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The synthesis of new complexes based on silver nanoparticles (AgNPs), the rhodamine rea-
gent (R6G), and cetyltrimethylammonium (CTAB) was carried out, and the optimal conditions for
their production were determined. The interaction between rhodamine and Ag nanoparticles, as
well as the nature of the synthesized complexes, was studied using infrared (IR) and ultraviolet
(UV) spectroscopic analysis methods. The UV analysis revealed that the maximum absorption pe-
aks of R6G are observed at wavelengths of 224 nm, 268 nm, and 304 nm, corresponding to the n-r*
transition of the C-C bond and the n-z* transition between the C=N groups. Due to the surface
plasmon resonance of the binary complex, new peaks appear in the absorption spectra at wave-
lengths of 242 nm, 271 nm, and 308 nm. In the ternary complex, peaks in the absorption band are
observed at wavelengths of 215 nm, 243 nm, and 278 nm. The spectroscopic properties of R6G and
its binary and ternary complexes were further investigated through IR analysis. The aromatic C-H
bonds of the phenyl group appear in the range of 3000-3/00 c¢m™, while the C=C bonds of the
phenyl group are found around 1500-7600 cm ™. The carbonyl (C=0) bonds of the carbazide group
are observed in the range of 1650-7700 cm ™. Peaks associated with the N-H groups are found bet-
ween 1400-1600 cm™. The interaction between rhodamine and AgNPs was assessed by analyzing
the shifts and intensity changes in the IR absorption bands.
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INTRODUCTION

Recent interest in the use of silver nanoparticles (AgNPSs) in spectrophotometry as an alterna-
tive to classical spectrophotometric reagents is linked to the effect of surface plasmon resonance in
nanoanalytical chemistry. The advantages of silver NPs as spectrophotometric reagents include rela-
tive ease of production, high molar absorption coefficients, and the ability to tune their spectral pro-
perties by changing the size, shape, and chemical environment of the nanoparticles [1-6]. The use of
silver nanoparticles in spectrophotometry opens up new opportunities for the development of rapid
and cost-effective methods for determining metal cations, anions, and organic compounds. Surface
plasmon resonance (SPR) is a key property of AgNPs, providing them with unique optical characte-
ristics [7-12]. The application of silver nanoparticles in spectrophotometric analysis relies on the
strong dependence of the absorption maximum of the SPR band on the degree of aggregation of the
nanoparticles in the presence of various analytes. Silver NPs are often used for the spectrophoto-
metric determination of various organic compounds and metal ions, and in some cases, for the de-
termination of anions. The nature of the stabilizer used during the synthesis significantly affects the
properties of silver NPs as reagents for spectrophotometric analysis. The use of cationic stabilizers
is particularly promising, as these cations can influence the formation of nanoparticles and their sta-
bility due to their high charge density. AgNPs exhibit specific bands in UV-Vis spectra (390-440
nm), depending on their size, shape, and dielectric medium. For this reason, pre-synthesized AgNPs
are widely utilized for the spectrophotometric determination of metal cations, anions, and organic
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compounds in analytical chemistry. By varying the nature of the stabilizer and its amount in the re-
action mixture, the size and charge of the nanoparticles can be controlled. Rhodamine B, a textile
dye, is toxic to humans. When ingested with food, it can enter the body and cause oxidative stress in
cells and tissues. Rhodamine and its derivatives are fluorescent probes that interact with all types of
biomolecules. Their fluorescent properties arise from the presence of a planar, multi-ring aromatic
xanthene core structure, which, in this case, features nitrogen atoms replacing oxygen in the outer
parts. Rhodamines are synthetic dyes characterized by a general xanthene structure. They are
known for their vivid colors and high fluorescence, making them widely used in biochemical studi-
es, imaging, and labeling. In the presented article, the synthesis of new complexes based on silver
nanoparticles (AgNPs), the rhodamine reagent (R6G), and cetyltrimethylammonium (CTAB) was
conducted, and the optimal conditions for their preparation were determined. The structure of the
obtained complexes was studied using IR and UV spectroscopy methods. The potential applications
of the synthesized complexes in the determination of various ions in analytical chemistry were also
investigated [13-18].

EXPERIMENTAL PART

MATERIAL AND METHODS

Silver nitrate AgQNO3; (PLC 141459), soluble starch (Cg Hio Os) n (PLC 121096), B-D glucose
Cs Hiz Og ; sodium hydroxide NaOH (PLC 141687), CTAB (AB 117004) , Rhodamine B (CID
6694) were used as received

Synthesis of Ag nanoparticles.

The synthesis and stabilization of silver nanoparticles (AgNPs) were carried out as follows:
150 mL of a 1% starch solution was added to 100 mL of a 0.01 M AgNO:s solution. Next, 100 mL
of a 0.2 M glucose solution was combined with 100 mL of a 0.07 M sodium hydroxide (NaOH) so-
lution. The prepared NaOH and glucose solution was then added to the AgNOs and starch mixture
and stirred for 30 minutes. The solution immediately turned dark brown, indicating the formation of
a colloidal solution of Ag nanoparticles. To purify the Ag nanoparticles from extraneous and unre-
acted ions, they were separated using a 12,000 rpm R 5430 Eppendorf ultracentrifuge and washed
several times with a mixture of water and ethanol. It is important to note that during the synthesis,
dissolved starch acts as both a reducing agent and a stabilizer, NaOH serves as an accelerator, and
glucose functions as a reducing agent.

Synthesis of the Ag+R6G+CTAB Complex

In this study, the synthesis of new complexes involving silver nanoparticles, the R6G reagent,
and cetyltrimethylammonium bromide (CTAB) was conducted. First, a 10> M solution of the R6G
reagent was prepared. Then, 10 mL of the 0.01 M silver nanoparticle solution was added to 50 mL
of the 10 M R6G solution and mixed using a magnetic stirrer for 2 hours. During this process, the
color of the solution changed from orange to red-purple, indicating the formation of a binary comp-
lex. To synthesize the ternary complex, an additional 10 mL of the 0.01 M silver nanoparticle solu-
tion was added to the 50 mL of the 103 M R6G solution and stirred for another 2 hours. After this
period, 5 mL of a 0.5% 0.01 M CTAB solution was added, and stirring continued. At this stage,
CTAB enhanced the stability of the complex by serving a stabilizing role in the formation of the sil-
ver nanoparticles-R6G complex. As a result, a ternary complex was obtained. Ultraviolet spectra
were obtained at a wavelength of 200900 nm at room temperature on a Specord 210 spectrophoto-
meter. The IR spectra of the samples were measured on a Varian 3600 infrared spectrometer at a
wavelength of 400-4000 cm-1 at room temperature.

RESULTS AND DISCUSSION
IR spectroscopy is one of the most widely used analytical methods for characterizing rhoda-
mine and its metal complexes, providing valuable information about their molecular structure and
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interactions. The unique properties of these compounds allow for various scientific and industrial
applications [19-20]. When a molecule absorbs IR radiation, the bonds within the molecule vibrate
at characteristic frequencies. The resulting spectrum displays peaks that correspond to the functio-
nal groups and the overall molecular structure. Figure 1 shows the IR spectra of the Rhodamine
reagent (a), the R+Ag binary complex (b), and the R+Ag+CTAB ternary complex (c). Rhodamine
typically contains amine groups, which show N-H bonds in the range of 3300-3500 cm™. The car-
bonyl group (C=0) of rhodamine contributes to a strong absorption peak around 1650-1700 cm™,
indicative of its ether or carbonyl functionality. The presence of aromatic rings is evidenced by
C=C bonds, usually observed in the range of 1400-1600 cm™. Additionally, the IR spectrum of rho-
damine features specific peaks between 600-1400 cm™! that confirm the presence of the xanthene
structure. When rhodamine forms complexes with metals, noticeable shifts in the IR spectrum oc-
cur. Coordination with metals often affects the peaks associated with C=0O and N-H bonds, high-
lighting the interactions between rhodamine and the metal ions.
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Fig. 1. IR spectra of R (a), Ag+R6G (b) and Ag+R6G+CTAB (c) complexes

Figure 2 shows the UV spectrum of binary and ternary complexes formed by silver nanoparticles,
rhodamine, and CTAB. As observed in Figure 2, the absorption band of the rhodamine reagent in the
ultraviolet region lies within the range of 250-350 nm, with maxima at 224 nm, 268 nm, and 304 nm,
corresponding to the m-m* transition of the C-C bond and the n-r* transition of the C=N groups. Upon
adding silver nanoparticles at a concentration of 0.01 M to rhodamine, a bathochromic shift occurs,
resulting in new peaks at 242 nm, 271 nm, and 308 nm in the absorption curves of the binary complex.
This shift is attributed to surface plasmon resonance, and the color changes from orange to violet. The
appearance of new peaks at longer wavelengths is due to the aggregation of Ag nanoparticles. When
CTAB is added as a stabilizer to the binary complex, certain shifts in the spectrum occur, resulting in the
formation of a ternary complex. The absorption peaks of the Ag-R6G-CTAB ternary complex shift to
wavelengths of 215 nm, 243 nm, and 278 nm, respectively. These shifts are attributed to quantum size
effects. The formation of complexes with the rhodamine reagent through the coating of Ag nanoparticles
with the surfactant explains the new peaks in the absorption band due to surface plasmon resonance and
the change of color from orange to dark purple due to nanoparticle aggregation. These color changes
indicate the reduction of Ag+ ions to Ag0. During this aggregation, a hypochromic shift occurs in the
binary complex. In Figure 2, the shift in the spectrum of silver nanoparticles compared to the spectra of the
reagents and complexes is related to the magnitude of the plasmon frequency of silver. As indicated in
Figure 2, the plasmon frequency of silver nanoparticles is greater than that of the complexes.
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Fig. 2. UV spectra of R (1), Ag+R6G (2), Ag+R6G+CTAB (3) complexes and silver nanoparticles
JOURNAL OF YOUNG RESEARCHER, 2024, Ne 4, ISSN 2409-4838 22



KIMYA ELMLORI

B>

CONCLUSION

In the presented work, the synthesis of new complexes based on silver nanoparticles,
rhodamine, and cetyltrimethylammonium (CTAB) was carried out, and the optimal conditions for
their synthesis were determined. The synthesized complexes were studied using IR and UV
spectroscopy. The UV analysis revealed the formation of new maximum peaks at wavelengths of
242 nm, 271 nm, and 308 nm in the absorption curves associated with the surface plasmon
resonance of the binary complex formed as a result of adding silver nanoparticles to the rhodamine
reagent. For the ternary complex formed by adding CTAB as a stabilizer to the Ag-rhodamine
complex, the absorption peaks shifted to 215 nm, 243 nm, and 278 nm, respectively. The IR
spectrum of rhodamine showed the presence of N-H bonds in the range of 3300-3500 cm™, a
carbonyl group (C=0) around 1650-1700 cm™', and aromatic rings in the range of 1400-1600 cm™.
It also confirmed the presence of C=C bonds, providing detailed information about its chemical
composition. In particular, specific peaks indicating the presence of the xanthene structure in the
range of 600-1400 cm™! further confirmed the chemical properties of rhodamine.
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GUMUS NANOHISSOCIKLORI, RODAMIN REAGENTI VO
SETILTRIMETILAMMONIUM BROMID 9SASINDA YENi KOMPLEKSLORIN
SINTEZIi VO QURULUSU

AA. imameliyeva, F.V. Haciyeva, F.M. Ciraqov

Toqdim olunan isdo giimiis nanohissaciklori (AgNP), rodamin reagenti (R6G) va setiltrimeti-
lammonium(STABY) asasinda yeni komplekslarin sintezi hoyata kegirilmis vo alinmanin optimal so-
raitlori miioyyon edilmisdir. Rodamin Ag nanohissaciklari ilo garsiligli olagesi,sintez edilmis komp-
lekslorin tobisti infragqirmiz1 (1Q) va ultrabondvsayi (UB) spektroskopiya analiz metodlar ilo tadgiq
edilmisdir. UB analizlordon aydin olmusdur ki, R reagentinin maksimum piklari C-C rabitasinin z-
n * kegidino vo C=N gruplari arasindaki n-t* keg¢idino uygun olaraq 224 nm, 268 nm, 304 nm
dalga uzunlugunda miisahida olunur. Ikili kompleksin sathi plazmon rezonans hesabina absorbsiya
ayrilorinds 242 nm, 271 nm, 308 nm dalga uzunlugunda yeni piklorin yaranmasi ilo naticalonir. Ug-
li kompleksin udma zolagindaki piklor 215 nm, 243 nm vo 278 nm dalga uzunlugunda miisahido
olunur. 1Q analizlordon R6G-nin va iKili, iiclii komplekslorinin spektroskopik xiisusiyyatlorini aras-
dirtlmisdir. Fenil grupunun aromatik C-H rabitolori 3000-3100 sm!-do, fenil grupundaki C=C ra-
bitalari taxminon 1500-1600 sm™*, karbazid grupunun karbonil (C=0) rabitasinin piklori 1650-1700
sm! diapazonda yaranir. N-H gruplari arasindaki piklari taxminan 1400-1600 sm'-da 6ziinli goste-
rir. 1Q spektroskopiya udma zolaglarinda siiriismalari va intensivlik doyisikliklorini tohlil edorok,
rodaminin AgNP-larls garsiligl alagesi arasdirilmisdir.

Acar sozlar: giimiis, nanohissacik, STAB, kompleks, reagent
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CHHTE3 U CTPYKTYPA HOBbBIX KOMIIVIEKCOB HA OCHOBE HAHOYACTHUI]
CEPEBPA, POJAMUWHOBOI'O PEATEHTA U BPOMHUJIA
OETHJITPUMETHJIAMMOHMUA

A.A. UmamanuneBa, ®.B. I'axxnea, ®.M. Unparos

[TpoBeneH cHHTE3 HOBBIX KOMIUIEKCOB Ha OCHOBE HaHouacTull cepedpa (AgNP), pogamunoBoro
pearenta (R6G) u uermntpumermwiammonusi (CTAB) u onpezeneHsl oNTUMalbHBIE YCIOBUS HMX
noiydeHus.. B3aumopelicTBue pomamMyHa M HAHOUYAcTUI] Ag, a Takke MPUPOJa CHUHTE3MPOBAHHBIX
KOMITIEKCOB M3Y4€HBI C UCTOJIb30BaHneEM MeTo10B nHdpakpacHoro (UK) u ynsrpaduonerooro (YD)
CTHEKTPOCKOMTUYECKOro aHanu3a. Y d-aHanu3 mokaszai, 4To MakCHMalbHble MUKW TorjomieHus R6G
HaOJI0/1at0TCsl HA JUTMHAX BOJH 224 HM, 268 HM 1 304 HM, YTO COOTBETCTBYET M-T*-TIepexoy cBs3u C-
C u n-n*-nepexony mexay rpynnamu C=N. BcreacTBie mOBEpXHOCTHOTO IIa3MOHHOTO PE30HAHCA
OMHAPHOTO KOMIUIEKCA B CIEKTPaxX MOTJIOIIECHUSI MOSBIISIOTCS HOBBIE MUKHM HA JUTMHAX BOJH 242 HM,
271 am u 308 HM. B TpoliHOM KOMITJIEKCE ITMKH B TOJIOCE TOIJIOIMICHUS HAOIIOJAFOTCS TPH JUTMHAX
BOJH 215 HM, 243 M u 278 HM. Crnekrpockonuueckre cBoiictBa R6G 1 ero OGMHapHBIX U TPOMHBIX
KOMILJIEKCOB OBLITH JIOMOHUTENBHO HcclieoBaHbl ¢ moMorisio MK-ananmuza. Apomatuyeckue cBsizu C-
H ¢enunproil rpynmer nosmistores B auanazone 3000-3100 cm', B 1O Bpems kak cessu C=C
¢denmnbHON Tpynmbl HaxogsTcs okono 1500-1600 cm'. KapOonunshbie (C=0) cBs3u kapOa3umHON
rpymnmnsl Habmogarores B auanazone 1650-1700 cm . [luku, cBszanuble ¢ rpynnamu N-H, Haxoasarcs
mexay 1400-1600 cm™'. B3aumogeiictBue mexay pogamMuHoM U AgNP olieHMBanoch myTem aHaiausa
C/IBUTOB Y I3MEHEHUH MHTEHCUBHOCTH B TIoJ10cax noruorienus K.

KuaroueBble ciioBa: cepebpo, nanouacmuya, CTAB, komniexc, peacenm
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