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Birgo ¢okdiirma metodu ila bir sira kobalt-xrom asash layl ikili hidroksidlor (CoCr-
LIH) sintez edilmis, alinmis niimunalarin kristal quruluslar: va optiki xassalori miivafiq olaraq
Rentgen Difraktometri (RD), Ultrabanévsayi va Infraqirmizi spektroskopiya ila tadqiq edilmis-
dir. Miiayyan edilmisdir ki, otaq temperaturunda va pH = 12 oldugda CoCr-LIH-inin kristal-
lagmast daha yaxsi getmis, hissaciklorin orta olgiisii otaq temperaturunda 3.79nm, 90°C-da
4.17nm vo 100°C-do isa 2.93nm olmusdur. Difraktometrdon alinan naticalora géro miihitin pH-
1 asagi oldugda (pH=~8) va reaksiyaya daxil olan Co**va Cr'tionlarimin nisbati 1:1, 1:3, 1:5,
3:1 va 5:1 gotiiriildiikda o va f Co(OH), va Cr(OH)s;-a uygun difraksiya miisahida edilmisdir.

Acar sézlari: CoCr-LiH; optiki vo qurulus xassolori, reaksiya parametrlori

Layl ikili hidroksidler (LiHlor) ion radiuslar1 yaxin olan ikivalentli vo
ticvalentli metallarin birgo hidroksidlori olub layl kristal qurulusa malikdirlor.
Hidrotalsit sokilli tobagali nanogillor kimi taninan bu birlosmalar katalizatorlarin
[1], elektrik [2], optik [3], funksional [4], odadavamli [5] vo yangini1 gecikdiron
[6] materiallarin hazirlanmasinda genis totbiq olunur. LIH-lorin qurulusu brusit
adli Mg(OH), tobii birlogmoasinin kristal qurulusuna oxsar qurulusda olub iki-
valentli metallarin bir hissosi ligvalentli metallarla avoz olunaraq tabagolori “+”
yiiklonmisdir. LIH-lorin iimumi formulu MY M (OH),q425 (A™™),, + xH,0 ki-
mi yazilir. Burada M" vo M™ ion radiusulari magneziumun ion radiusuna ya-
xin olan ikivalentli vo tigvalentli metallarin kationlaridir, A™ iso layh ikili hid-
roksiddos laylar arasi1 anionlardir [7]. Toboagali vo layli quruluslu materiallar lay-
lar daxiline miixtalif ion vo molekullarin daxil edilmasine gore cox shamiyyatli
birlosmolordir. Daxil edilon maddoslor qaz molekullari, kation vo anionlar, tizvi
birlosmalar vo hamginin polimerlor ola bilar. Polimer makromolekullar1 LIH-
lora daxil edildikdo LIH-lorin toskil olundugu ikili hidroksid tobaqolori arasin-
dak1 masafoni polimerdon vo metoddan asili olaraq genislondirmak (~0.2 nm-
don ~2-5nm-o kimi) miimkiindiir. S6zsiiz ki, mosafolor arasindaki Van-der-
Vals qiivvolori zoiflodikco miistovi hidroksid tobogolor miistoqil voziyyoto
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kecocokdir. Texnoloji parametrlori tonzimlomoklo tobogoalori miioyyon mosafo-
ds saxlamaq miimkiindiir.

Kobalt torkibli geyri-iizvi nanobirlogsmolor: Co3;04, LaCoOs, CoFe-LDH,
NiCo-LDH va s. oksigenin yaranmasi reaksiyalar {i¢lin ¢cox oshomiyyatli katali-
zatorlardir [8-11]. CoCr-LIH torkibli nanovaraqlor adobiyyatda oksigenin ya-
ranmasi reaksiyalarina katalizatorlar kimi totbiqi arasdirilmisdir [12]. Miiayyan
olunmusdur ki, CoCr-LiH nanovaraglorinin xiisusi soth sahosi yiiksok oldugun-
dan (151.78m’g™") kobalt torkibli bir ¢ox niimayondalorin katalitik aktivliyini
tistoloyir [12]. CoCr-LiH-inin, hatta kommersial RuO, katalizatorundan yiiksok
potensial soth sahosino goro daha {istlin katalizator oldugu gostorilmisdir [12].
CoCr-LIH-larinin sintezi vo miixtolif sahalors totbiqi ilo bagli odobiyyatda mo-
lumat az olmagqla yanasi reaksiya parametrlorinin qurulus va optiki xassalorino
tosiri genis todqiq edilmomisdir. Isin osas moqsadi kobalt-xrom asasl layl ikili
hidroksidlori reaksiya parametrlorini doyismaklo birge ¢okdiirme metodu ilo
sintez etmok, pH-dan, reaksiyanin temperaturundan vo reaksiyaya daxil olan
metal ionlarinin nisbotindon asilt olaraq kristallasmanin dyronilmasi vo optiki
xassalorinin arasdirilmasidir. isdo reaksiyanin temperaturunun, ¢okdiiriiciiniin
gatiliginin va ikivalentli vo ligvalentli metallarin birlosmodas nisbotinin alinmis
maddolorin kristal qurulusuna, kimyovi torkibino vo optik xassolorino osasli
tosiri Oyranilmigdir.

Tacriibi hissa

Aparilan tocriibi isdo CoCr-LIH-lorini birgs ¢okdiirmo metodu ilo sintez
etmok tlictin Co(NO),-6H,0 va Cr(NO3)3-9H,0 duzlar 1:1, 1:3, 1:5, 3:1 vo 5:1
nisbatlorindo gotiiriilmoklo ayri-ayriligda distillo suyunda hall edilmis, bir yer-
do garigdirilmis vo 2M NaOH mohlulu ilo pH=8, 9 vo 12 olana kimi titrlonmis,
90°C temperaturda 7 giin saxlanilmisdir. Co®* va Cr’* ionlarinin 3:1 nisbstindo
olan CoCr-LIH birlosmasinin sintezi otaq temperaturunda, 90°C-do vo gayna-
dilaraq 100°C-do 7 giin miiddotindo fasilosiz olaraq aparilmisdir. Alinmis nii-
munalar reaksiyadan sonra pH7 alinana kimi distille suyu ils yuyulmus va otaq
temperaturunda, havada qurudulmusdur. Alinmis birlosmolorin qurulus xasso-
lori Bruker D2 Phaser Rentgen Difraktometrindo CuKa stialanmasinda
(A=0.154nm), 20=5-80° bucaq intervalinda todqiq edilmisdir. Infraqirmizi
spektroskopiya ilo niimunolorin tadqiqi Varian 3600 markali IQ spektometrindo
KBr—dan istifado etmokls 400-4000sm™ tezlik intervalinda aparilmisdir. Ultra-
bandvsayi (UB) spektroskopiya ilo alinmig niimunalorin optiki xassalari Spe-
kord 250 markali UB spektrometrindo ultrabondvsoyi-goriinon oblastda todqiq
edilmis, gadagan olunmus zonanin eni hesablanmisdir.

Naticalar va onlarin miizakirasi
Miixtolif reaksiya parametrlori segilmoklo alinmis CoCr-LiH birlogsmo-
lorinin qurulus xassolori Sokil 1-do verilmisdir. RD difraktoqramlarindan go-
riindiiyii kimi 3:1 nisbatinds Co®* vo Cr’* ionlar1 gétiiriilorsk miixtalif tempera-
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turlarda alinmis niimunolordo LiH-loro xarakterik olan 5 adad refleksiya [(003),
(006), (009), (012), (110)] miisahide olunub (JCPDS No: 38-0487) [13]. Birin-
ci (003) va besinci (110) refleksiyalar miivafiq olaraq “c” vo ”a” qofos para-
metrlorinin hesablanmasinda istifado edilmisdir. Heksoqanal kristal qofoss ma-
lik olan LiH-lorin qofos parametrlori a=b#c oldugundan a vo ¢ parametrlori
a=2d;;9 vo ¢=3dgos diisturlart ilo hesablanmigdir [13]. Alinmis layl hidroksid-
lordo miistovilor arasi mosafo Braggs ganunundan (1) diisturu ilo hesablanmis-
dir

dhk1=nM25in6 ( 1 )

Burada, n-sabit komiyyotdir, ¢ox vaxt 1 gobul edilir, A-rentgen siiasinin
dalga uzunlugu, 0 iso difraksiya bucagidir. Difraktoqramlardan alinan hesabla-
malara gdro otaq temperaturunda sintez olunmus CoCr-LIH-in qofas sabitlori-
nin giymoti (a=3.102A, ¢=22.470A) 90°C vo 100°C temperaturlarda sintez
edilmis birlosmolors nozoron bdyiik olmusdur (a=~3.07A vo c=~22.2A). Debay
Serrer dusturu (2) ilo hesablanmis CoCr-LIH hissociklorinin &lgiisii iso otaq
temperaturunda 3.79nm, 90°C-ds 4.17nm, 100°C-do isa 2.93nm olmusdur.
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Sak. 1. a) 25°C- va b)100°C temperaturlarda, pH=12 miihitinds sintez olunmus
CoCr-LIH-lorinin RD analizi. (Co** vo Cr** ionlarinin mohlulda nisbeti=3:1)

D=0)\/Pcosd (2)

Burada, D-nanohissociyin diametri, A-rentgen siiasinin dalga uzunlugu
(0.154nm), B isa difraksiya pikinin yarimdalga enidir. Asagi pH-da (pH=~8) va
miixtalif ion nisbatlorinds (C02+: Cr3+=1:1, 1:3, 1:5, 3:1 vo 5:1) sintez olunan
birlogmolorde a va B Co(OH), va Cr(OH)s-o uygun difraksiya miisahids edil-
misdir. Asag1 pH-larda (pH~8) OH ionlarinin miqdart az oldugundan Co?" :
Cr’* ionlarinin nisbatini 5:1 vo 3:1 gotlirdiikdo Co(OH), formalagmisdir, 1:3 vo
1:5 nisbotds iso amorf Cr(OH)s tstiinliik togkil etmisdir. M.Svetozar vo onun
omokdaslarinin todqiqindo gostorilmisdir ki, 0.1M Cr(NO3); mohlulunun kar-
bamidlo pH=7 miihitindo 100°C-do 9 saat qizdirmagla tamamilo amorf
Cr(OH); alinir [14]. Alinmis Cr(OH); amorf birlosmasini 360°C temperaturda
qizdirdigda iso kristallik Cr,O3-0 cevrilmisdir. Asagr pH-larda omolo golon

33



miixtolif hidroksidlorin qofos parametrlorini hesablayarkon d(sy miistovilor
aras1 mosafo Co”*:Cr’* ionlarimin nisbati 3:1>5:1 kimi doyismisdir. Hissociklo-
rin Slgiilori iso LiH-lora nazoron bdyiik olmusdur. Co**:Cr’* ionlarmi 1:1 nis-
batindo gotiirdiikds (003) va (006) refleksiyalar difraktoqgramda miisahido edil-
momisdir.
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Sok. 2. Co**: Cr’* ionlarimi reaksiyada (a) 5:1 vo
(b) 1:5 nisbetlorinds gotiirmokls (pH=8) alinmis qarisiq hidroksidlorin RD analizi.

Optiki xassalori

Miixtolif temperaturlarda sintez olunmus LIH-lorin 1Q spektroskopiya ilo
optiki xassolori Sokil 3-do gdstorilmisdir. Biitiin spektrlordo 3450sm™ tezliyindo
udma zolag LIH-doki laylar aras1 méveud olan su molekulundaki —OH qrup-
larii gostorir. 1370-1380 sm™ tezliyinde NOs™ qruplarini gdstoron udma zolag
[15] Co(OH), vo Cr(OH)s-0 nozoron LiH-lordo daha intensivdir. Bu da bir-
losmonin “+” yiiklonmis LIH-lor oldugunu bir daha siibut edir. Asag tezliklordo
(400-800sm™ intervalinda) miisahido olunan intensiv udma zolaglar1 Co-O, Cr-
0, O-Co-0 and, or O-Cr-O and Co-O-Cr rabitolorinin ragsi horokatini gdstorir.

i L
L
a)
| L
\
X | b) | |
© I I ‘
E \
s e | [l . !
3 (I
o I I |
| | ‘ |
I om @ AN wo~on
o N oBmi2 8 N8E3Ig
© ] —Loe<vTm -
$  Rz3 By
=3 NN
T T Il Il T T T T
4000 3500 3000 2000 1500 1000 500

Tezlik (sm-1)
Sak. 3. (a)100°C, (b) 90°C va (c) 25°C temperaturlarda,
pH=12 miihitinds sintez olunmus CoCr-LIH-lorinin IQ spektrlori.
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Alinmig niimunoslorin UB-Goér.oblastda UB spektroskopiya ilo todqiqi

otaq temperaturunda aparilmis, gadagan olunmus zonanin eni Tauk tonliyi [16]
ilo hesablanmisdir.

_[k(hv=Eg)]"/?

o= (3)

Burada, v-tezlik, h-Plank sabiti (4.136><10_15 eV-s), hc=1239 eV-nm, k-sabit

komiyyat olub n yiikdasiyicilarinin 1, 2, 3 vo 4 qiymatlori ilo toyin olunur.
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Sak. 4. a) 25°C, b) 90°C va ¢)100°C temperaturlarda,
pH=12 miihitinds sintez olunmus CoCr-LIH-lori {i¢iin qadagan olunmus zonanin eni.

25°C, 90°C va 100°C temperaturlarda, pH=12 miihitindo sintez olunmus
CoCr-LIH-lari iigiin qadagan olunmus zonanin eni miivafiq olaraq 4.51eV, 4eV
vo 4.1eV olmusdur (Saokil 4). Sokil 5-do miixtalif nisbotlords vo pH-1n asagi
giymotindo (pH~8) sintez olunmus qarisiq hidroksidlordo (Co(OH), vo
Cr(OH);-do vo az miqdarda omolo golon CoCr-LiH-do) gadagan olunmus
zonanin eni (E,) birlosmanin torkibindon asili olaraq 2 vo 3 qiymotlo miisahido
olunmusdur (Cadval 1). E,-nin yuxar qiymoatlori (E,;) birlosmodo laylararasi
NOj™ gruplarinin olmasini gostorir [17].

Cadval 1
Co:Cr nisbatini 1:1, 1:3, 1:5, 5:1 vo 3:1 gotiirmakls sintez olunmus qarisiq
hidroksidlords Ey; Ey» vo Eg3 qiymatlori

Niimunalor E, (V) Eq (V) Eq (V)
CoCr=1:1 3.75 2.40 1.74
CoCr=3:1 3.72 2.35 -
CoCr=5:1 3.45 2.34 -
CoCr=1:3 3.6 2.26 1.69
CoCr=1:5 3.65 2.24 1.67
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Sak. 5. Co:Cr nisbatini 1:1, 1:3, 1:5, 5:1 vo 3:1 gotiirmokls sintez olunmus qarisiq
hidroksidlords qadagan olunmus zonanin eni.

Bu birlogsmalerin E,; giymatlari torkibinde amorf birlosmo [Cr(OH)s3] ol-
dugundan miixtalif temperaturlarda vo pH-1n yuxar1 qiymstinds (pH=12) sintez
olunmus CoCr-LIH-lorlo miiqayisodo 4eV-dan asagidir. Lakin hidroksidin tor-
kibindo xromun miqdar1 azaldiqca Eg; yiiksok qiymeot almisdir (~3.7¢V). Clinki
a-Co(OH),, homginin layli kristal qurulusa malikdir [18].

Taogdim olunan tadqgiqat isi Baki Déviot Universitetinda, kimya fakiiltasindo,
YMB kimyast kafedrasinda Universitetdaxili 50+50 Qrant layihasinin dastayi ila
yerina yetirilmisdir.

ODOBIYYAT

1. Ahmed N., Shibata Y., Taniguchi T., Izumi Y. (2011). Photocatalytic Conversion of
Carbon Dioxide into Mmethanol using Zinc—Copper—MIII) (M = Aluminum,
Gallium) Layered Double Hhydroxides. // Journal of Catalysis. No79, pp.123—-135

2. Ahmed A.A.A., Talib Z.A., Hussein M.Z., Zakaria A. (2012). Zn—Al Layered Double
Hydroxide prepared at Different Molar Ratios: Preparation, Characterization, Optical
and Dielectric Properties. // Journal of Solid State Chemistry. No191, pp.271-278.

3. Laskowska A., Zaborski M., Boiteux G., Gain O., Marzec A., Maniukiewicz W.
(2014). Effects of Unmodified Layered Double Hydroxides MgAl-LDHs with Various
Structures on the Properties of Filled Carboxylated Acrylonitrile-Butadiene Rubber
XNBR. // European Polymer Journal. No60, pp.172-185.

4. Mészaros S., Haldsz J., Kénya Z, Sipos P., Pélinké I. (2013). Reconstruction of
Calcined MgAl- and NiMgAl-layered Double Hydroxides during Glycerol
Dehydration and Their Recycling Characteristics. // Applied Clay Science. No80-81,
pp.245-248.

5. Wang D.Y., Das A,, Leuteritz A., Boldt R., HiauBler L., Wagenknecht U., Heinrich G.
(2011). Thermal Degradation Behaviors of a Novel Nanocomposite based on

36



10.

11.

12.

13.

14.

15.

16.

17.

18.

Polypropylene and Co-Al Layered Double Hydroxide. // Polymer Degradation and
Stability. No96, pp.285-290.

Nyambo C., Wang D., Wilkie C.A. (2009). Will Layered Double Hydroxides Give
Nanocomposites with Polar or non-Polar Polymers? // Polymers for Advanced
Technologies. No20, pp.332-340.

Cavani F.F., Trifiro A.V. (1991). Hydrotalcite Type Anionic Clays: Preparation,
Properties and Applications. // Catalysis Today. Nol1, pp.173-301

Xu Q.Zh., Su Y.Zh., Wu H., Cheng H., Hui Y.P., Li N., Liu Z.Q. (2014). Effect of
Morphology of Co;0, for Oxygen Evolution Reaction in Alkaline Water Electrolysis.
/I Current Nanoscience. Nol1(1), pp.107-112.

Duan Y., Sun Sh., Xi Sh., Ren X., Zhou Y., Zhang G., Yang H., Du Y., Xu Zh.J.
(2017). Tailoring the Co 3d-O 2p Covalency in LaCoO; by Fe Substitution to Promote
Oxygen Evolution Reaction. //Chemistry of Materials. No29, pp.10534-10541.
Waghmode B.J., Gaikwad A.P., Rode Ch.V., Sathaye Sh.D., Patil K.R., Malkhede
D.D. (2018). Calixarene Intercalated NiCo Layered Double Hydroxide for Enhanced
Oxygen Evolution Catalysis. / ACS Sustainable Chemistry & Engineering. No6 (8),
Pp-9649-9660.

Lin H., Zhang Y., Wang G., Li J.-B. (2012). Cobalt-based Layered Double
Hydroxides as Oxygen Evolving Electrocatalysts in Neutral Eletrolyte. // Frontiers
Materials Science, No6, pp.42-148.

Dong C., Yuan X., Wang X., Liu X., Dong W., Wang R., Duanc Y., Huang F.
(2016). Rational Design of Cobalt—Chromium Layered Double Hydroxide as a Highly
Efficient Electrocatalyst for Water Oxidation. // Journal of Materials Chemistry A,
No4, pp.11292-11298.

Asiabi H., Yamini Y., Shamsayei M. (2018). Using Cobalt/Chromium Layered
Double Hydroxide nano-Sheets as a Novel Packed in-Tube Solid Phase
Microextraction Sorbent for Facile Extraction of Acidic Pesticides from Water
Samples. // New Journal of Chemistry, No42, pp.9935-9944.

Music S., Maljkovic M., Popovic S., Trojko R. (1999). Formation of Chromia from
Amorphous Chromium Hydroxide. // Croatica Chemica Acta, No72, pp.789-802.
Goebbert D.J., Garand E., Wende T., Bergmann R., Meijer G., Asmis K.R., Neumark
D.M. (2009). Infrared Spectroscopy of the Microhydrated Nitrate Ions NO3-(H20)1-
6. // The Journal of Physical Chemistry A. Nol13, pp.7584-7592

Tauc J. (1968). "Optical Properties and Electronic Structure of Amorphous Ge and
Si". Materials Research Bulletin. No3, pp.37-46.

Chai H., Xu X.Lin Y. Evans, D.G.; Li, D. (2009). Synthesis and UV Absorption
Properties of 2,3-Dihydroxynaphthalene-6-Sulfonate Anion-intercalated Zn—Al
Layered Double Hydroxides. Polymer Degradation and Stability, No94, pp.744-749.
Liu Z., Ma R., Osada M., Takada K., Sasaki T. (2005). Selective and Controlled
Synthesis of a- and B-Cobalt Hydroxides in Highly Developed Hexagonal Platelets. //
Journal of the American Chemical Society (JACS), No127, pp.13869-13874.

37



BJIUAHUE PA3JIMYHBIX TAPAMETPOB PEAKIIUU HA CUHTE3
CoCr-CJIOUCTBIX JIBOMHBIX THJIPOKCHU]IOB

0.0.BAJIAEBA, A.A.ABU30B, M.b.MYPAJIOB
PE3IOME

CroncThle TBOWHBIE THAPOKCHABI Ha OcHOBe xpoMa m kobOambTa (CoCr-CAI) Obutm
CHHTE3WPOBAHBI IIyTEM COOCAKICHUS M U XapaKTEPUCTUKN KPUCTAIITMICCKONH CTPYKTYPHI U
OTNITHYECKUX CBOWCTB OBUIM HMCIOIB30BaHBl PEHTICHOBCKAs MOpOIIKoBast mudpakmus (XRD),
ynbtpaduoneroBas (Y®) u unppakpacuas (MK) crmekrpockonus. bbuto ycTaHOBIEHO, UYTO
KpHUCTaJLTU3alys ObUIa JIydlle IpyU KOMHATHOM TemmnepaType, koraa pH pactBopa cocraBiser
12 u cpennuit pasmep Hanouactul, npu 25°C, 90°C u 100°C remnepatype, cocrasmsn 3,79
uM, 4,17 aM 1 2,93 HM, cooTBeTcTBeHHO. [10 pe3ymbTatam mudpakromerpa o- u f-Co(OH), u
Cr(OH); ObutH nONy4eHs! Ipu Oosiee HU3KkoM pH (~ 8), Korna MOJsIPHOE COOTHOLICHHUE UOHOB
Co*" u Cr’* cocrasisno 3:1, 5:1, 1:3 1 1:5.

KuaroueBbie ciaoBa: CoCr-CJII'; onTuueckne W CTPYKTYpHBIE CBOMCTBA, MapaMeTphl
peaKui.

EFFECT OF VARIOUS REACTION PARAMETERS ON THE SYNTHESIS
OF CoCr-LAYERED DOUBLE HYDROXIDES

0.0.BALAYEVA, A.A.AZIZOV, M.B.MURADOV
SUMMARY

Cobalt-chromium-based layered double hydroxides (CoCr-LDHs) were synthesized
using the co-precipitation method and were characterized by X-ray powder diffraction (XRD),
Ultraviolet-Visible (UV-Vis) and Fourier Transform Infrared (FTIR) spectroscopy to study the
crystal structure and optical properties. It was determined that, the crystallization was better at
room temperature when the pH of a solution is 12 and the average particle size of nanoparticles
obtained at 25 °C, 90°C and 100°C was 3.79 nm, 4.17 nm and 2.93 nm, respectively. According
to the results from the diffractometer, o and B Co(OH), and Cr(OH); were obtained at lower
pH (~8) when the molar ratio of Co** and Cr’* ions was 3:1, 5:1, 1:3 and 1:5.

Key words: CoCr-LIF; optical and structural properties, reaction parameters
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