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ABSTRACT

FTIR spectraof Two CuO-Li,0-B,0, glass series have been analyzed. Thereisadecreaseinthefraction N, of four
coordinated boron with increasing the CuO content, at the expense of Li,O. A new technique has been presented to
make use of the N, data and follow the change in the fractions of Li,O and CuO. These fractions change markedly,

at different rates, with the glass composition.

INTRODUCTION

Metal boratesareof considerableinterest dueto
their rich structura featuresand they find extensivein-
dustrial use*s.

Copper ionshave strong bearing on el ectrica, op-
tical and magnetic propertiesof glasses. A large num-
ber of interesting studiesare available on the environ-
ment of copper ioninvariousinorganic systemg®7.

Copper isextensively used in several commercial
glasses, such as red glass hematite, aventurine and
rubbies. High CuO containing glasses areimportant
because of their semiconducting properties®® and
other potential applicationg**3, Copperionsexistin
two stableionic Sates, the divalent Cu**and monova-
lent Cu* ions, and may also exist as ametallic cop-
perl4,

EXPERIMENTAL TECHNIQUES
Two series of glass, of the formula xCuO.(30-

x)Li,0.70B,0, (0=<x<27.5) and xCuO.(40-
x)Li,0.60B.,0, (0<x<40), were prepared using high
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qudity H.BO,, Li,CO, and CuO. The glasses were
prepared under normal atmospheric conditionsby melt-
ing themixtureof raw materidsinporcdancruciblesin
an electric furnace at atemperature ranged between
950UC and 1150UC, depending on the glass compo-
gtion.

Themet was swirled frequently to insure the ho-
mogeneity. The melt was poured on steel platesand
then pressed by aceramic plateto form disksof 1to2
mm thickness. The discswere used for the measure-
ment of the electrical conductivity All the obtained
sampleswerevisualy homogeneousand someof them
transparent and the other opague. The glasses were
stored in adesi ccator until required.

Theamorphousnaureof thesampleswascontirmed
by X-ray diffraction investigations. A Bruker D8 Ad-
vance powder XRD wasused. Itistitted with a Vantech
Super Speed position sensitive detector and aCu Ka
X-ray tubewith aGoebel Mirror. Measurementswere
made over therange4° to 80° in 20-scale. X-ray dif-
fraction patternsof dl the studied glasses (not shown)
show only broad humpstypical of amorphous materi-
ds
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The FTIR absorption spectra were obtained at
room temperaturein therange 600-2000 cm™ using
Thermo Nicolet 1s 10 spectrometer with aspectral reso-
lution of 4 cmt. AKBr pell etstechniquewasused where
10 mgof each sampleismixed with 1000mgof KBrin
an agate mortar. From this stock, 200 mg were then
pressed into pelletsof about 13 mm diameter. The spec-
trum of each samplerepresentsan averageof 32 scans,
which wasnormalized to the spectrum of blank KBr
pellet; i.e. apure KBr spectrum was subtracted from
each glass spectrum. Also, the spectrawere corrected
to the background and dark currentsusing two- point
basdlinecorrection.

RESULT AND DISCUSSION

XCuO-(30-x)Li,0-70B,0, glasses
Infrared spectra of xCuO-(30-x)Li,0-70B,0,
glassesareshownin Figure(1). The spectraare char-

acteristicfor borate glassesmodified by dkali or ka
lineearth oxided*>18,

xCu0.(30-x)Li,0.70B,0;

Absorbance (a.u.)

2000

1800

1600 1400 1200

Wavenumber (cm'l)
Figure 1 : Normalized infrared spectra of xCuO(30-
X)Li,070B,0, glasses. Numbers at the plots refer to the

concentration of CuO (mol%).

1000 800 600

Themainfeaturesof IR spectraof such glassesare
the presence of certain absorption envelopesinthere-
gions~800-1200 cm* and ~1200-1600 cm?, in addi-
tionto asmaller peak centered at 700 cm. Bandsin
theregion ~800-1200 cm* are generally attributed to
B-O stretching vibration of BO, unitsinvariousborate
groups, like pentaborate, triborate and diborate
groups*®24, On the other hand, absorption bandsin

theregion ~1200-1600 c* arerelated to B-O stretch-
ing vibration of trigonal BO, unitsonly. Thelatter are
incorporated in various borate groups contai ning non-
bridging oxygenions such as metaborate, pyroborate
and orthoborate groups?>?3. The small band at 700
cmt isattributed to bending vibration of B-O-B insym-
metric BO, triangleg®!.

Marked changes are observed in the spectra of
XCuO-(30-x)Li,0-70B,0, glasses (Figure 1). Thefirst
oneisthedecreaseinthe areaunder the 800-1200 cmr
! envelopewhen replacing CuOfor Li,O. Thisbehav-
ior, which revealsadecrease in the concentration of
BO,-containing units. Onthe other hand, thereisan
increase of areaunder the peak centered at 700 cm'?
withincreasing CuO content. Thisreflectsanincrease
inthe concentration of symmetric BO, units. Boththese
changesreveal that CuO haslower ability to convert
BO, unitsinto BO, units.

Thespectrashownin Figure (1) can beused to get
thefraction N, of four coordinated boron atomsinthe
studied glasses. N, istheratio of the concentration of
boron atomsintetrahedra coordinationtothetota con-
centration of boron atomsintheglass. It can beca cu-
lated by determining the areaunder the absorption en-
velopesinthelR spectra. The areaunder an absorp-
tion peak isconsidered to be proportional to the con-
centration of structural units emerging it. The
deconvol ution technique used in*82+28 can be applied
toanalyzethelR spectraof the studied glasses.

Figure (2) showsthat thereisapronounced linear
decrease in N, when increasing CuO content in
XCuO-(30-X)Li,0-70B,0, glasses. Thiscan mainly be
due to the difference in N, values of the glasses
30Cu0-70B,0, and 30Li,0-70B,0,. TheN, value of
theglass30Li,0-70B,0, presented in Figure (2) agrees
well with the values obtained by various investiga-
torg?"28, Dueto the presence of two oxidesthat can
modify the borate network by converting symmetric
BO, trianglesinto BO, unitsand forming asymmetric
BO, units, N, of xCuO-(30-X)Li,0-70B,0, glassescan
be expressed by
N4 = N4(Li)+ N4(CU)‘ oy
Here,N, isthepart of N, that resultsfrom modifying
the borate network by Li,O and N ) isthat results
from modification by CuO. SinceN,, andN, ., de-
pend, respectively, onthe content of Li, O and CuO,
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Figure2: Thefraction N, of four coor dinated boron atomsas
afunction of CuO content in xCuO(30-x)Li,070B,0, glasses.
Thesymbol (O) r epresentsexperimental data obtained from
deconvoluted infrared spectra. The symbol (@) refersto
calculated values obtained from equation (5).

equation (1) can berewritten as

N4 = fLiCLi + fCuCCu )
whereC ; isthemolar fraction of Li,Ointheglassand
f .isadimensionlessfactor relatedto Li,O. C_ andf_,
arethe corresponding parametersfor CuO. The equa
tion of thefittinglineof N, datainFigure(2) is

N, =-0.0057x + 0.3762 ©)

Thisequation can be used to get avalue of 0.205
for N, of the composition 30CuO-70B,0O,, which de-
vitrifiesunder the conditions of glass preparation used
inthe present study.

Equation (2) can be solved s multaneoudy for two
adjacent compositions, using N, valuesfrom equation
(3),togetf andf_ . Figure(3) indicatesthat f_ andf
do not changefor al CuO contents, wheref  =1.254
andf_,=0.684. Thesevauesreved that, inthestudied
glasses, the contribution of Li,Oto N, ismostly twice
that of CuO. The constancy of f  reveals that the
composition of the borate matrix modified by Li.,Ois
independent onthe CuO content. Thiscomposition might
bethat of thestart glass, i.e. 30Li,0-70B,0,. Asimilar
conclusion can be considered for the borate matrix
modified by CuO, which might be 30CuO70B,0,in
all glasses. This leads to assume that the studied
XCuO:(30-x)Li,0-70B,0, glasses can belooked asa
mixture of two matrices, each of which contains 70
mol% B,0O, regardlessthe CuO content. It followsthat
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Figure3: Changewith CuO content of f , andf_ for xCuO(30-

X)Li,0 70B,0, glasses.

N, of aglassof thestudied seriescan begiven by
N, =N, 1 Faoi * Nusocw F (4)

4(30Li)' 30Li 4(30Cu)’ 30Cu

whereN istheN, valuefor 30Li,0-70B,0, ma-

. 4(30Li) T _ i
trixandF,, , isitsfractionintheglass. N L aoc andF,.,

arethe corresponding parametersfor 30CuO-70B,0,

matrix. Using N,zo = 0-376 and N,zocy = 0-205
(equation 3), N, valuesof thestudied glassesaregiven
by

N, = 0.376[(30-x)/30] + 0.205(x/30) (5)

The symbol (@) in Figure (2) represents N, values
obtained from equation (5). The agreement with the
experimentd datasupportsthe assumptionthat thestud-
ied glasses are composed of a mixture of
30Li,0-70B,0, and 30Cu0O-70B,0O, matrices. The
changein N, isrelated to the changeinthefraction of
eachmatrix intheglass. Intermsof themolar fraction,
equation (5) can bereformedto

N, = (0.376/0.3)[(30-x)/100] + (0.205/0.3)(x/100), ~ (5.3)
or
N, = 1.523[(30-x)/100] + 0.683(x/100) (5b)

This form is equivalent to equation (2), where
f =1.523, C =[(30-x)/100Q], f_=0.683, C_=(x/
100). Asisreveded, thevaluesof f  andf_ inequa-
tion (3.14b) arethe same obtai ned from solving equa-

tion (Figure?2).

From equations(1) and (2) it isconcluded that
N4(Li): CLi fLi (6)
and

N4(Cu) = CCu fCu. (7)

Figure (4) showsalinear decreasein N i) anda

linear increaseinN L whenincreasing CuO content.
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Theseare expected features, in thelight of the constant
valuesof f , andf_ and thedecreasein concentration
of Li,Owhenincreasing CuO content. Asshown, the
magnitude of rate of changein N -~ islower than that
of Ny Thisisbecause of thelower valueof f_ with
raspect tothevalueof f . N i and N G values ob-
tained from equations (6) and (7) canbeusedtoobtain
the portions (molar fractions) of Li,O and CuO that
formBO, units. Thesearegivenas

0.6

05 r

0 5 10 15 20 25 30
CuO( mol%)

Figure 4 : Change with CuO content, of the N, fractions

(N and N, ) created, respectively, by Li,O and CuOin

xCuO(3O x)L| O 70B,0, glasses.

CLi(B4) = N4(Li) CB ®
and

CCu(B4) N4(Cu) CB (9)

Intheserelations, C ., and C_,,,, refer, respec-
tively, tothemolar fraction of Li,Oand CuO consumed
intheconversionof symmetric BO, unitsto BO, tetra-
hedra. C, isthemolar fraction of B,O, inglass. The

rest of Li,Oisassumedto form asymmetric BO, units

(NBOs) and can begiven by
CLi(as) = CLi - .CLi(BA) ) ) ] (10)
whereC,  isthemolar fraction of Li,Oforming asym-

metric BO, units. Therest of CuOiswouldformasym-
metric BO, unitsand it can begiven by

CCu(as) = CCu - CCu(B4) (11)
Here C_,, refersto the molar fraction of CuO that
formsasymmetric BO, units(NBOs). The concentra-
tion of residual symmetric BO, units(C,, ;) canthenbe
obtained as
Cyy =C,- (C

B(s)

] Li(B4) + CCu(B4)) - (CLi(as) + CCu(as)) (12)
Figure (5) presentsthe dependence on CuO con-
tent of thestructural species proposed to bein the stud-

ied xCuO-(30-x)Li,0-70B,0, glasses. Thereisalin-
ear decreaseinC ., ad C . - withincreasing CuO
content, whichisattributed to the decreasein concen-
tration of Li,O content. In addition, thereisalinear
increaseinC,,, ., and C ,  uponincreasing the CuO
content. Aswould be expected, CB(S) doesnot change
with composition because of the constant modifier ox-
ide concentration (30 mol%) in all xCuO-(30-
X)Li,0-70B,0, glasses. It is noticed that the magni-
tude of therate of changefor C . 4 isgreater than that
for CCu By’ whileitislower for C , . thanfor CCu(as)
Again, the&di fferencesarerdated tothedifferencein
N, values of the glasses 30CuO-70B,O, and
30Li,0-70B,O,. Thetrendsof C, jandC,, inFig-
ure(5) refersto thehigher ability of CuOtoform NBOs
inCuO-B,0, glassesthan canbedoneby Li,OinLi,O-
B,O, glasses.
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Figure5: Molar fraction of, respectively, Li,O and CuO that

form BO, tetrahedra (CLl(B4) Cu(84)) and asymmetnc BO,
units(C

Liag’ CU(as) asafunction of CuO content in xCuO(30-
X)Li,0 70B,0, glasses. Cos referstothemolar fraction of
symmetric BO3units

xCuO-(40-x)Li,0-60B,0, glasses

Theinfrared spectraof xCuO-(40-x)Li,0-60B,0,
glassesare presented in Figure (6). Themain features
of the spectra resembles those of xCuO-(30-
X)Li,0-70B,0, glasses (Figure 1). There are three
marked absorption regions centered at 700, 1000 and
1400 cmrt. The position of thefirst one seemsto be
independent of theglasscompasition. Incontrary, There
isashift inthe center of thelast envel opefrom 1400

Au Tudian Yourual



MSAIJ, 11(2) 2014

M.Nasher et al. 55

cm* for theglass40Li,0-60B,0,to 1375 cm™* for the
glass40CuO-60B,0,. The envel ope centered at 1000
cm* (for theglass40Li,0-60B,0,) becomes shallower
withreplacing CuOfor Li,O. Itscenter can not beiden-
tified at the higher CuO contents. bandsin theregion
~800-1200 cnr arerelated to B-O stretching vibra-
tion of BO, units in various borate groups, like
pentaborate, triborate and diborate groups*®?U. The
absorption bandsin theregion ~1200-1600 cm* are
attributed to B-O stretching vibration of trigona BO,
unitsonly. Thelatter areincorporatedin variousborate
groups contai ning non-bridging oxygen ionssuch as
metaborate, pyroborate and orthoborate groups 2.
Thesmd| band at ~700 cm isassumed to beduebend-
ing vibration of B-O-B insymmetric BO, triangles®.

xCu0.(40-v)L,0.60B,0,

Absorbance (a.u.)

2000 1800 1600 1400 1200

Wavenumber ( cm'l)
Figure6: Normalized infrared spectraof xCuO(40-x)Li,0

60B,0, glasses. Numbers at the plots refer to the
concentration of CuO (mol%).

1000 800 600

The successivedecrease of therelativeareaunder
theenvel ope centered at 1000 cm* reflectsadecrease
intheconcentration of BO, unitswithincreasing CuO
content. Thisispresentedin Figure(7) that showsthe
change of thefraction N, of four coordinated boron
atomsasafunction of CuO content. N, valuesare ob-
tained by applying the deconvol ution technique de-
scribed elsewhere®2l, The linear decreasein N, is
consstent withthevauesfor theend compaositions. The
N, value of the glass40Li,0-60B,0, equalsto 0.46,
which agreeswdll with literature NMR data?”?. The
equation of thefittinglineof N, datain Figure (7) is
N, =-0.0051x + 0.4768 (13)

N, data obtained from thisrelation could be used
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Figure7: Thefraction N, of four coordinated boron atomsas
afunction of CuO content in xCuO’”(40-x)Li,0°”60B,0,
glasses. The symbol (O) represents experimental data
obtained from deconvoluted infrar ed spectra. Thesymbol (4)
refer sto calculated valuesobtained from equation (15). The
error limit for the experimental dataistaken as+5%. The
lineisafitting plot of the experimental data.

to solveequation (2) smultaneoudy for f  andf_ . Fig-
ure (8) showsthat both factorsare constant over dl the
composition change, wheref . =1.192andf_ =0.682.
The latter is mostly the same for xCuO-(30-
X)Li,0-70B.,0, glasses (= 0.684). On the other hand,
f . is relatively lower than that for xCuO-(30-
X)Li,O-70B,0, glasses (= 1.254). Thelower value of
f . for xCuO-(40-x)Li,0-60B,0, glasses can be be-
causetheglass40Li,0-60B,0, hasthemaximumN,
vaueamongall Li,O-B,O, glasses® .

Inana ogy to equation (4), Thefraction of four co-
ordinated boroninxCuO-(40-X)Li,0-60B,0, glasses

20

¥Cu0.(40-¥)Li,0.60B,0,

fu

08 f ‘C'\l

04 f
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Figure8: Changewith CuO content of f , andf_ for xCuO(40-

X)Li,0 60B,0, glasses.

— Pt icly Science
ﬂaVMnW



56 Role of CuO and Li,O in CuO-Li,0-B,0, glasses

MSAIJ, 11(2) 2014

Full Poper =

canbegivenby
N4 = N4(40Li)F4OLi + N4(4OCu)F4OCu (14)
whereN,, , istheN, valuefor 40Li,0-60B,0, ma-
trix and F, . isitsfraction in the glass. N, aocy and
F,.c, @€ the corresponding parameters for
40Cu0O-60B,0, matrix. Equation (13) givesN,=0.477
for the glass 40Li,0-60B,0, and 0.273 for the glass
40Cu0-60B,0,. Thesevalues can beusedin equation
(14) to calculate N, of xCuO-(40-x)Li,0-60B,0,
glassesas
N, = 0.477[(40-x)/40] + 0.273(x/40) (15)

Theobtained N, values, presented in Figure (7),
arein good agreement with the experimental va ues.
This agreement indicates that xCuO-(40-
X)Li,0-60B,0, glasses can belooked as mixtures of
40Li,0-60B,0, and 40Cu0O-60B,0, matrices. As
equation (15) reved s, xisthe solevariablethat deter-
minesN,.

By comparingthelast relation with (1), it appears
thet

N, ,= 0.477[(40-X)/40] (16)
and
N, . = 0.273(x/40) (17)

4(Cu)
Theserelationsshow that, withincreasing x, there

would bealinear decreasein N, and aincreasein
Nycy: Thesechangesare presentedin Figure (9), where
itisalso shown that the magnitude of rate of changein
N,y islowerthanthat of N, . Theseeffectscanbe
attributed to the lower value of f_ with respect tof ,
and, in turn, the difference in N, values of
40Li,0-60B,0, and 40Cu0-60B,0, matrices. Values
of N, , and N, obtained from equations (16) and
(17) can be used to determinethe rel ative concentra-
tion of various speciesin xCuO-(40-x)Li,0-60B,0,
glasses. Inthese glassesthereare BO, and asymmetric
BO, unitslinkedtoLi or Cuions, in additionto sym-
metric BO, units.

Figure (10) show themolar fraction of these spe-
C?IeS (CLi(B4)’ CCu(B4)’ CLi(as)’ CCu(as) and CB(s)) asafunc-
tion of CuO content. These quantities have been ob-
tained from equations (8 — 12), respectively. The gen-
eral features in Figure (10) resemble those for
XCuO:(30-x)Li,0-70B,0, glasses (Figure 5). There
isalinear decreasein C,, and C . due the de-
creasein Li,O content. In contrary, C,,, andC
increaseinalinear manner withincreasing the concen-
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Figure 9 : Change with CuO content, of the N, fractions
(NMU) and chU)) created, respectively, by Li,O and CuOin
xCuO(40-x)Li,0 60B.0, glasses.

tration of CuO. In Figures (10) and (5) CB(S) isinde-
pendent on CuO content, sinceit dependson thetotal
concentration of modifier oxidethat remains constant
ineachglassseries.

0.40
xCu0.(40-x)L1,0.60B,0;
035
0.30 [- Criy
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Figure10: Molar fraction of, respectively, Li,O and CuO
that for_m BO, tetrahedra (CU(BA), QCU(B4)) and awmmetr_m
BO, units (C C. ) asafunction of CuO content in

Li(as)’ —Cu(as

xCuO(40-x)Li,0 60B,0, glasses. CB(S) refersto the molar
fraction of symmetric BO, units.

Figures(10) and (5) indicatethat CuO hasgreater
tendency to form asymmetric BO, unitsthanLi,O. In
contragt, thelatter hashigher ability toform BO, units.

CONCLUSION

Infrared spectroscopy can be used to get quantita-
tiveinformation about the contribution of both CuO and

Watariosy Stience  mm—.
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Li,O to the structure of CuO-Li,0-B,O, glasses. A
decreasein N, withincreasing CuO content, at the ex-
penseof Li,O, inthestudied glassesrevedsthat CuO
hasgreater tendency to form asymmetric BO, unitsthan
Li,O. Incontrast, thelatter has higher ability toform
BO, units.
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