The tetrahedral band also increased in half band
width with increasing the temperature.

The maximum band peak positions were shifted to lower
energies as temperature was raised. The shifting with
temperature was more profound for the lower soda borate than
for the higher soda borate glasses. It may be desirable to
- have less concentration of the transition metal ions and

smaller optical path length for spectrophotometric measurements,
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especially when it is expected that a certain ion may give
strong absorption.

The oscillator strength was found to be temperature-
dependent. The tetrahedral and one of the octahedral bands
were strongly dependent on temperature. The theoretical
function of vibronic mechanism, £ = fo coth 6/2T, was chosen
for the Co?%t ions in the borate system and 6 value was 200°K.
In general the function gave a good fit at lower temperature,
as expected from the nature of the function. At high temper-
ature it d4id not fit the experimental data but did increase
as temperature increased. The greater gap between the
experimental data points and the function with increasing
temperature is believed not to be due to the vibronic
process, but due to structural and the other distortion

factors. The activation energy for the reaction Cog+,glassz

2+,glass
Op

Two activation energies are found for lSNa20—85B203; for the

C was found to be ~4.5 Kcal/mole for 7Na20-938203.

high temperature range,AH% = 0.258 Kcal/mole and for the lower
temperature range (but still above the transformation

o
temperature) , AHR = 7.5622 Kcal/mole. For 28 mole % and 33

o
mole % Nazo content borate glasses, AHR did not significantly

change with temperature. The activation energy change for the

transformation of ch+,glass > Cc§+,glass

composition-dependent. Paul's assumption about composition-

seems to be

independency may be wrong (98).
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The theoretical ligand field point charge model (Dg =
aR_S) was compared with the information obtained in these
experiments. The exponent, n, of -5 from theory was com-
pared with that from the experimental information and

gave reasonable agreement, n = 4.38 - 5.36.

The function ;max = v, +ngz {tanh(_agr_)-l] which was
originally proposed by Holmes and McClure (99) fits the thirad
band which is mostly believed to be vibronic in origin,
but did not fit the first and second bands. It is uncertain
why the function does not fit the other two bands. It could
be desirable to re-examine the theory itself on various
theoretical ground. Nevertheless, at this moment with the
experimental data and the absence of any alternatives, it
appears worth while to continue to search for a model which
will fit all the data. However, such an exploration will be

left for others more interested in the development of

spectroscopic theory.
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X. APPENDIX A: d ELECTRON ARRANGEMENTS IN HIGH SPIN COMPLEXES

AND OTHER LIGAND FIELD PROPERTIES

OLFSE: Octahedral Ligand Field Stabilization Energy
TLFSE: Tetrahedral Ligand Field Stabilization Energy
A _: Octahedral ligand field strength

0
A, : Tetrahedral ligand field strength

t

0(SD): Octahedral (Slightly Distorted)
RO: Regular Octahedral
RT: ‘Regular Tetrahedral

Tg,Sp: Tetragonal, Sgquare Planar
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XI. APPENDIX B: COMPUTER PROGRAMS



OO0 N0OAN

100

101

103

104

333
200

PROG CONV

TRANSMISSION (%) AGAINSY WAVELENGTH(NM) TOGETHER WITH THE CONCENTRATION

OF TRANSITION METAL IONS,C (MOLE/LITER) AND THE OPTICAL PATH LENGTH, X(CM)
IS TO BE CONVERTED TO MOLAR ABSORPTIVITY,E(LITER/MOLE-CM) AGAINST
WAVENUMBER+V (KK) o IT ALSO PRODUCES PUNCHED DATA CARDS INCLUDING THE
NECESSARY PARAMETER CARDS ALONG WITH THE LABEL CARDS.

ICK JHIN YOON

LOGICAL*) SREP

DIMENSION SPEC(A00410)+SPECN(400+10)+sGLAB1(5)+GLAB2(S) +XLAB(5)sYLA
2B(5)+¥2(800) IDCRD(20+10) sX1(800)sKX(10)sY1(800),U(5)
DIMENSION DATAB(50)

DATA U/S5%04/

READ(S5+1C0) XLAB,YLAB

FORMAT(10A4)

1=1

READ(S¢101) (IDCRD(NsI)sN=1,20)
FORMAT (20A4)

READ(54+103) SREPsFACTOR
FORMAT(LEL1PE7.0)
READ(5,100+END=33) GLAB1,GLAB2
READ(S54+104) SCALECsXs1B
FORMAT(F441l3F10:69F7e3+12)
IF(CsEQe0+0+sDReXeEQe040) GO TO 333
VAL=1./7(C*%X)

WRITE(6+200) GLAB1,GLAB2

FORMAT (*0*+10A4)

NUMGR =1

YSF=0.0

KX(1)=1

INFMT=1

DELTAN=0.2

DELTAO=10.0

NUMSOL =1

g9¢



OO0

TEST=150.0
WVNO=310.0
WVN1=800.0
I=1

XMULT=10,0

INPUT FORMAT:INFMT=1,INCREASING;=2,CECREASING

NSP=ABS(WVNO-WVN1 )/DELTAO+1.01
IF(INFMTJ.EQs2) GO TO 20

DATA IN INCREASING ORDER

WV S=WVNO
WVF=W VN1
DO 11 I=1.NUMSOL
IF(IB.EG.0) GO TO 111
IF(IB.EQ+2) GO TO 222
READ(S,102) (DATAB(K)+K=1,NSP)
GO TO 1
222 CONTINUE
READ(5,102) (SPEC(KsI)esK=1,NSP)
102 FORMAT(10F8.3)
DO 444 L=1,NSP
446 SPEC(L:I)=SPEC(L+I)+DATAB(L)
GO TO 11
111 READ(5,102) (SPEC(KsI) sK=14NSP)
11 CONTINUE
WRITE(6+202)DELTAO, WVS 4 WVF
202 FORMAT{('0*'s* DATA COLLECTED IN*sFS5els?* NMe INTERVALS FROM® 4F6el,y?
*TO'4F6els?® NMgt?) ‘
GO TO 40

DATA IN CECREASING ORDER

99¢



20 WVS=WVNI
WVF=WVNO
NSQ=NSP+1
DO 21 1I=1,NUMSOL
IF(IB+EQ+0) GO TO 555
IF(IB.£Q«2) GO TO 666
READ(5+102) (DATABU(K) sK=14NSP)
GO T0 1!
666 CONTINUE
READ(56102) (SPECINSQ-Ksl) sK=1,NSP)
DO 777 L=1,NSP
777 SPECINSQ-=L+1)=SPEC(NSQ-L,I)+DATAB(L)
GO TO 21
555 READ(S+102) (SPECINSQ—=KsI) eK=1,4NSP)
21 CONTINUE
WRITE(E.202)DELTAOs WVF yWVS
40 CONTINUE
DO 22 1=14.NUMSOL
DO 999 K=1+NSP
IF(SPEC(Ke+I)eEQeOs0) SPECI(K+1)=0,00001
IF(SPEC(KsI)eGTH4100,0) SPEC(KesI)=100.0
TEMP=SPEC(Ky1)/100.0
999 SPEC(KeI1)==VALXALOG10(TEMP)
22 CONTINUE
CALL CNVRSN(SPEC,SPECN+WVS +WVF +DELTADs 1+ NSP s NUMSOL ¢ XMUL T WSeWF
*DELTANINP 1)
WV S=WS
WVF=WF
NSP=NP

OUTPUT OF INTERPOLATED DATALIN INCREASING ORDER
WRITE(6+205) DELTANsWVS,WVF

205 FORMAT(*0's* DATA INTERPOLATED ON A WAVENUMBER SCALE AT INTERVALS
XOF '/ *3F5424% KKe FROM®* yF6e2+° TO'sF6e2+" KKe®)

L9¢



sl Ns!

107

108

106

206

51
207

15

WVNO=WVS

WVN1 =WVF

CONTINUE

WRITE(7,100) GLAB1,GLAB2

WRITE(7+107) WVNOsWVN1 4DELTAN
FORMAT(4F€e2)

SCALE=4.0

WRITE(7,1C08) SCALE
FORMAT(F6els1X9%2s0'33X9%068%431Xs*14E 007)
DD 51 I=1,NUMSOL

WRITE(7+106) (IDCRD(NsI1)sN=14+20), {SPECN(K,I)sK=1,NSP)
FORMAT(20A4/(10F8.3))

WRITE(6+206)1

FORMAT("0"9® SOLUTION(',12,°)")
WRITE(6+207) (SPECN(Kel)sK=14NSP)

FORMAT(® ¢,10F8.3)

PLOTTING CALCULATED WAVENUMBER DATA

DEL2=DELTAN/2.
NBC=NSP-1

JEG=2%NSP—-1

WBSE=WVNO

DO 15 J=1,JEG
X1(J)=WBSE+(J-—1)*DEL2
XMI=AINT(X1(1))
XSIZE=13.5

SCALE=2,0
YM==3 ¢ %Y SF

1=0

DO 6 L=1,ANUMGR
KB=KX (L)

KA=0

I=1+41

KA=KA+1

89¢



s EKa el

DO 36 K=1,NSP
YY=SPECN(K,I)X*FACTOR
Y2(K)=YY
36 Y1(2%K=1)=YY
DO 35 K=1.NBC
IF(KeEQeNBC) GO TO 35
IF(SPECN(K42 +s1)eFQe0e e ANDeSPECN(K+1+1)eGTLTEST) GO TO 37
35 CALL ABCO(Y2+sY1,DELTANIDEL2+1+sNBCoK)
GO TO 140
37 CALL ABCC(Y24+Y1,DELTANIDELZ2s19sKsK)
M=K+1
DO 38 K=M,NBC
38 Y1 (2%K)=0,.,0
140 IF(KA+EQe 1) GO TO 4
CALL GRAPH(JEGosX14Y1909~43009006900630030090e9UslUsUqel)
GO TO 13
4 CALL GRAPH(JEGe¢X14Y1409~44XSIZE 210 e9SCALEXMI+YSFoYM,XLAB,YLAB,
*GL AB1,GL AB2)
13 IF(KAWGE«KB) GO TO 8
GO TO 7
8 IF(SREP) I=1-1
6 CONTINUE
GO TO 1
33 STOP
END
SUBROUTINE CNVRSN(XXesYYsWVSeWVF ¢DELO+JJ e JKeNUMSOL s XMUL T WS oWF »
¥DE LN NPo KN)
DIMENSION XX(400+10)sYY(400,10)

CALCULATE STARTING POSITIONsWSs, ON NEW SCALE,DEPENDENT UPON NEW
INTERVAL '

WS=10000 + /WVF
NWS=XMULTXNWS + 9999999
INC=DELNXXMULT + 0.5

69¢



IF{INC-2)20+21,+22

21 IF(MOD(NWSs2) +NEsO)INWS=NWS + 1
GO TO 20

22 NNW=NWS/10%*10
NTEST=NWS-NNW
IF(NTEST-5)123+20+24

23 IF(NTEST.EQe0O) GO TO 20
NWS=NNW + S
GO 70O 20

24 NWS=NNW + 10

20 XWS=NWS
WS=XWS/XNMULT '
ENTRY INTRP({XXsYYsWVSsDELO»JJs JKe AUNSOL s WSsWF ¢ DELNsKNsNP)

INTERPOLATIDON OF POINTS AT REGULAR INTERVALS ON NEW SCALE
JL=UK~1
KACJ=JJ~1
NADJ=KN=-1
WN=WS
WF=10000,/WVS
NP=ABS(WF-WS)/DELN + 1.000001
XP=NP-1
WF=WS + XP*DELN
NP =NP+NADJ
DGO 27 M=KN+NP
WO=10000+/WN
KO=(WO=WVS)/DELO + 9999999
IF(KO+EQe 0) KO=1
XK=K0-1
DW= WO-(WVS + XK*DELO)
KO=KO + KADJ
DO 28 I=1,.NUMSOL
CALL ABCOM(IXX(1sI)sYY(141):DELDsDWeJJIeJL+KOsM)
28 CONTINUE
27 WN=WN + DELN

0LC



RE TURN

END

SUBROUTINE ABCDM (XXeYYsHHDWs JJ e JKs Ky M)

DIMENSION XX(400) 4YY(400)

AA=XX(K) _

IF(K=JJ)E¥SH6

BB=(4 e kKXX(K+1)=3 ¢ kXX(K)=XX(K+2))/(2a%HH)
CC=(XX(K+2)~2 ¢ kXX (K41 ) +XX(K) )/ (2 o XHHXHH)

YY (M) =AA+ {BB+CC*DW) *xDW

GO TO &

IF(K=JK)7+8»7

BB=(6 e kXX(K#1) =2 e XXX (K=1)=3 o kXX (K)=XX(K+2))/ (6 «%HH)
CC=(XXIK+1)=2 e kXX(K)+XX(K=1))/(2 e *HH*HH)
DD=(XXIK+2) =3¢ kXX(K+1 ) +3 ¢ kXX (K )=XX(K=1)) /(6o HHKHHK HH )
YY (M) =AA+(BB+(CC+DD*DW)*DW)*DW

GO TO 4

BB=(XX(K+1)=XX(K=1))/(2s%HH)

CC=(XX(K+1)=24 kXX(K)+XX(K=1))/(2 %HH*HH)

YY (M) =AA+(BB+CC*DW) *DW

RE TURN

END

SUBROUTINE ABCD (XXsYYsHHsDWy JJy JK oK)

DIMENSION XX(400).YY{400)

AA=XX{K)

IF(K-JJ)E€+5+6

BBS(8 ek XX (K+1)=3 e ¥kXX(KI=XX(K+2) )/ (2¢%HH)
CC=(XX(K+2)=2¢ ¥XX(K+T)+XX(K) )/ (2 o ¥HHXHH)

YY (2%K)=AA+(BB+CC*DW)XDW

GO TO 4

IF(K=JK)7+8,7
BB=(6e*XX(K+1) =2 ¢ kXX (K—1) =3 kXX (K)=XX{K+2)) /(6 «*HH)
CC=(XXIK+1)=24 ¥XX{KI+XX(K=1)) /42 ¢ XHH*XHH)
DD=(XX(K+2) =3¢ kXX (K+1)+3akXX(K)=XX(K=1)) /(6e¢kHHXHHXHH)
YY(2%K)=AA+(BB+{ CC+DD%DW) *DW) *DW

GO TO 4

LT
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MO%(MAxDD+88)+VV=(N%2) AA

(HHXHH%*2Z2) /7 CIT=MIXX+(AIXXKk*S=( T+HIXX)=DD
CHH%*2) 7 ((T-=A)IXX—(T1+AH)XX)=68 @



OO0 OOO0OOONn

10
100
200

11
101

201

PRGG PLOT

SEVERAL CURVES(MAXe. 6) ARE PLOTTED ON A GRAPH WITH THE PRODUCED DATA CARDS
BY PROG CONV.

THIS PROGRAM CAN BE EASILY MODIFIED TO USE BOTH THE DATA POINT SYMECLS
SUCH AS CIRCLE, CROSSs SQUARE, TRIANGLE, ETCe AND THE LABELS ON THE UPPER
RIGHT HANC CORNERS OF THE PLOTS. THE INPUT CARD NO.2 IS ACTUALLY THE
BLANK AND THE REAL GLABL1 AND GLABLZ2 ARE THE DUMM1 AND DUMM2,

ICK JHIN YOON

DIMENSICN SPECN(99) +XLAB(S)+YLAB(S)+sGLAB1(S)eGLAB2(S5)sX1(112),
1 SPEC(112)+DUM1(5)DUM2(5) 4SPECI(13)
EQUIVALENCE(SPECI(1)4SPEC(1)),s (SPECN(1),SPEC(14))
DATA SPECI/13%0.0/

JEG=112

XMIN=10.,0

XSI1ZE=11.0

XSF=2.0

YSIZE=10.0

YMIN=0.0

DD 10 I=1,JEG

X1(I)=10e0+(I-1)%042

READ(S5+,1C0) XLABYLAB

FORMAT(10A4)

READ(S5+10C) GLABI1,GLAB2

PRINT 200+XLAB.YLAB

FORMAT (1H1+10A4)

READ{(S+101+,END=33) NGR,YSF

FORMAT (129 F541)

PRINT 201 oNGRyYMINsYSIZEYSF

FORMAT(1HOs*NGR="*, I3+2Xs'YMIN=? gFS5el 92X+ *YSIZE="® ¢sF54192Xs*'YSF="*,
1 FSely/)

DO 20 I=1,sNGR

READ(5,100) DUM1 ,DUM2

PR INT 202 ,DUM1 ,DUM2

€Le



202

102

99

1

33

FORMAT(1HO+10A4)

READ(5,102) (SPECN(J)»J=1,+99)
FORMAT(10F843)

DO 99 J=1,99

IF (SPECN(J)eLTe0e0) SPECN(J)=0.0
GO TO (152429242 +2),1

GO TO 33

CALL GRAPH(JEG+X1 sSPEC+0,
1 YLAB,GLAB1,GLAB2)

GO TO 20

CALL GRAPHS(JEG»X13+SPEC+0+102, GLAB2)
CONTINUE

GO TO 11

STAaP

END

49XSIZEWyYSIZE s XSFe XMINe YSF+ YMINs XLAB

LT



e N XaNa N2 N2 N3]

N 00N

100
86
101

102

148

PRCG LOGN

A LEAST SQUARES FIT OF LOG NORMAL AND/OR GAUSSIAN CURVES TO A COMPCSITE
CURVE IS DETERMINED ANC THE*BEST®* VALUES FOR THE PARAMETERS OF INTEREST
FOR EACH OF THE BANDS ARE YIELDEC,

ICK JHIN YQOON

DINENSION EQ(300) s XKK(300) +YPK(6+300)sWT(300)sBRACK(300),
LFITF(300)sXLAB(5)sYLAB(S)+sGLABL1(5)+GLAB2(5)+sARGST(24)+H(372).G(24)
29ZLAB(5) s JND(24) s ARSV(24) 4 JFIX(24)+sU(S5)sCID(20)»YP2(300)

DATA U/S**'U/

INTEGER PRINT

COMMON EQsXKKsNSP+sWT ¢y NPKSsCONs XSNAJINO+sPRINT

EXTERNAL DERI1V

XSMA=1060%%(~10)

CON=SQRT(2:%ALOG(2+0))

CONS=CON*CON

READING IN THE DATA

READ(S+100) XLABsYLAB.ZLAB
FORMAT(20A4)

READ(S+100,END=84) GLAB1,GLAB2
READ(S59101) WVNOWWVN1+DELTAsWVTRUN
FORMAT(4F€e2)
NSP=(WVN1-WVNO)/DELTA + 1.01
READ(S9102) YSFsSCALEERRSCYyFACTOR
FORMAT(FG6el3sF44]l yF6el yET0)
IF(YSFeLTe0es) YSF=2000.0
IF(SCALE+EQs0De) SCALE=4.0
IF(ERRSC.EQ.0s) ERRSC=200.0
IF(FACTOR:EQeOe) FACTOR = 1.E 03
XKK(1)=WVNO

READ (S.148) CID

FORMAT (20A4)

SLT
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READ (5,103) (EQ(K)+K=14sNSP)
103 FORMAT (10F843)
READ(Sy104)ESTIEPSsLIMITLPRINT
104 FORMAT (2E1043+,213)
IF(PRINT«EC.0)PRINT=1
18 READ(S+10E) NPKS.NFP
105 FORMAT(213)
IF(NFP.EQsO.) GO TO 999
READ(Ss10€MJFIX(J)sJ=1sNFP)
106 FORMAT(2413)

PR INT THE INPUT INFORMATION

999 WRITE(6+200) GLAB1,GLAB2,+WVNO+sWVN] ¢NSPDELTA+WVTRUN
200 FORMAT(*1',10A4/°0°%,* STARTING VALUE=? 4F642+s* +FINAL VALUE=',F6e2+
%9 ,NUMBER CF POINTS=',13/% *,¢' DELTA=*4F5¢2+'+TRUNCATED AT *¢F6.2)
WRITE(6+201)ESTsEPSILIMIT
201 FORMAT(*0®*,* ESTIMATE OF MINIMUM/PEAK=',1PE10.3/* 'y* EXPECTED ABS
*OLUTE ERROR/GRAD(J)=*,E10.3/* *s* LIMIT ON NUMBER OF ITERATIONS/WI
*NOQOW=",13)
IF (WWTRUNNE«O o) NSP=(WVTRUN-WVNO)/DELTA+1.01
DO 51 K=24+NSP
51 XKK(K)=XKK{(K-1)+DELTA

'CORRECT®* NEGATIVE EXT. COEFFe DUE TO SMALL BASELINE ERRORS

DO 65 K=1,NSP
WT(K)=1,
IF(EQ(K)) 64,64465

64 EQ(K)=0.0

65 CONTINUE
IF(PRINT «EQel) GO TO 26
WRITE(6+,202)

202 FORMAT (0%, '-==INPUT PARAMETERS®)

WRITE(6,+299) FACTOR

9LT



299 FORMAT (*0°98Xe* XPIKK)®* 43X+ 'YP X' 41PE6e0 42Xy *HW(KK)"'" +5Xs*RHO")
26 N=NPKSx*4

PUT INITIAL GUESSES OF THE PARAMETERS INTO THE LINEAR ARRAYS
ARGST AND ARSYV

NnoOooOon

JJ=0

DO 377 J=1,NPKS

READ(591C7) XPsYPsHW,RHO
107 FORMAT(F642sF743sF6e34F643)

IF(PRINT.EQel1) GO TO 27

WRITE(64230) XPsYPsHW,sRHO
230 FORMAT(BXsF6e2 44 XsF7e3+4XsFBe3+12XesF643)

27 JJU=JU+1

ARGST (JJ)=XP

ARSV( JJ) =XP

JUsJJ+1

ARGST (JJ)=VYP

ARSV(JJ) =YP

JJ=JdJ+1

ARGST (JJ)=HW

AR SV JJ) =HW

JU=JJ+1

ARGST (JJ)=RHO

AR SV ( JJ)=RHO
377 CONTINUE

READ IN THE POSITIONS OF THE FIXED PARAMETERS

a0 o

DO 112 I=14N

112 JUNO(I)= O
IF(NFP.EG.0) GO TO 71
DO 70 KL =1.NFP
KLL=JFIX(KL)

70 JNO(KLLD)=1

LLT
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71

203

204

CONT INUE

CALL FMCG(DERIVINsARGSTeF9GsESTIEPSsLIMITHIERsH)
WRITE (6+203) F, IER

FORMAT (10, ' VAL =? sE14 o4, ERRCR CODE = @*,13)
VAL=F

WRITE (6+,204) (G(J)e+J=1sN)

FORMAT(®* °*,10Xs*FINAL GRADIENTS ARE"»4El1444)
WRITE (6+205) FACTOR ’

205 FORMAT (°0°':8Xs* INITIAL LOGNORMAL PARAMETERS*/90% 17X XP(KK)? 43X, ?

206

278

16

1YP X® y1PE6¢0+SXs "HW(KK)* 34X *RHO")

WRITE(6,206) (ARSV(JS) s JS=1,N)

FORMAT (' 9, 17XsF6¢62¢3XoF10e443XsFBe392XesF643)
IF(NFP+EGeO) GO TO 16

IF(NFPEQel) WRITE(64+,278)(JFIX(KZ) +KZ=19sNFP)
FORMAT(%0',8Xs *THE INPUT PARAMETER HELD FIXED WAS*,I13)
IF(NFPeGTel) WRITE(64+214) (JFIX(KZ)sKZ=1,sNFP)
FORMAT(*C®*+38X, 'THE INPUT PARAMETERS HELD FIXED WERE®' +2413)

CALCULATE THE VARIOUS PARAMETERS FGR EACH BAND

JJ=0

DO S4 J=1,NPKS

Jd=JJ+1

XP=ARGST (JJ)

JI=JJ+1

YP=ARGST (JJ)

JJI=JdJI+1

HW=ARGST(JJ)

JJI=JdU+1

RHC=ARGST(JJ)
IF(RHOLT¢0e¢0) RHO=0e5
IF(RHONE+1e) GO TO 652

IF THE BAND IS GAUSSIAN CALCULATE THE BAND PARAMETERS AND MEASURES
OF FIT

8LC
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652

994

207

B1=0.0

B2=3.0

SIG=HW/CON

XMEAN=XP

XMCDE=XP

XMED=XP

P1=3.1415927
AREA=YPXHW* ( SQRT (PI/ALOG(2.))) /2,
A==1¢/XSMA

B=-A
C=0.0
GO TO 994

IF THE BAND IS LOGNORMAL CALCULATE THE BAND PARAMETERS AND
MEASURES OF FIT

ALR=ALOG(RHOD)

C=ALR/CON

B= (HWXRHCXEXP(C*C) )/ (RHO%RHO-1 +0)
A= XP= (HW*RHO) / (RHO*RHO=140)
W=EXP(C*C)

XMEAN=B*SGRT(W)+A

XMODE=B/%+A

XMED=B+A

AREA=YP*B*C*SQRT (6.2831/W)
SIG=HW*RHOXW*SQRT(W-1¢)/(RHO~1.)
SIG = SIG*SQRT(W)/(RHO+1,)
Bl=(W—1e)k(W+24)%k{(W+2,)
B2=WhWEWRW+2 s kKWAWRW+3I o XWKkW=3,
CONTINUE

IF(J«NEsl) GO TO 993
WRITE(64+207)

FORMAT(//+8Xs*FINAL VALUES')
WRITE(64208)

6LC



208 FORMAT(//7 46X s ' XP* 311 Xs*'YP*310Xe*HW s 7Xe'RHO® s 7Xs *AREA"*)
993 WRITE(6,209) XP,VYP+HW,RHOJAREA
209 FORMAT (' 9eF10e4+s5XsFB8e491Xe2F10e4+2XsF10e4)

CALCULATE THE LOGNORMAL SPECTRA AND COMPARE TO THE EXPERIMENTAL
DATA

oOo0nn

ROSS=(RHO*RHU=1) /RHO
DO 54 K=1+NSP
DE M=XKK(K)—-XP
BR=DEM*ROSS/HW+1 »
IF{BR..\.T+0.0) GO TO 533
AL BR=ALOG(BR)
IF(RHOEQsls) GO TO 544
EXX=CONS*ALBR* ALBR/ ( ALR¥ALR%2,)
GO 7O S22
544 EXX=2 0%CCNS*DEM*DEM/ ( HWXHW)

AVCID UNDERFLOW

no6n
08¢

22 IF(EXX.GT.?O.) EXX=T70

YPK(JsK)=YPXEXP(~1e*EXX)
GO TO 54

533 YPK(JsK)=0.0

54 CONTINUE
WT S=0.0
WTE=0.0
VAL2=0.0
D0 56 K=1NSP
WTE=WTE+WT(K)*EQ(K) *EQ(K)
WTS=WTS+WT (K)
FITF(K)=0.0
DO 55 J=1+NPKS

55 FITF(K)=FITF(K)+YPK(JsK)
IF(EQ(K))57:57,58



58 BRACK(K)=EQ(K)-FITF(K)
VAL2=VAL2+BRACK(K)*BRACK(K)/(EQ(K)*EQ(K))
GO TO 56
57 BRACK(K)=0.0
656 CONTINUE
WRITE (6+210)
210 FORMAT (1%, 10Xy *POINT #*+46Xs 'VALUE® +7Xs*FREQUENCY* 15X+ LLOGNORMAL"*
%y S5 Xy "DIFFERENCE"?)
WRITE (6+4211) (KeXKK(K)sEQ(K)FITF(K) sBRACK(K) +sK=14sNSP)
211 FORMAT (13XeI3+7X+F6e2+3X92E14e5+2X9F942)

N=NSP
c
c GET THE VARIOUS MEASURES OF THE GOCDNESS OF FIT
c
VALT=VAL/ (N~4%NPKS+NFP )
SD=SQRT(VALT)
VALSZ=VAL/WTS
VALH=VAL/WTE
VALS=VAL2/(N=4%NPKS+NFP)
WRITE (64212) VALsVALT,VALSZ
212 FORMAT(%0% 310X s* VAL=*0E11e493Xs "VALT="E1144+3Xs*VALSZ="4E1144)
WRITE (64213) VALH.VALS,SD
213 FORMAT (10Xs *VALH='sE11e443Xe"VALS=*4sE114443Xs'SD="4E1144)
c
c GRAPHICAL OUTPUT
c

DO 888 K=1,NSP
EQ(K) = EG(K)*FACTOR
FITF(K) = FITF(K)*FACTOR
888 BRACK (K) = BRACK (K)¥FACTOR
XS IZE=(XKK(NSP)~XKK(1))/SCALE +1.0
XMI=AINT (WVNO)
YM=—5 ¢ *ERRSC

CALL GRAPH(NSP s XKKIEQe &4 ¢=7 s XSIZE 910+ 9SCALE sy XMI s YSF 3040+ XLLABs YLABG
*LABI +GLAB2)

i8¢



sl aNaNal

14
13

84

CALL GRAPH(NSP ¢XKKsFITF909=290090030030e300as009sUsUsUsVU)
DD 13 J=1+NPKS

DO 14 K=14NSP

YP2(K) = YPK(JyK)®FACTOR

CALL GRAPH(NSP s XKKeYP2 404=2+0¢90000030e¢90e90e¢sUyUsU,yU)
CALL GRAPH(NSP ¢ XKK¢BRACK+09=29XSIZE+10e9+sSCALEsXMIsERRSCeyYMXLABs2ZL
*AB,GLAB1 ,GLAB2)

GO TO 86

STOP

ENC

SUBROUTINE DERIV(NsARG +VAL s GRAD)

DINMENSION ARG( 24 ) +GRAD(24) +BRACK(300),YPK(6+,300),
IFITF(300) ¢ XKK{(300)+sWT(300),EQ(300),JNO(24)

INTEGER PRINT

COMMON EQsXKKosNSPsWT oy NPKSsCON s XSNMA 9 JNO+PRINT

CALCULATE THE FITTED FUNCTION USING THE CURRENT VALUES OF THE
PARAMETERS

CONS=CON%*CON

JJ=0

JB=0

DO 54 J=1,NPKS

JI=JJ+1

XP=ARG(JJ)

Jd=JJ+1

YP=ARG(JJ)

JI=JJ+1

HW=ARG(JJ)

JI=JJ+1

RHO=ARG(JJ)
IF{PRINT.EQGQes1) GO TO 200
WRITE(64+4851) XPsYPsHWsRHOsJ

51 FORMAT(? XP='oEla.4.3Xo'YP='oElQ.Q’BX"HW='oEl“oQ'3Xs'RHO='oEla;Qo

*3Xe0J=2,12)

28¢



aOnO0

200

522
523

533
S4

S5

41
42
45

SUM INDIVIDUAL LOGNORMAL BANDS TO OBTAIN FITTED FUNCTION

ROSS=(RHC*RHO-1 « )/RHO
ROSS=ROSS/HW

IF (RHO l,Te0s0) RHO=045
ALR=ALOG(RHO)

ALR=ALR*%ALR

DO 54 K=1,4NSP
DEM=XKK(K)=XP
BR=DEM*RCSS+1.
IF(BR .. T0.0) GO TO 533
ALBR=ALCG(BR)
IF(RHO«NEsle) GO TO 522
EXX=2 ¢« OXCCNS*DEM*DEM/ ( HWXHW)
GO TO 523
EXX=CONS*ALBR*ALBR/(ALRX2,)
IF(EXXeGT#174,) GO TO 533
YPK(JsK)I=YPXEXP(~1 e XEXX)
GO TO 54

YPK(JsK)=0e0

CONTINUE

DD 45 K=1,NSP

FITF(K)=0.0

DO 55 J=1,NPKS
FITF(K)=FITF(K)+YPK(J,sK)
BRACK(K)=FITF(K)-EQ(K)

AVOID UNDERFLOW

IF {ABS(BRACK(K))—XSMA) 41,414,422
BRACK(K)=0.0

CONT I NUE

CONTINUE

€8¢
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-

CALCULATE THE DERIVATIVES AND THE GRADIENT

JJ=0

JF =1

JE=0

DO 57 J=1,NPKS
JI=JdJI+1

XP=ARG(JJ)

GRAD( JJ)=0.0

JJU=JdJ+1

YP=ARG(JJ)
GRAD(JJ)=0.0

JI=JdJ+1

HW=ARG(JJ)
GRAD(JJ)=0.0

JJd=JdJd+1

RHO=ARG(JJ)
GRAD(JJ)=0.0

IF{RHO«L Te00) RHO=0.5
ROSS= (RHC*RHO-1,) /RHO
ROSS=ROSS/HW

AL S=ALOG (RHQO)
ALR=ALS*ALS

JE=JE+1]

DO 566 K=1,NSP
DEM=XKK(K)=XP
BR=DEM¥ROSS+1.
IF(BR .. Te0s0) GO TO 52
ALBR=ALCG(BR)

GO TO S

ALBR=0.0

YPK(J»K)=0.0

GO TO (1s2+3+4)y JE
IF (RHO+EQele) GO TO 155

DER=YPK( J+K)*CONS*ALBR*RDSS/ (ALRXBR)

¥8¢



OO0

s NaNesNs!

GO TO 56
155 DER=YPK(JsK)*4 ¢ xCONSKkDEM/ (HWXHW)
GO TO Sé6
2 DER=YPK(JsK)/YP
GO TO 56
3 IF (RHOWEQ.le) GO TO 156
DER=YPK(JsK) *CONS*ALBR*ROSS*DEM/ (HW*ALR*BR)
GO TO S6
156 DER=YPK(JsK)*4 ¢ xCONSKXDEMKDEM/ (HWRkHWXHW)
GO .TO 56
4 IF (RHOsEQele) GO TO 157
DER=YPK(JsK)I*(CONS/ (ALR) )% (ALBR*AL BR/(RHO*AL S) ~ALBR*DEM* ( RHO*RHO+1
*¢) /(BRARHCHRHOXHW) )
GO TO S6
157 DER=0.0
GO TO 566
56 IF(ABS(DER).LT«XSMA) DER=0.0
566 GRAD(JF)=GRAD(JF)I+2 +O*WT(K)*BRACK{K) *DER
JE=JF +1
IF(JE=-4) 7+60,60
60 JE=0
€7 CONTINUE

DON'T VARY THE PARAMETERS THAT ARE TO BE HELD CONSTANT

DO 69 JF=14N

IF (UNO(JF)eEQel) GRAD(JUF)=040
69 CONYINUE

IF(PRINT.EQes1) GO TO 201

WRITE(6+63) (GRAD(JF)+JIF=1,4N)
€3 FORMAT (' GRAD='4E1444)

CALCULATE THE VALUE OF THE SUM OF THE SQUARES OF THE DIFFERENCE
BETWEEN THE CALCULATED AND EXPERIMENTAL SPECTRA

s8¢



201
59

61
48

VAL=0.0

DO 59 K=1,4NSP
VAL=VAL+WT(K)*BRACK (K)*BRACK (K)
IF(PRINT.EQel) GO TO 48
WRITE(G6+s€1) VAL

FORMAT (°* VAL=',El4.4/)
CONTINUE

RETURN

END

98¢
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XII. APPENDIX C: ELECTROCHEMISTRY OR HYDORXYL ION

The high temperature electrochemical cell based on a CSZ
as a solid electrolyte with Pt electrodes can be expressed

as

- +

P' , P (Pt)/’ csz// (Pt) P" P
Oy~ HpO' Hy0" 7 0y

where thé partialﬂvapor pressures of two gases were set up

3 1] n 1 "
experimentally as P 02 > P 02 and P H20 <P Hzo'

The total current through the external circuit, Iext
will be the net current Inet produced by the sum of the
components within the solid electrolyte, oxygen (IO"),

hydroxyl (Io hydrogen (IH+), and electron (Ie,). For

HI)!
an open circuit EMF which would appear over the left and

right electrodes, the total current Iext will be zero.

= = " 1 1 =
Text = Thet = To tlog t I+ T I 0 (1)

The current is a function of the ion of electron flux as

I; = 3395 (2)

where A is the cross sectional area perpendicular to the
current flow and q; is the charge in coulombs on each i-type
particle. The flux of the species i may be expressed in terms

of electrochemical potential gradient,
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O.

(o}
|

1

where the flux has units of particles/cmz.sec, o, is the
partial conductivity of the species, i under consideration in
ohm_l cm-l, Zi is the valence of the species (ZO"=—2, ZOH'=-1,
ZH+=+1, and Ze'=—1), F is the Faraday constant, [F =

96,500 coulombs per equivalent, which is the product of
Avogadro's number (NAV = 6.023 x 1023) and an electronic

19 coulombs, or 23,060 calories/

charge (e = 1.6021 x 10
volt—-equiv.], and Vni is the gradient of electrochemical
potential of the species i.

Equation (1) combined with Equations (2) and (3) yield

- -gA’di =
Thet i F Z, va; = 0 (4)
or
coll . .
(1] | B <+ -+ ] LI
~________Vno + GOH VnOH OH VnH + oe Vne =0 (5)
2

The possible cell reactions and their electrochemical re-

lationships are

l 1 ", - 1‘. '
§Oz(g) + 2e' > 0O"; Mow 5 uoz + 2r1e ’ (6)
1 1
1 ' = . ' = = J
HZO(g) + e' - OH' + > Hz, nOH + > pHZ uH20+ne R (7)
1 RS ! 2L
sz(g) > e' + H ; ng' * g+ 5 by s (8)
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and, at equilibrium in a gaseous phase,

. 1

1
=u + 5 u (9)
5 H, 2 "o, .

The gradients of the electrochemical potentials of each
species may be then written as:

vn | L B— l

= '
Pno ' o= Vi, o - = ou ] (11)
OH H.O 2 "H,'
2 2
and
Vn., = VIZ u -n_'l. (12)
HT 2 "H, e
In the gaseous phase, the gradient of the chemical potential
£ .
of H2 is
Ty = Uiy o= 3ig ] (13)
2 2 2
Substituting Equations (10), (11} and (12) into Equation (2)
yields
So_
4

1
] - = [}
Vig *0oy iy o7 30y top+i iy
2 2 2
" 1 L] ] —
+ (oo +00H +0H++ce )Vne 0 (14)
Replacing VuH o with Equation (13), Egquation (14) becomes
, 2
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i n [ - 1 LI
7(95" %00y +GH+)V“02'(§OOH 0H+)V“H20

+ (oo"+c 1+o

or' TOp+tIe Vgt = 0 (13)

Because the transference number of species i, tj, is
defined as the ratio Ii/IT or the ratio ci/oT where the total

conductivity o, is given by the algebraic sum of OO"’ OOH‘,

T
Oyt s and ce',.Equation (15) may be written in the following

way .

|__£ u 1 _:_L_ " .
= - gl oy +tH+]V“02 7 [toy tH+]V“H20 (16)

Vne

By integrating both sides of Equation (16), the electro-

chemical potential difference of e' may become as

n

1 {9
" — —- - T n )
(T’le. ﬁel) 4 J . Lto +tOH +t1_1+]du02
u
0,
”
I{UHzo it 17
T2 [top'~tg+ldiy o (7
U 2
H,0

The electrochemical potential difference of electron

(n" -né.) is given by the measured terminal voltage,

el

ET according to the following well-known relation (129, 130).
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(n3, =nl. ) = 2,FE, (18)
where 2 _,= -1.
e

Equating Equations (17) and (18) and collecting by ET,

1 (70,
Mo 2
2
1 *E.0 ,
+ -2—§J '2 [tOH' tH+]duH 0 (19)
K 2
HZO

Equation (19) is the general form for the two mobile
charged ions 0" and OH' and it can be simplified by the mean

value theorem into the following form

o ———————————
: (t -t 1)
_ “ion L OH' “HY " _t
Er aF - (“02 Ho, ) ¥ 1,0 “Hm,0 ) (20)

where t?on simply is the averaged open circuit transference

. o
. = +
number of the ions, tlon tO" tOH'

Most of the electrochemical measurements have been

+tﬁ+ (131) .

confined to isothermal conditions. However, nonisothermal
conditions can be conceived for many situations (111).
With two different temperatures T' and T" at the two

electrodes,

- +
P! , P° ’ (Pt)/ CSZ/ (pt), P" , P"
02 H20 ' qn HZO 02
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the terminal EMF , ET will be expressed by

Eq = [E)(0,)4E,(0,)1 + [By (H,0)+E,(H,0)] + E, (21)
or = Igpteg (T -ul  (T)]
2 2
1(t " o (2" —ut o (TD)]
[5 & OB tg¥ E,0 H,0 (22)

+ k(T"~T"'j+a

o _ - .2
where tion =1, uoz(T) poz(T) + RT 1n POZ' uHZO(T)
o . —
quo(T) + RT 1ln PHZO’ R is the gas constant (R = kNA ’
k = the Boltzmann constant), p. (T) and u (T) are the
O2 HZO

standard state chemical potentials of pure oxygen (cal/mole
oxygen) and pure water (cal/mole water), respectively, and a
is an intercept on the EMF axisin Figure 34.

The chemical potentials at standard states as a function

of temperature are found from a data book :(132).

ud (T) =-2.313 - 7.16 In T - 0.50 x 10”272
2
+ 2 x 10° % - 0.55 T (23)
for the temperature range 298°K-3,000 °X and
o) -3.2
uH O(T) = ~-56,940 + 2.91 T In T - 0.64 x 10 °T
2
-8x103%-8.1lT (24)

for the temperature range 373°K-2,500 °K.
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The chemical potential difference at two different
temperatures can be computed and El and E2 are as follows
(133).

[E; (0,) +E, (0,)] = Z%(ugz (T") =g (2"

= z%{-?.lG(T" 1n T"-T' 1n T')

2

~0.50 x 10 2(pe2-pr?)

4,1 1 -
+ 2 x 10% (& - F+)-0.55(T"-T")
+ R[T" 1n P_ (T")=-T' 1ln P. (T')1} (25)

0, 0,
and
v -— l ] " 1] t 1
[E; (8,048, (H,0) ] = 55 (toq ' ~Ey) (u o(T") =ity o(T")
= E?l-(tOH'-tH+){+2.91(T" in T"—T' 1n t")
—0.64 x 103

1
T"

2

(rm2-7+%)_g x 103 (= - %7)—8.11(T"—T') + R

[T" 1n P O(T")—T' in P O(T')]} (26)

2 2
where El is the temperature-dependent term and E2 is the
pressure-dependent term. The thermal EMF [[Eq.(41) in

the +ext] was calculated with the measured values ET and

the calculated values in Eg. (25).
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XIII. APPENDIX D: SAMPLES
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Table D1. Samples
No. GL2B 1 GLAB 2 (mole/) X{cm)
1 5Na,0-95B,0.-Mn  25°C, 0.21 Atm.  0.080305 mnt 0.414
n " 0.003170 (Mn3*) "
2 15Na 0-858,0,-Mn " 0.080923 (Mngi) 0.438
" " 0.003652 (Mn ) "
3 25Na0-95B,0_ -Mn " 0.07763 (ang’+ 0.373
" " 0.004086 (Mn u
2+
5 35Na,0-658,0,-Mn " 0.059969 (ug- ) 0.436
" " 0.01769 (Mn~ ') "
6 SNa,0-95B,0.-Mn  859°C, 0.2 Atm. 0.068335 (Mngf) 0.500
" 0.002783 (Mn "
7 " 679°C, 0.21 Atm. 0.069754 (Mn3+) “
" " 0.002841 (Mn~ ") n
2+
8 " 451°c, 0.21 Atm. 0.072583 (Mn ) "
" " 0.0029565 (Mn "
9 " 327°C, 0.21 Atm. 0.074418 (M§ *) "
1t "n 00303 (Mn "
10 " 200°C, 0.21 Atm. 0.07665 (Mn§ "
" " 0.00312 (Mn "
11 15Na,0-8580,-Mn 858°C, 0.21 Atm. 0.07223 (Mnii) "
" " 0.00326 (Mn>') "
2+
12 " 679°C, 0.21 Atm. 0.074333 (Mn]) "
" 0.003355 (Mn" ) »
13 " 452°C, 0.21 Atm. 0.0770 (Mn° l "
" " 0.00348 (Mn>") "
2+
14 " 326°C, 0.21 Amm. 0.0786 (Mn",) "
" " 0.00355 (Mn> ) "
15 23Na_0-77B_03-Mn 865°C, 0.21 Atm. 0.0706 (Mn3+) "
" 0.0037 (Mn” ) "
16 " 694°C, 0.21 Atm. 0.07332 (Mn3+) "

0.00386 (Mn ')



Table D1 (Continued)
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No. GLAB 1 GLAB 2 . (mole/L) X (cm)
17 2382 0-778,0.-Mn 473°C, 0.21 Atm. 0.07616 (n>h) 0.500
" “« 0.0040 (Mn3%t) "
18 35Na 0-653,0.-Mn 866°C, 0.21 Atm. 0.05225 (2 "
" (1] O . 0318 (Mn3+) n
" 2+
19 694°C, 0.21 atm. 0.0547 (Mnl)) "
" " 0.0333 (Mn> ') "
2+
20 u 473°C, 0.21 Atm. 0.0577 (Mn°,) "
" " 0.03514 (Mn~ 1) "
21 10Na_0-90SiO_-Mn (Q), 0.73 Atm. 0.239
1 (-]
22 25°C, 0.73 Atm.  0.08092(Mn____.) 0.140
23 " ©), 10°°2 atm. 0.310
24 " 25°¢, 10722 amm. 0.08434 (Mnii) 0.268
" " 0.00374 (Mo~ ") "
25 15Na,0-955i0,-Mn (Q), 0.73 Atm. 0.275
" (-]
26 25°C, 0.73 Atm.  0.08767(mn___ ) 0.233
- 2
27 " (@, 10722 amm. 0.0822 (Ma-T) 0.230
28 " 25°c, 10722 atm. 0.0072 (Mn>)) 0.228
29 20Na,0-80Si0-Mn (Q), 1.00 Atm. 0.487
31 “ (©, 1022 am. 0.10027 Ma™) 0.436
32 " 25°c, 1022 atm. 0.00174 (Mn°" 0.438
. _ ° a
33 35Na,0-655i0,-Mm 25°C, 0.73 Atm. 0.01167 Mn__ ) 0.293
23 0.11408 (Mn2%)
34 " 25°C, 10 °° atm. 0.00188 (Mn>h) 0.289
35 5Nay0-95B,0,-Mn  25°C, 0.815 Atm. 0.1775 (Mnii) 0.648
0.0848 (Mn” ) "
" 0.332

36

(Q), 0.815 Atm.

a . .
Estimated concentrations.



Table D1 (Continued)
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No.  GLaB 1 GLAB 2 (Mole/) X (cm)
37 5Na,0-95B,0,-Mn  (Q), 1073 aem. s 0.546
5 0.17705 (Mn“ )
38 " 25°C, 10 - Atm. 0.0848 (Mn3%) 0.363
39 15Na_0-85B.0_-Mn (Q), 0.815 Atm. 0.417
2 .
2 3 0.1833 (Mn2T)
40 " 25°C, 0.815 Atm. 0.01695 (Mn3T)
41 " (01, 10°2% atm. 0.415
42 " 25, 1021 am. o0.169 mn°h 0.382
43 25Na_0-758,0 -t (Q), 0.815 Atm. os 0.459
0.188 (MnJ))
a4 " 25°C, 0.815 Atm. 0.031 (Mn> ) 0.281
45 " (@, 102 atm. 0.493
16 " 25°c, 1072Y atm. 0.19813 (Mn°h) 0.410
47 35N2,0-65B,0.-tn  (Q), 1.226 Atm. - 0.321
. 0.20816 (Mn“ ™)
48 " 25°C, 1.226 Atm. 0.013 (Mn3*) 0.403
49 " (Q), 10720 amm. 0.349
50 " 25°c, 10°2° atm. 0.2207 (0> 0.374
+
51 6Na 0-94B,0,-Ni 25°C, 0.21 Atm. 0.157 niZh 0.582
52 15Na,0-85B,0,-Ni " 0.177 (ni%h) 0.578
53 25Nay0-758,0 -Ni " 0.191 (niZ") 0.477
54 35Na,0-658,0,-Ni 983°C, 0.21 Atm. 0.200 wih 0.371
55 6Na,0-94B,0,-Ni  983°C, 0.2l Atm. 0.134 niZh) 0.500
56 " go1°c, 0.21 Atm. 0.136 (NiZh) "
58 " n600°C, 0.21 Atm. 0.142 (NiZh "
. 2+
15Na,0-858,0,-Ni 983°C, 0.21 Atm. 0.154 (Ni') "

61

2 3



Table D1 (Continued)
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No. GL2B 1 GL2B 2 {(Mole/L) X (cm)
62 lSNa20—85B203—Ni 878°C, 0.21 Atm. 0.155 (Nid+) 0.500
63 " 801°C, 0.21 Atm. 0.158 (Ni’© "
64 " 709°C, 0.21 Atm. 0.160 (Ni°™) 0.500
. 2+
65 E 631°C, 0.21 Atm. 0.163 (Ni‘h) "
_ 2+
66 " n550°C, 0.21 Atm. 0.165 (Ni‘') “
.2+
67 " 458°c, 0.21 Atm. 0.268 (Ni‘T) "
68 25Na_0-758,0,-Ni 952°C, 0.21 Atm. 0.212 wih "
69 " 845°C, 0.21 Atm. 0.217 (Ni’* "
L2+
70 " 753°C, 0.21 Atm. 0.222 (Ni‘") "
2+
71 " 610°C, 0.21 Atm. 0.229 (Ni‘ ') "
L2+
72 " 426°C, 0.21 Atm. 0.234 (Ni°T) n
2+
73 35Na,0-65B,0,-Ni 952°C, 0.21 Atm. 0.213 (Ni') "
75 " 753°C, 0.21 Atm. 0.225 (NiZ¥) "
2+
76 " 610°C, 0.21 Atm. 0.233 (Ni®") "
.2+
77 " 428°c, 0.21 Atm. 0.241 (Ni‘) "
80 5Na,0-958,0,-V  (Q), 0.21 Atm.  0.348 (v 0.427
81 " 25°C, 0.21 Atm. 0.381 (V°1) 0.422
82 " (@, 107 atm. 0.100
83 " 250¢, 1072 atm. 0.0193 (V") 0.100
" " 0.1267 (Vo1 "
n n 0.0811 (V3+) "
54 *
84 15Na0-85B20,-V (@), 0.21 Atm.  0.390 (V) 0.453
5y *
" 25°¢, 0.21 Atm. 0.417 (vo7) 0.454

85



Tabld D1 (Continued)
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No. GLAB 1 GLaB 2 (Mole/R) X(cm) -
86 15Na,0-858,0,-V  25°C, 0.21 Atm.  0.410 w7 0.522
87 “ 25°c, 1072 atm. 0.41 (v 0.463
88 " 25°c, 102! am. 0.1157 (v*H) 0.458
" " 0.272 (v*H) “
89 24Na_0-76B,0,-V  (Q), 0.21 Atm.  0.432 wH* 0.439
90 24Na,0-76B,0,-V  25°C, 0.21 Atm. 0.444 W) 0.436
o1 " 25°c, 1072 am. o0.108 (v 0.444
" " 0.237 (v°1 "
92 322 0-688,0,-V (@), 0.21 Atm.  0.451 > 0.398
93 “ 25°C, 0.21 Atw. 0.470 (V- 0.395
94 v " " 0.536
95 1Na,0-998.,0,-V  875°C, 0.21 Atm. 0.3643 wh 0.500
97 " 865°C, 10 2" atm. 0.3643 Vo oear) "
98 " 867°c, 10 2 aem. 0.3643 Veoear) "
99 5Na,0-95B,0,-V  867°C, 1072 Atm. 0.3737 (Vyopar) "
102 25Na_0-75B,0,-V  403°C, 0.70 Atm. 0.393 wh "
103 35Na,0+65B,0,-V  928°C, 1072 atm. 0.4559 Vo oear) "
104 " 922°C, 0.70 Atm. 0.365 (V1) "
105 2Ma,0-988,0,-Co  (Q), 0.21 Am.  0.0573 co?h 0.485
106 2Na,0-98B,0.-Co  25°C, 0.21 Atm.  0.0645 (co?h) 0.472
107 5Na,0-958,0.Co (@), 0.21 Atm. 0.0607% (Co>F) 0.397
108 " 25°C, 0.21 Atm. 0.065 (Co-) 0.310
169 " 911°C, 0.21 Aatm. 0.0571 (Co°™) 0.500
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No. GLaB 1 GLAB 2 (Mole/R) X(cm)
110  5Na,0-958.0,-Co  742°C, 0.21 Atm.  0.0588 (o 2% 0.500
111 " 605°C, 0.21 Atm.  0.0604 (Co>™) "
112 " 482°c, 0.21 Atm.  0.062 (Co°™) "
113 " 370°C, 0.21 Atm.  0.0636 (Co>T) “
114 " 201°C, 0.21°Atm.  0.0654 (Co°) "
115  15Na,0-858,0,-Co  (Q), 0.21 Atm. 0.0691 (co?H)* 0.475
116 " 25°C, 0.21 Atm. 0.0744 (coh) 0.366
117 " 900°C, 0.21 atm.  0.0917 (Co’h) 0.500
118 " 770°C, 0.21 atm.  0.0938 (Co>¥) "
119 " 648°C, 0.21 atm.  0.0958 (Co°™) "
120 " 555°C, 0.21 Atm.  0.0968 (Co-') "
121 " 475°c, 0.21 atm.  0.1109 (Co°h) "
122 26Na0-728,0;-Co  (Q), 0.21 Atm. 0.691 (Cooh 0.455
123 " 25°C, 0.21 Atm. 0.0719 (co°H) 0.342
124 " 859°C, 0.21 Atm.  0.0642 (Co°') 0.500
125 " 774°C, 0.21 atm.  0.0655 (Co’™) "
126 " 626°C, 0.21 atm.  0.0676 (Co2h) "
127 " 565°c, 0.21 Atm.  0.0686 (Co°h) "
128 " 501°C, 0.21 Atm.  0.0691 (Co°) "
120  33Na,0-67B,0.-Co (Q), 0.21 Atm. 0.0773 (co°hH)” 0.475
130 " 25°C, 0.21 Atm. 0.0810 (co?h 0.296
" 0.0795 (Co®h) 0.500

131

858°c, 0.21 aAtm.
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No. GLAB 1 GLAB 2 (Mole/R) X (cm)
132 33Na,0-678,0,Co 773°C, 0.21 Atm.  0.0813 o>ty 0.500
133 v 686°C, 0.21 Atm.  0.0832 o’ "
134 " 628°C, 0.21 Atm.  0.0842 (Co 1) "
24
135 " 501°C, 0.21 Atm.  0.0863 (Co“ ') "
2+
136 " 417°c, 0.21 Atm.  0.0874 (Co°™) "
137 " 292°C, 0.21 Atm.  0.0878 (Co>T) "
' . 2+ *
138  10Na,0-90Si0,-Co (@), 0.21 Atm. 0.0505 (o< 0.330
2
139 " 25°C, 0.21 Atm. 0.0808 (Co - 0.310
*
140 15Na 0-855i0,-Co (Q), 0.21 Atm. 0.0941 (co2t 0.457
- : 2
141 i 25°C, 0.21 Atm. 0.0786 (Co M) 0.454
. 2y *
142 23Nay0-775i0,Co  (Q), 0.21 Atm. 0.0803 (Co”) 0.400
2
143 " 25°C, 0.21 Atm. 0.0843 (Co“™) "
24 .
144  32Na,0-685i0,-Co (@), 0.21 atm. 0.0827 (Co ™) 0.343
145 " 25°C, 0.21 Atm. 0.0871 (Ccoh "
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XIV. APPENDIX E: ABSORPTION SPECTRA OF TRANSITION

METAL IONS IN GLASSES



Figure El.

Manganese ions in silicate and borate glasses
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Figure El1 (Continued)
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