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ABSTRACT

Electronic transitions and the oxidation state of Cr ions have been investi-
gated intwo complexes (CrCl.,.6H,0 and Cr(NO,),,.9H,0). These complexes
were dissolved in (water and ethanol) and doped in silica using sol-gel
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technique. Themolar ratio of TEOS: H,O: Ethanol is1:10:15.3with pH vaue
=1 at 60°C. The Racah parameter (B), ligand field strength (A) and
nephelauxetic ratio f= B/B_ has been calculated for Cr** ionsin solution,
Sol and Xerogel. The sampleswere heated with temperaturesranging from
60 to 600°C. The UV-visible spectraindicated that, during the increase of
heat treatment, there is a change in the chromium speciesfrom Cr®* to Cr*
and Cr*. The conversion of Cr® — Cr5 was promoted for the samples of
concentrations> 10 M whilethe conversion of Cr¥* — Cr* was promoted

for the samples of concentrations < 10°M
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Thesol gd technol ogiesweredevel oped during the
past 40 years as an alternative for the preparation of
glassesand ceramicsat considerably lower tempera-
tures. Theinitid system representsasol ution wheredif-
ferent polymeri zation and polycondensati on processes
lead to the gradual formation of the solid phase net-
work™2, Thefirst row transition metdl iong® have been
utilizedfor thispurpose. Thestabilization energy of Cr3*
ionisamaximum inthespecifictypeof octahedrd sym-
metry environment, which can be described asaregu-
lar octahedron possessing acentre of inversion. The

strength of thecrystd field, A (10Dq), ischaracterized
by theenergy differencebetweenthe*A, and ‘T, states.
Figure 1isthe Tanabe-Sugano diagramfor Cr¥*which
isvery well known by spectroscopists®.
Thechromeionsarevery interestingfor optica spec-
troscopy and laser physics®l. For example, Cr¥*inin-
organic glassesisused asan activemediumfor tunable
solid statelaserg®, and sengitizersof Nd-laser!™. Cr&*8l
and Cr&® have a so been shown to be luminescent
even at room temperaturewhich might beinteresting
for tunablesolid satelasersinthevisblerange. Chrome
ion has beenincorporated inthe SiO, network follow-
ingasol-gd routine. Severa optical spectroscopic stud-
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iesinthisfield have been reported®*2. Themainam of
thisstudy isto investigate thee ectronic transtions(d-
lowed and forbidden) of chromeionsampleswhichwere
prepared by sol gel techniquein different concentration
and different phases: solutions, sol, Xerogel usng UV
absorption spectra, FTIR, and magnetic susceptibility
techniques. And findly to verify isthechromeions co-
operatedinsilicanetwork at different annedling tem-
peratures.
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Figurel: TheTanabe-Suganodiagram showingener gy lev-
elsE/B of the Cr3+ion in an octahedral crystal field asa
function of thecrystal field®.

EXPERIMENTAL PROCEDURE

The flow chart of the preparation of samplesis
showninFigure2.

The spectroscopy study requiresbasicaly transpar-
ent and free crack samples, so that many samplespre-
pared with different sol gel parameters{ R-molar ratio,
pH, ageingtemperature T} at different concentrations.
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Figure2: Theflow chart of theoverall processof preparing
Xerogel

Different R-molar ratios, of alkoxide/water, (2, 5,
10, 24.7 and 61.8) were used at specific pH, ageing
temperature (T) and concentrations. In thiswork the
R-molar ratioswhich achieve the aboverequirements
were (2, 5, 10) whiletheother higher valuesof R gave
opague X erogd samples. Thismay beattributed to the
increase of the chance of condensationwhich produces
less cross-linked samples. We have adopted theratio
10amongthemtoget minimumgelingtime. Toget more
exact valueof R the chromium saltsweredissolvedin
ethanol instead of water. The pH value has been nor-
malized to unity because of two reasons.
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Firstly; inorder to get amaximum transparency,
sincetheother samplesbecame semi opague and the
samplesbecametotally opaquefor pH > 4.

Secondly since the Cré* — Cr®" conversion pro-
ceedswith thedecreasing of pH value*® and we pre-
ferred that Cr* ionto be present rather than other oxi-
dization statesof Crions. Theageing temperature has
been chosento be 60°C to get optimum polymerization
withminimum gellingtime. Sotheoptimumvauefor R,
pH and T which were adopted in thiswork are 10, 1
and 60°C respectively. N, N dimethayl formamide
(C,H,NO) was used in this work as drying control
chemical additive (DCCA). In our study, saturation
occursat concentration> 10 M. At concentration <
10 M, theforbidden transitions have never been ob-
served. Hencethe Cr 3" concentrationsadopted inthis
work were (101-10%) M. All theemployed concentra:
tionswereincreasing tentimes after drying to 600 °C
dueto shrinkage. The absorption spectraat roomtem-
perature were measured using double beam UV-
1650PC Spectrophoto-meter supplied by Shimadzu
Corporation (Kyoto, Japan). And infrared absorption
spectra, in the range of 400 to 1200 cm* measured
using FTIR spectrophotometer (modd IRPRESTIGE-
21, supplied by Shimadzu). Themagnetic susceptibility
has been al so measured by using Magnetic Suscepti-
bility Balance(model MSB-MK1).

RESULTSAND DISCUSSION

Theabsorption spectraof Cr (NO,),.9H,0inH,0
for different concentrationsareshownin Figure 3.

Theobservedtransitionsin these spectra are(t°,)
4A2g — (tzzgeg) 4T2g denoted as (v,) at 576 nm (= A),
transition (t32g) 4A2g — (t22g eg) 4T1g denoted as (v,) at
412 nmand another UV band at 307 nmwhichmay be
attributed to the chargetransfert4.

Theweak shoulder observed at ~ 670 nm appar-
ently correspondsto the spin forbidden transition 4AZg
— ’E asillustratesby doted arrow in Figure 3.

Thethird Cr** dectronictrangtionis(v ) (t3zg) 4Azg
— (t2g e?) 4T1g (p), it can bepredicated using Lever’s
method ™ to be at ~ 40798.4 c* (245nm). Thistran-
sitionisnot noticeclearly in Figure 3, because of its
very wesk intensity, which may beattributed toitsna-
ture, whereit isbelong to thetwo electron jump.
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Fgure4illusrateamagnified view of figure 3, where
the peak absorbance of (v ,) can be seen noticeably
whichisaround 245 nm at concentration of (1x 102
M). When theion concentration increasesared shift
occur intheposition of the peak, dueto concentration
effect. The congruency between the theoretical and
experimental valueof the peak position (245 nm) may
giveusgood insight about the optimum value of con-
centration of Crionsinthestarting recipeyielding best
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Figure 3: Theabsorption spectra of Cr3*in solution of Cr

(NO,),.9H,0 dissolved in water for different molar concen-

trations.

Cr* solution.
All other peaks have negligible shift with concen-
tration.
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Figure4: Thetransition (v,) of Cr (NO,),.9H,0 dissolved in
water.
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Fromfigure5and TABLE 1 onecanseethat; at a
fixed concentration (10-* M) and starting from chro-
mium nitrateiondissolvedinwater.
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Figure5: Illustrate a comparison between the absor ption

spectraof Cr *intwocomplexesin water and ethanol at con-

centration of 101 M.

Theabsorption peaksaredightly red shifted when
the solution changed from water to ethanol, which may
ascribetothedecreasingintheligandfield strengthin
ethanol compared to that in water. Whereas, thereare
large shiftsoccur in the case of chromium chloride at
the same condition, thismay indicatethat, ligandsgen-
erating astronger ligand field going from chlorideto
nitrate. Onepossibleexplanation to thisbehavior isthat
thenarrowing of ionicradii from Cl to NO, causesthe
bonding between theligand and the metd central ionto
incressein strength of thefiled.

TABLE 1 : The electronic transitions of Cr® ion in
CrCl,.6H,0 complex solution

Transitions In water In ethanol
A (nm) A (nm)
(t32g )AAZg - (t32g)2Eg 671 700
- (t329) 2T1g ............
— (o) *Tag 590 645
- (t) Ty ——
— (tg8y) “Tag 420 459
= () TP e
(Belongto Cr®) 368

Accordingtothev, valuesinthetwo complexes,
the results confirm that the spectrochemical series of
NO,> Cl whichisobvious®.

Theintengty of both pesksin ethanol solvent sample
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ishigher than that in water solvent samples. Thismay
be attributed to the deferencein the pol arity of thetwo
solvent.

There is another weak band appears at 368 nm
(27173.9 cm?), only in the sampl e of chromium chlo-
ride dissolvein ethanol. The presence of thisband to-
gether withthoseat (640 nm & 460 nm) could be at-
tributed to the presence of Cr*6 together with Cr3*.

In genera, thepolarity of the solvent of Cr sdltin
the sol gel processisplaying asignificant ruleonthe
starting materia oxidation state and increasing the ab-
sorption cross section.

Theabsorption spectraof the Sol phasewhichwere
carried out after one hour of mixing, confirm that the
trangitionsaresimilar to that of solution except that the
absorbance hereislower. Thismay dueto thereduc-
tioninthe Cr® ionsconcentration, because of theaddi-
tion of (TEOS, H,0, C,H,OH, HCl and C,H.NO)
beside H,0 and C,H_OH which are produced during
the condensation process as a byproductsin sol-gel
process.

All the absorption peaksin sol areblueshifted com-
pared to that in ethanol solution and red shifted com-
pared to that of water solution. Thismay beattributed
to therelaxation because of dilution effect.

Theobservedtransitionsof Crionin CrCl,.6H,0
and Cr(NQ,),.9H,0 for Xerogel samplesat 60 °C af-
ter 5daysaresummarizedin TABLE 2.

TABLE 2: Theedlectronictransitionsof Cr3 in Xerogel

Transitionsfrom nitrate Chloride
(tszg) 4A29 A nm A nm
- (%) ’Eg 691 692
- (t%9) “Tig 632 630
— (%268 Tag 595 600
- (29 *Tog 465 472
- (o) Tig 420 422

—>(t29€gz) Ti(P)
Thetrangtionsin Xerogd aremoreobviousthanin
solutionandin Sol. The absorbanceincreases after 12
daysof drying at 60 °C, which may be attributed to the
increase of the concentration dueto the solvent evapo-
ration.
Thereisdsoalittlered shift intheabsorption pesks.
TABLE 3 givesthe Racah parameter (B), ligand
field strength (A) and nephelauxeticratiop=B /B,
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which have been calculated for Cr3* ionsin solution,
Sol and Xerogel.

TABLE 3: Somemeasured & calculated spectr oscopic pa-
rameter of Cr compounds

CrCl;.6H,0

H,O Ethanol Xerogel
vyom?t 16949 15503 16666
v, cm? 23809 21786 23697
B(cm™) 689 631 7167
? /B 24.61 24.57 23.26
B=B/B 0.750 0.687 0.7801

Cr(NO3)3.9H,0
vyem?t 17361 16949 16807
v, cm? 24272 23753 23810
B(cm™) 690 681 710
? /B 23.26 24.88 23.66
B=B/B 0.752 0.742 0.774

Where B is Racah parametersfor gaseousion =918 cm*for Cr*3

One can noticefrom thistablethat B has a maxi-
mum vaueinthe Xeroge and thismay meanthat there
isareduction in the covalence bonding between Cr*3
ion and theligands. The e, electronswill become
anti-bonding and will therefore spend someof their time
near theligands.

Whilethet, y €l ectrons may becomer bonding or
anti-bonding (depending upon thenature of ligands) and
will aso spend sometime near the ligands. In other
wordsasmall amount of the and « electron density
onthemeta may betransferred onto theligands. Such
del ocalization will increasethe mean distance between
the d electronsand thereby reducing B. Central field
covalency perhaps contributes the major part to the
reduction of B intransition metal complexes. We be-
lievethat, thisbehavior may giveevidencethat Cr*ion
formsbondsintheslicanetwork, yielding aweakness
inthe bond between Cr3* ion and theligands. To con-
firm the above conclusion we have measured the FTIR
absorption spectraof thesampleswhich havebeendried
for 12 daysat 60 °C as shown in figure 6.

The appearance of the bands at ~ 550 and 650
cmsupport our conclusion. Sincethese bands have
been observed by othersand were ascribedto Cr3*in
Cr,0M.

Theabsorption spectraof Cr nitrateat concentra-
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Figure6: FTIR absor ption spectraof pureand theCr nitrate
sampleswhich havebeen dried for 12 daysat 60°C, 150 °C
and 600°C.

tion (2x10M) for solution and Xerogel sdried at 60,
120 and 600 °C are shown in Figure 7.

Thisfigure showsthat; at 120 °C the absorption
band at about 400 nm startsto diminish dueto the oxi-
dation of carbonincorporated to the X erogel network.
And gpproximately at about 200 °C the absorption band
~ 600 nm beginsto diminish too.

Whereas, up to 200-250 °C the number of de-
fectsisincreasing dueto thecarbon impurity incorpo-
rating in the structure during the drying process of the
gelsforming (-O-C -O-) and/or (- Si - C-) bondg?.

When the temperature increases to 600 °C, the
sampl e became orange-red and transparent and the ab-
sorption band at about 600 nm, whichisassigned to
Cr3*Figure (7, 8), as well as the 550 and 650 cm'?
Figure (6)bands are completely disappeared. There-
fore; thechromiumions Cr® may be converted to Cré
(dichromateion Cr,0.?).

Thisindication could be confirmed by themeasure-
ment of mass susceptibility (Xg) of thesampleusing
Magnetic Susceptibility Balance®®. Theresult of this
test confirmsthat thismateria isdiamagnetic. In other
wordsthed ectron configuration of thisionis3d°, which
belongsto Cré*.

Further proof can be achieved by FTIR measure-
ments, as shown in Figure 6, where two absorption
bands appeared at ~ 700 and 900 cm'?, of the samples
dried a 600 °C. These bands were assigned to Cr,O.*
(19, While thebands at ~ 550 and 650 cm* which be-
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Figure7: Theabsor ption spectraof Cr*in Cr (NO,),.9H,0
(2x102M) for different temperatures

longto Cr* in Cr,O, disappeared. Thisgivesfurther
evidencethat Cr3* ions have been converted to Cr®*.

Whereas the appearance of the band around 919
cmt, whichisassigned to thebridging Cr-O-Si stretch-
ing bond*¥, gives a support that the Cr ions are not
capturing insidethe pores, but they have been incorpo-
rated intheslicanetwork viasol gel procedure.

Figure 8 Shows the absorption spectra of Cr
(NO,),.9H,0in Xerogel at concentration of (10°M)
dried at 60, 120 and 600 °C. There are two absorp-
tion bands at ~350 and at ~ 450 nm which arisedueto
theformation of Cr®*. Theorigin of thebandsat ~350
nm and ~ 450 nm were related to the splitting of the
energy level 2D of the Cr**intheoctahedrd crysd field
intotwo levels: theground state °T, level and the ex-
cited state’E level [10, 20].

Duetolow symmetry component of the distorted
crystal field, theE statemay further split givingriseto
the absorption bands at ~ 350 nm and ~ 450 nm.

However, it hasbeen also argued that the origin of
these two bands is due to the transition T, — °E of
Cr5* but intetrahedral sites®. Similar resultshave been
obtained for CrCl_.6H.0.

The conversion of Cr3*— Cr® was promoted for
the samplesof concentrations> 103 M (seefigure7)
whilethe conversion of Cr3* — Cr** waspromoted for
the samples of concentrations< 10*M (seefigure8).

So thestarting Cr ion concentrationisthe essential
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Figure8: Theabsor ption spectra of Cr13inCr(N03)3.9HZO
Xerogel (10°M) for different temperature

factor which may identify theoxidation stateof thefina
product inthesol gel routine.

The measured XRD verify that, as expected, al
prepared sampl e keep their amorphous structure, in-
cluded the samplesheated to 600 °C.

CONCLUSIONS

The presence of Crionsin Xerogel samplesde-
pendsonthefina pH of the sol and theannealing tem-
peratures. Theligandfied strength (A) for chromiumin
slicanetwork wasfound to beintermediate, hencethe
spectrochemical seriesisA 0 > A, . > Ag,.,-And
thenephelauxeticratio B was found to have a maximum
valuein Xerogel. Cré* isthe preferable oxidation state
of thechromiumion uptoannedingtemperaturesaround
200°C. Theabsorption peak around 600 nm, whichis
assigned to Cr*, beginsto diminish abovethistem-
perature. Theoxidation states of thechromium, which
were obtained after annealing to 600 °C, were found
to depend on chromium concentration. So, in the
present work, for the samples of concentrations= 10
3M, the Cr®* isthe preferabl e oxidation state, whilefor
concentrations> 10°3M, the Cr¢* isthe preferable Sate.
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