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Investigation of the influence of gold nanoparticles on stimulated
luminescence of phenylamine 160 in ethanol

Investigations of the influence nanoparticles of gold on the properties of stimulated emission of phenylamine
160 in ethanol were carried out. Au nanoparticle ablation gold targets were obtained in standard second har-
monic solid laser ND. The concentration of the nanoparticles Au was deyermined to change yhe mass of the
target before and after ablation and amounted to 5*10-3 mol/l within 30 minutes ablation. The average size
Au nanoparticles were determined by dynamic light scattering in sub-micron particles size analyzer Zetasizer
Nano ZS. Measurements showed that the investigated wednesday the average size of nanoparticles is 80 nm.
Nanoparticles of gold were obtained by laser ablation of a gold target in ethanol. The concentration of nano-
particles was determined from the change in the mass of the target before and after ablation. It is established
that when 160 nanoparticles of gold are added to the phenylamine solution, an increase in laser radiation
intensity of 1.4 times and a narrowing of the lasing band is observed 1.5 times. The generation intensity
reaches a maximum value at a concentration of gold nanoparticles CAu = 10-4 mol/l. Given the kinetics
of the luminescence of solutions F160 in ethanol in the presence of gold nanoparticles. It is shown that pulse
generation does not exceed the duration of the pump pulse and is tren~of 7.4 NS. When added to a solution
of gold nanoparticles SAI = 10-4 mol/l there is a reduction of the pulse duration generating 1~6.7 NS.
The threshold for the onset of stimulated emission is reduced by a factor of 2.2. The duration of the genera-
tion pulse decreases 1.1 times.
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1. Introduction

At the present time, studies are actively carried out related to the excitation of localized plasmon reso-
nance (LPR) [1, 2]. Among the optical manifestations of LPR of nanoparticles (NP) metals, the most famous
is the giant Raman scattering of light [3]. Luminophore molecules placed near the surface nanoparticles
of metals also experience the effect of local electromagnetic fields. In this case, depending on the distance
between the NP and the molecule, the fluorescence of the latter either increases or is quenched [4, 5].
At close distances and direct contact between NP and fluorophores, the luminescence is extinguished due to
the predominance of nonradiative energy transfer from fluorescing molecules to NPs.

From a practical point of view, interest in the plasmon effect is associated with the possibility of creating
highly sensitive luminescent sensors [6], optoelectronic devices [7], nanolazers [8], effective photovoltaic
cells [9], etc. One of the modern promising directions of laser physics is the creation and study of composite
media from laser-active molecules and metallic nanoclusters. There is evidence that the addition nanoparti-
cles of metals to the active medium of dye lasers leads to a decrease in the lasing threshold [10].

2. Experimental

In this paper, we present the results of a study of the effect of metallic nanoparticles of gold (Au) NP
on the generation properties of phenylamine 160 (Ph160) in ethanol.
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Au nanoparticles were obtained by ablation of the gold target in ethanol with the second harmonic
of the solid-state Nd laser LQ 215 (SOLAR). The concentration of Au nanoparticles was determined from
the change in the mass of the target before and after ablation and amounted to 5%¥10~ mol/l for 30 minutes
of ablation. The average sizes of the Au nanoparticles were determined by dynamic light scattering using
a Zetasizer Nano ZS submicron particle size analyzer. The measurements showed that the average nanoparti-
cle size in the investigated medium is 80 nm (Fig. 1 a).

Mumber (Percert)

1 10 100 1000 10

Size (d.nm}

a

Figure 1. Distribution of gold nanoparticles sizes in ethanol (a) and microscopic
images of gold nanoparticles (b)

The morphology of the surface of nanoparticles was studied in the Tescan Mira 3MLU electron micro-
scope. It was found that the predominantly spherical shape of the nanoparticles is observed in the investigated
solvent (Fig. 1 b).

Measurement of the spectral characteristics of the stimulated emission of the samples was carried out in
an installation whose block diagram is shown in Figure 2. Measurements of the spectral and energy charac-
teristics of the stimulated luminescence were carried out by excitation of the samples with the second har-
monic of the Nd: YAG laser (1) (SOLAR LQ 215, Age, = 532 nm, E;,,, = 90 mJ, T =10 ns).

When measuring the characteristics of laser generation, an optical resonator was used, which was
formed by a blind mirror (6) and the front face of the cuvette with the dye solution (7). The pump radiation
passing through the diaphragm (3) with the help of cylindrical lenses (4, 5) was focused on the side face
of the cuvette in a strip with an area of 0.07 cm”. The radiation was generated in a narrow near-wall region
from the side of the entrance wall of the cuvette.

-
Laser LQ-215

1 —LQ 215; 2 — neutral density filters; 3 — diaphragm; 4.6 — lens; 5 — sample;
7 — AvaSpec-2048; 8 — computer

Figure 2. Diagram of an experimental setup for investigating
the generation characteristics of molecular systems

The pump power density was varied with the help of neutral filters (2) and was 0.005-0.2 MW/cm®.
The luminescence signal with the help of a collecting lens (8) was focused on the optical fiber input of the
AvaSpec-2048 spectrometer (9). The relative error in determining the spectral characteristics was 3%.

Cepusi «dunsukay. Ne 3(87)/2017 9



A.K. Aimukhanov, N.Kh. Ibrayev et al.

3. Results and discussion

Measurement of the absorption spectra of the films was carried out on a Cary UV-VIS (Agilent Tech-
nologies) spectrophotometer and Cary Eclipse fluorescence (Agilent Technologies). The absorption spectrum
of nanoparticles of gold in ethanol (Fig. 3, curve 1) is a broad band with a maximum at 535 nm and overlaps
well with the fluorescence and absorption spectra of phenylamine 160 (Ph160) (Fig. 3, curves 2, 3), which
indicates the fulfillment of conditions plasmon resonance.
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Figure 3. Relative location of the absorption spectra of Au nanoparticles (1),

Ph160 (2) and dye fluorescence (3)

To study the generation characteristics Ph160) in ethanol with a concentration of 10° mol/l were used.
Generation of the band of stimulated emission of the dye was obtained at the maximum of the band of the
fluorescence spectrum. Figure 4 shows the spectrum of generation of laser radiation Ph160) in ethanol at

a constant pumping power.
[ au.

7000 4

6000

5000 1

4000+

3000+

2000

1000 4

0

P=0,06 MW/cm®

I, au.
3,5x10" A
3,0x10"4
2,5x10" 4
2,0x10"
1,5x10"
1,0x10"

5,0x10"

P, =0,06MW/em’ /

P, =0,13MW/em’

1 = T T
800 0,0 0,1 0,2 0,3 0.4 0.5 0,6
2
P, MW/cm

T Il
700 750
wavelength, nm

U T T
550 600 650

1 — pure dye; 2 — dye with gold nanoparticles 1 — pure dye; 2 — Ph160 with 10 mol/l Au nanoparticles

Figure 4. Spectra of radiation Ph160
in ethanol

Figure 5. Dependence of radiation intensity
on pump energy

At low pump power densities, a fluorescence spectrum with spectrum characteristics is observed as
for stationary excitation. With increasing pump power, the intensity of the maximum of the band increases
with a simultaneous narrowing of the spectrum. With a power density of the pump source exceeding the value
P=0.13 MW/cm?, laser dye radiation is generated with a maximum of the spectrum at a wavelength of 592 nm
and a half-width of 11.8 nm.
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When gold is added to the solution, an increase in the radiation intensity, a lowering of the laser radia-
tion generation threshold, and narrowing of the lasing band (Fig. 5) occur. The maximum intensity of genera-
tion is observed at a concentration of nanoparticles C,, = 10™* mol/l.

The influence of nanoparticles of Au on the generation properties of Ph160 in ethanol is presented
in Table. It can be seen from Table 1 that at an optimum concentration of gold nanoparticles in solution,
the half-width of the dye generation band decreases almost twofold. It was found that the dependence of
the lasing intensity on the concentration of nanoparticles of gold correlates with the data on spontaneous flu-
orescence. This is an indication that stimulated emission is generated from spontaneous fluorescence.

Table
Effect of Au nanoparticles on the generation properties of Ph160 in ethanol
Cy,, mol/l 15" au. AZ", nm A/l%, nm

0 4254 592 11.8
10° 4550 592 9.3
10° 5156 593 8.6
2*%10° 5648 592 8.1
10°* 6145 592 7.8
2%10° 5185 591 8.4
5%10°* 4354 592 9.7
10° 4158 592 12.3
3%10° 3979 592 14.5

A further increase in the power of the pump source leads to an increase in the radiation intensities and
a narrowing of the lasing bands. The addition of gold nanoparticles to the solution of the investigated dyes
leads to a reduction in the threshold for the onset of stimulated emission by 2.16 times (Fig. 4). Figure 6
shows the luminescence kinetics of solutions of Ph160 in ethanol in the presence of gold nanoparticles.
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Figure 6. Effect of gold nanoparticles on the kinetics of generation of Ph160 in ethanol

The duration of the generation pulse does not exceed the duration of the pump pulse and amounts to 7,
~ 7.4 ns (Fig. 5, curve 1). When gold nanoparticles C,, = 10™* mol/l are added to the solution, the pulse dura-
tion of the generation pulse is reduced to ~6.7 ns (Fig. 6, curve 2).

4. Conclusion

The carried out researches have shown, that at addition in a solution of phenylamine of 160 nanoparti-
cles of gold is growth of intensity of laser radiation, decrease in a threshold and narrowing of a lasing band is
observed. The generation intensity reaches a maximum value at a concentration of gold nanoparticles
C4. = 10" mol/l. The threshold of stimulated emission is reduced by 2.16 times. The duration of the genera-
tion pulse decreases 1.1 times.
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A K. Aiimyxanos, H.X. H6paes, A.K. 3eitnunenos, A.M. Ecimbek, XK. FOcynosa

JraHoaarbl peHnaaMuH 160 0OSFbINIBIHBIH €PIKCi3 TIOMIHECHEHUNACHIHA
AJIThIH HAHOOOJIIIIEKTEP/IiH ICEPiH 3epTTey

ANTHIHHBIH HaHOOOJIIEKTep KacHeTi epikci3 coyie Imbrapy QeHmwiamMuH 160 STaHONmArel acepine
3epTTeyjep JKYPri3iimi. AJTBIH HAHOOOIIIEKTEpl ATAHOJIAFhl AalNTHIH HBICAH CKIHIN TapMOHHUKAIBIK
KaTTeiAeHe i Nd ja3epiaik absiuust apKbUIbl albIHABL. AU HAHOOEIIIEKTePIiH KOHLECHTPALUSICHl aHBIKTAIBIII,
Maccachl HbICaHaFra JeHiH JKoHe KeWiH ceifiyiHiH e3repTy OOMbIHIIA jkoHe imiHge abmupiey apKpursl 5%10-3
Mob/-30 MUH Kypazasl. Au HaHOOINIIEKTEpiHiH opTamia MeJjuepi cyOMHUKpoHIb! Oemmekrep Zetasizer
Nano ZS puHaMHKaJIBIK LIAIIBIPAY SiCIMEH jKapblK aHajau3aTopaa Oenrimi Oonasl. Oniiey KepceTKeHIeH,
3epTTeleTiH opraja HaHoOewmekTepAiH oprama wmemmepi 80 HM. @enmmamuHHIH epitiHgicine 160
QITBIHHBIH HAaHOOOJIIIEKTEPiHIH KOCY Ke3iH/e Ja3epilik KapKbIHIBLIBIFBI CayJIe mbiFapy 1,4 ecere, :oIaKThIH
Tapbuly KapkelHbI 1,5 ecere ecrti. AnTbiH HaHOOemmekTepi koHueHTpamsickl Cy, = 10-4 Monb/n ke3inge
reHepamusiiay KapKbIHABUIBIFBl MakCHMalasl MoHre >kereni. Kunerwka sxapwirbl epitinpinepain ®160
STAaHOJIAFbI ANTHIH HAHOOBJIIEKTeP/AiH KaThicybIMeH Oepinren. Kepcerinrenaei, 6yJ1 UMITYIbCTIH Y3aKTHIFbI
reHepanysIayjaH aclaiibl, IMIYJIBCTIH Y3aKTBIFEI T~7,4 HC Kypaiiael. AnTsiH HaHoOemmeKkTepin Ca, = 10-4
MOJIB/JT epiTiHAire KOCKaH Ke3iHIe TIeHepalys HMITYJIbCIHIH Y3aKTBIFBI KBICKapambl Tp.~0,7 Hc. Illeri
TyBIHJAFaH MXOYPJIi cayseneny 2,2 ecere, reHepalus UMITYJIbCiHIH Y3aKThIFbI 1,1 ecere azasibl.

Kinm ces30ep: antbiH HaHOOGeNIIEKTEP], MOJEKyIa OOSFBIITAPHI, €PIKCI3 CoyJelieHy, Ia3MOHIBIK dddexT,
na3epJIik reHeparws.
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A K. Aiimyxanos, H.X. Hopaes, A K. 3eiinunenos, A.M. Ecumbexk, XK. FOcynosa

HccnenoBanue BIAUSIHUSI HAHOYACTHIL 30J10TA HA BHIHYKIEHHYI0
JoMuHecneHIn0 ¢penmnamuna 160 B 3tanose

IIpoBeneHs! MccnenoBaHusl BIMSHHUS HAHOYACTHI 30JI0TAa Ha CBOWCTBA BHIHYXKJCHHOTO H3IIy4eHHS (EeHMI-
amuHa 160 B stanone. Hanouactumpsl Au ObUTH NOJTydeHB! abJsIIMeil 30J0TOH MUILIEHH B 3TaHOJIE BTOPOM
rapMoHuKoi TBepAoTensHoro Nd nasepa. KoHueHnTpauust HaHOYacTHI Au ONpENeNsiach IO U3MEHEHUIO
MACCHI MHIIIGHH 1O M T0CTIe abmsmuu i coctaBmia 5%107 mons/n B Teuenne 30 MumyT aGmupoanus. Cpen-
HHE pa3Mepbl HAHOUACTHULl Au ObUTH OIPe/IeNICHbl METOAOM AUHAMHUYIECKOTO PACCESHUS CBETA HA aHAIHM3aTope
pa3Mepa cyOMHUKpOHHBIX 9acTull Zetasizer Nano ZS. M3MepeHns mokas3anu, 4To B HCCIEAYEMOH cpelie cpen-
HUH pa3Mep HaHOYACTHUI] cocTaBisieT 80 HM. Y CTaHOBIICHO, YTO NpH 100aBIeHHH B pacTBop (enmmamuna 160
HAHOYACTHI] 30JI0Ta HAOIMIOAACTCSl POCT MHTCHCHUBHOCTH JIA3EPHOTO U3ITydeHHs B 1,4 pa3a U cyKeHHe IOJIOCH!
reHepanud B 1,5 pa3a. IHTEHCHBHOCTB T€HEpaIiy JOCTHIAeT MAKCUMAaJIbHOTO 3HAYECHHS [IPY KOHIIEHTPAIUN
HanouacTul 30101a Cy, = 10 mons/1. [IpuBeneHs! KMHETHKH cBeueHus pacTBopoB O160 B 3TaHONE B IPH-
CYTCTBMU HaHOYACTUI] 30/10Ta. IlokazaHo, 4YTO ANUTENBHOCTh UMITY/IbCA TEHEPALUH HE MPEBBILIAET JUIUTEINb-
HOCTb HMITY/bCa HAKAYKM U COCTaBISIET Tyo~7,4 HC. IIpn moGaBneHHn B pacTBOp HAHOYACTHUIl 305I0Ta
Ca, = 10™* Monb/n HaGmOmaeTCs COKpaIlleHHe UIUTEeIbHOCTH MMITYJIbCa TeHEepaltu T..,~6,7 HC. Ilopor Bo3-
HHKHOBEHHUSI BBIHYXJEHHOTO W3IIydeHHs COKpamiaercs B 2,2 pasa. J[IMTENbHOCTh MMITyJbCca TeHEpaLUH
yMmeHbluaeres B 1,1 pasa.

Kntouesvle cro6a: HaHOUACTHUIIBI 30J10Ta, MOJICKYJIBI KPACHTEIIS, BHIHYXKICHHOE M3JIyYCHHUE, [UIA3MOHHBIH
a¢dexr, 1azepHas TeHeparusl.
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