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ABSTRACT

In the present work, we described the synthesis of copper nanoparticles (Cunps) through a single route of chemical
reduction method.The effect of different concentration of reducing agent andtemperature on the morphology of
Cunps was investigated. The synthesized copper nanoparticles were characterized by UV-Visible
spectrophotometer, Fourier Transform Infrared (FTIR) Spectroscopy, Scanning Electron Microscopy (SEM),
Transmission Electron Microscopy (TEM) analysis. The average sizes of copper nanoparticles were found to be 12,
16, 28, 55 nm at different concentration of L-ascorbic acid.The kinetics of copper nanoparticles catalyzed oxidation
of glycine (Gly) by peroxodisulphate(PDS) in aqueous medium at 308 K has been studied. The copper nanoparticles
catalyst exhibited very good catalytic activity.Interestingly, it was found that, the catalytic activity depends on the
size of nanoparticlesand the kinetics of the reaction was found to be first order with respect to peroxodisul phate and
independent of glycine concentration. Addition of neutral salts shows a retarding effect.
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INTRODUCTION

Amino acids are the precursors of essential bioemdes such as proteins, hormones, enzymes, etimoAfawids
derived largely from protein in the diet or degréala of intracellular proteins one the final clasfsbiomolecules
which oxidation makes a significant contributiontb@ generation of metabolic energy. They are didbllose their
amino functional groups by two pathways: transatmmaor oxidative deamination [1, 2]. The kinetiovéstigation
on the oxidation of amino acids is of great impoct both from chemical point of view and its begrom the
mechanism of amino acids metabolism [3].Amino aads undergo many kinds of reactions, dependinghupo
whether a particular amino acid contains non-psldstituent. The specific metabolic role of amieaancludes
the biosynthesis of polypeptides, proteins and h®gis of nucleotides [4].Glycine is an essentiainanacid
classified as non-polar and forms active sitesnafymes and helps in maintaining proper conformaltigpreeping
them in proper ionic states.Several kinetic studieshe oxidation of amino acids both in acid atkélane medium
and also in presence of metal and non-metal iotedysés have been reported [5-8]. Aqueous solut@mnamino
acids have been oxidized by Mn(ll) [9],(Fe(GN) [10], Chloramines T [11], Peroxomonosulphate
[12],Peroxodisulphate[13] etc. in both acid andalite media. The peroxodisulphate ion is one ofdtiengest
oxidizing agents known in aqueous solution. Thaddad oxidation reduction potential is estimatetiéc2.01V.

2807 ——» H° + 26

The reactions involving this ion are generally vsigw in the absence of suitable catalyst [14]. firtost thoroughly
investigated catalyst is Ag(l) ion although reaatiavolving Cu(ll) and Fe(lll) ions also have bestdied [15].
Kinetics and mechanism of decarboxylation of amimids by peroxo oxidants is an area of intensigearch
because peroxo oxidants are environmentally beaigdants and do not produce toxic compounds dutfiredr
reduction.
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The applications of transition metal nanopartielsatalyst for organic transformations includerbgénation [16],
hydrosilation[17] and hydration reaction of unsated organic molecules [18] as well as redox [1®d ather
electron transfer process. Among the metal nanigpest Copper nanoparticles (Cunps) are very dtaciue to
their heat transfer properties such as high theooatluctivity. Copper nanopatrticles also have lgtace area to
volume ratio, low production cost, antibacteriatgrey and catalytic activity, optical and magngiioperties as
compared to precision metals such as gold, silvggatladium. The main difficulty lies in their premtion and
preservation as they oxidized immediately when eggoin air. Scientists are using different inerdiraesuch as
Argon, Nitrogen[20-22] to overcome this oxidatioropblem also using reducing, capping or protectiggnas for
the reduction of copper salt used. Some reducidgcapping agents are very expensive and also baieédffects.
Physical and chemical methods are two basic tedksidor the synthesis of Copper nanoparticle. Vacuapor
deposition [23], pulsed laser ablation [24], pulseide discharge [25] and mechanical milling [26F guhysical
techniques while Chemical reduction [27], Micro dsmn techniques[28], sonochemical reduction [29],
Electrochemical [30], Microwave assisted [31], daydirothermal [32] are chemical approaches for thehesis of
nanoparticles. Biological or biosynthesis [33] teicues are also considered as chemical methodspetop
nanoparticles have high thermal conductivity [3dd also the production cost is very low as compgareoble
metals. Copper nanoparticles production using cbalnreduction method gives good results and it $iagple
control on the size and shape of particles undertrolled parameters like concentration of reducagent,
temperature etc. but use of hazardous reducingcasitly and protecting agent [35-41] makes the m®dexic in
some cases. To avoid the toxicity and to prepamg€onanoparticles in green environment, we haee ascorbic
acid in our chemical reduction process. Ascorbid aorks both as reducing and protecting agentctvinnakes the
process economical, nontoxic and environment flief8#]. Though studies on kinetics of oxidationarhino acid
with peroxodisulphate have been widely carried[d8t 43], but in the present study, the universdlre of copper
nanoparticles as catalysts was highlighted by eympdohighly efficient copper nanoparticles for theidation of
glycine by peroxodisulphate in aqueous medium.

MATERIALS AND METHODS

Material

For the present work, we used analytical grade atasmsuch as copper chloride dihydrate (GLURE,0-97%), L-
ascorbic acid (vitamin C-98%), glycine and perosotphate were obtained from E. Merck. A fresh solutf
peroxodisulphate was prepared before startingtperements. All chemicals were used as receivetiout further
purification. Double distilled water was employdadughout the study.

Synthesis of Copper Nanoparticles

The one step synthesis scheme for copper nandpariigtiates with dissolving require amount of pep chloride
dihydrate in 50 ml deionized water to obtain a kdoéution. L-ascorbic acid (0.01 mol*).drop wise added to the
aqueous solution of copper salt while vigorousiyrisg at 353 K in oil bath. With the passage ofidi, the colour of
dispersion gradually changed from white, yellonarare, brown finally dark brown with a number ofeimhediate
stages. The appearance of yellow colour followedtange colour indicated the formation of fine regade copper
particles from L-ascorbic acid assisted reductiimglly changed into brown color the resulting disgion was
centrifuged for 15 minutes. The supernatant wasgglaunder ambient conditions for 2 months. Theistudrere
performed at different concentration of ascorbiid & investigate the size and shapes of coppevpaaticles.

Characterization

UV-Visible spectroscopy from a double beam spedtodpmeter (U.V. 3000LABINDIA) was used for preliminary
estimation of copper nanoparticles synthesis. FIARPHA-T —Bruker) provided information about oxiitan
product of the reaction. Morphological study of twpper nanoparticles was carried out with scaneilegtron
microscope (SEM) (EVO 18 carlzeiss) and Transmis&ectron microscope (TEM) (FEI Techni G2S2 Twin).
TEM and SEM images were recorded to confirm siztribution and shape homogeneity of synthesizegpeop
nanoparticles.

Kinetic Measurements

All reactions were carried out in Erlenmeyer flaghainted black from the outside to check photocleami
decomposition. Calculated volumes of copper nanimbes and glycine were taken in a reaction veardlwere put
in a thermostat maintained at 308K. To start thectien the calculated quantities of potassium pedcsulphate

solution were added to the reaction flasks. Thaymss of the reaction was studied by estimatingréingaining

peroxodisulphate iodometrically at different int@ref time. Since the concentration of amino asiten times more
than that of the peroxodisulphate, a pseudo ficioplots is drawn from which the values gfsks determined.
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RESULTS AND DISCUSSION

Copper Nanoparticles Characterization Results

In recent years, several studies have shown thaabproperties of metal nanoparticles depend upergeometry
and size, thus the optical response of metal natiolgs can be control shape and size of metal panicles
[44].Since surface Plasmon modes of metal nanafestilike Au, Ag, Cu reside within the optical regi of
electromagnetic spectrum [45, 46], optical specwpy can be used as primary tool for investigatidnsuch
nanoparticles. UV-visible spectral profile for cepmanoparticles was recorded with time. Duringghethesis of
copper nanoparticles in aqueous solution, the digpe became colourless when L-ascorbic acid waeddand
gradually turned to yellow, orange, brown and finahange into dark brown solution. The UV-Visildpectra of
samples were recorded at different time intervatsfery colour (Figure 1).
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Figure 1:The time evolution of the dispersion photgraphs and the UV-Visible spectra

The spectacular colour change correlates with lafgé of UV-Visible spectra. The first absorptigreak of
different curves is at 335 nm corresponding to ati@h product of L-ascorbic acid [47]. The secohdaption
peak is increasingly broadening with an increasiogcentration of L-ascorbic acid. The absorptioakpef copper
nanoparticles has been reported at around 560 rgvefisible wavelength which proves the formatiohcopper
nanoparticles [48, 49].In this work, the resultingpper nanoparticles displayed a broadened ped&&@&tnm
wavelength, indicating the presence of small sepdraopper nanoparticles, it is well establishett that peak
position and width are highly influenced by padishape and size [50].

Effect of reducing agent concentration

To evaluate the effect of L-ascorbic acid conceinma(0.07, 0.08, 0.09, and 0.10 mof)Lon the synthesis of
copper nanoparticles were recorded on UV-Visiblectipscopy. The results indicate that a higher dodsc acid
concentration leads to a more effective cappingaciyp of L-ascorbic acid and then formed smaller Cu
nanoparticles which can also be proved by the THEidges of copper nanoparticles (Figure 2).The TEMges
show that the particles are spherical in shape dewtease in particle size with an increase in lodsc acid
concentration. The size of the copper nanopartieiés various concentration (0.07, 0.08, 0.09, Qvidl L™) of L-
ascorbic acid are 55, 28, 16, 12 nm respectivdig feason is that L-ascorbic acid molecules endatesii? and
reduce Cifinto Cu(0), then oxidation products absorbs onréseilting copper nanoparticles surface preventieg t
particles from growing further as a result smallewpper nanoparticles obtained. Thus, the number of
Cu"encapsulated in ascorbic acid molecules decreaisiesnareasing concentration of L-ascorbic acigdiag to
the formation of smaller copper nanopatrticles.
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Figure 2:TEM images of copper nanoparticles with veiable concentration of L-ascorbic acid: (A) 0.07(B) 0.08, (C) 0.09, (D) 0.1 mol £

Effect of reaction temperature

The present investigation reveals that nanopasticlel not synthesize below the temperature 333Kany
conditions. This shows that reaction constant & tdmperature is too low to progress the reactidrerefore
reaction temperature higher than 333K with appaipriconcentration of the reactants should be iedad the
progress of the reaction for synthesis of copperoparticles. In Figure 3, SEM images A, B, C of pep
nanoparticles synthesized at 343 K, 353 K, 363 $peetively, comparison of the images shows thatctipper
nanoparticles synthesized at 363 K have a widegeasf size distribution. In addition, the nanopdes were
agglomerated in these conditions while copper narimpes synthesized at 353 K are well disperseth \an
average size about 12 nm.

Basically, the reduction rate of Cions was increases by increasing the reaction teanpe. Therefore the
synthesis rate is too high to control particle sizhigh temperature. When reducing agent addeettupsor solution
at 363 K, rate of growth and agglomeration as vasllnucleation of copper nanoparticles accelerabesa
coincidently. These phenomena result in the foromadf copper nanoparticles with high averaged sfzée copper
nanoparticles were precipitated. Thus moderate ¢eatpre (353 K) should be selected for synthesth@fcopper
nanoparticles with appropriate controlling on size.

Stability of nanopatrticles

The stability of nanoparticles dispersion is kegtda in their application. In this study L-ascorlsicid was used as
both reducing and capping agent without any otpecisl capping agent. The antioxidant properties-ascorbic
acid came from its ability to scavenge free radi@aid reactive oxygen molecules[51], accompanyirgibnation
of electrons to give semi-dehydroascorbate radécal dehydroascorbic acid hydration of 2-carbonylaliso
reported[52]and finally converted into polyhydroxgtructure through hydrolysis[47]. Therefore L-abdo acid
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plays dual role as reducing agent and antioxidértopper nanoparticles. As a result, the reactian lbe done
without any protective inert gas and the dispersibcopper nanoparticles is stable for 2 montheraftorage.
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Figure 3: SEM images of synthesized copper nanopéctes with variation of temperature (A) 343 K, (B)353 K, (C) 363 K

Stoichiometry and Product analysis

Under the kinetic conditions, the reaction wasiedrput with excess of peroxodisulphate over glgdim presence
of nanoparticles in a thermostat water bath at 3@8K24 hours. The excess of peroxodisulphate vedsrohined

iodometrically. An addition of 2, 4-dinitrophenylydirazine in the reaction mixture yield brown préife of

hydrazone derivative of aldehyde[13]. The prodidehyde was confirmed by its FTIR spectrum (FigdireThe IR

peaks at 3330 cm 2907 cn, 1607 crifare attributed to —NH, —CH, —C=N stretching respett. From

observations of different sets, the Stoichiomefrihe reaction can therefore be presented by emuéti).

H
| Copper Nanoparticles

—COOH + S,0,% +H,0 — = HCHO + CO, + NH, + 2HSO, —(1)
308 K
NH,
Ammonia identified by nesslar reagent, brownish color was observed indicatiagnunation reaction, carbon
dioxide was identified by freshly prepared lime @raaind the solution turned milky indicating decasjdation
reaction. The deamination of the glycine in preseoiccopper nanoparticles was shown in UV- Visibsorption
spectrum (Figure 5).
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Figure 4: The FTIR Spectra of the oxidation productof glycine oxidation
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Figure5: UV spectra for the deamination of glycingtime 0-50 min.) in the presence of the copper naparticles at fixed [PDS] = 5x1G

mol L, [Cunps] = 1x10° mol L™* at 308 K

Peroxodisulphate dependence

Kinetic runs were carried out by varying concentratof peroxodisulphate from 1x?9 7.5x10° mol L™at fixed
concentration of [Gly] = 5xImol L™,[Cunps] = 1x16 mol L™at 308 K temperature. The plot of log [PDS] versus
time was linear for each initial concentration &% (Figure 6), indicating that the reaction istfivsder with respect

to [PDS].
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Figure 6: First order plots of the variation of peroxodisulphate concentration at 308 K
[Gly]= 5.0x10%mol L%, [Cunps] = 1.0x1¢ mol L, [PDS]x10*mol L™ = (A) 1.0, (B) 2.0, (C) 3.0, (D) 4.0, (E) 5.0, (B)0, (G) 7.5

Glycine dependence

Reaction were carried out at constant concentratiail reactants [PDS] = 5xTamol L, [Cunps] = 1x18 mol L
'and by varying initial concentration of glycine findx10% — 7x10* mol L™ at 308 K temperature. Plot of logpk
versus log [Gly] give straight line parallel to Id&ly] axis indicating zero order dependence widispect to
glycine(Figure 7).
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Figure 7: First order plots of the variation of glycine concentration at 308 K
[PDS]= 5.0x10'mol L, [Cunps] = 1.0x1Fmol L™, [Gly]x102mol L™ = (A) 1.0, (B) 2.0, (C) 3.0, (D) 4.0, (E) 5.0, (B)0, (G) 7.0

Copper nanoparticles dependence

The effect of copper nanoparticles on the ratexidation of glycine has been studied at varyingoerration of
copper nanoparticles 1x£0- 1x10° mol L at four different size of nanoparticles (55, 28 dnd 12 nm),
synthesized at four concentration (0.07, 0.08, 00080 mol Y) of ascorbic acid respectively, other reactant and
reaction conditions were constant. The rate of tr@acincreases with increasing concentration of peop
nanoparticles. The catalytic activity of copper oparticles seems different when concentration dficeng agent is
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varied from 0.07 to 0.1mol LThe difference in catalytic activity can be atiiéd to the size variation in the
resulting copper nanoparticles. The trend in tHeutated rate constant being 12>16>28>55nm (Fi@)reThis
effect can be attributed to the nanosize of théiges that as size decreases surface area insraaskethe active
centre are also increases.
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Figure 8: The effect of [Cunps] at different size bCunps in nm (A) 12, (B)16, (C) 28, (D) 55 at fix@[PDS] = 5.0x1Gmol L™, [Gly] =
5.0x10°mol L™ at 308K

Temperature dependence

The effect of temperature on the rate of reactias studied at three temperature 303 K, 308 K,K3i&spectively

at constant concentration of other reaction ingnetdi. A plot of log ks was made against 1/T, yielded a straight
line. The energy of activation {Eentropy of activationAS’), enthalpy of activatiorAH"), free energy of activation
(AG) were obtained 24.69 KJ nipl-237.32JK mol?, 22.13 KJ mot, 95.226 KJ met respectively. The high
positive values of free energy of activatiock(s) and enthalpy of activatiomf) indicated that the transition state
was highly solvated while the negative values dfapy of activation AS) was suggested the formation of rigid
transition state with reduction in the degree eéftom of molecules.

Neutral Salts dependence

The effect of added neutral salt on the rate oftiea has been studied at varying concentratior0¥x#x10%of
KCI, NH,CI and KSQ, at fixed concentration of other reactant and @mstonditions. The results shows (Table-
1)the retarding effect of some ions on the rateeattion of copper nanoparticles catalyzed oxigatibglycine by
peroxodisulphate. The decrease in the rate conganot strictly related to the increase in iontcesgth and
evidently there is a considerable specific effddhe ions. Similar observations have been obtainezhrlier study
13].

1l Table 1: [PDS] = 5x1Gmol L™, [Cunps] = 1x10°mol L™, [Gly] = 5x10%mol L™, Temp. = 308 K

Neutral Salts 10°Concentration | lonic Strength Contributed | Rate Constant
mol L* 10° xp 10" Kopssect
1.0 1.0 4.47
2.0 2.0 4.38
kel 3.0 3.0 4.18
4.0 4.0 4.08
1.0 1.0 441
2.0 2.0 4.28
NH.Cl 3.0 3.0 4.05
4.0 4.0 3.89
1.0 3.0 4.11
2.0 6.0 3.93
K2SQ, 3.0 9.0 3.79
4.0 12.0 3.51

Mechanism
The definite mechanism of the homogeneous metalpaaticles catalyzed oxidation is not clear. Altgbudentify
the formation of transition species through cerahysical measurements but it is very difficultismlate and
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characterize from homogeneous mixture. Since inptlesent study, the rate of reaction does not dkpeon the
concentration of glycine, oxidative deamination gifcine occurs in presence of peroxodisulphate amgpn

addition of copper nanoparticles while peroxodibake converted to hydrogen sulphate ion. The piisi
mechanism in support of the observed kineticsvemin scheme-1.

H,O
S,0,% +CP — Ctf + 2HSQ + O?
L
Cu?+ 0%+ I—HC\:—COOH—» H-CHO Hj+ CQ, + CtP

NH,

H

\ H,O

S0g2 + H—C—COOH———>  H-CHONH, + 2HSQ + CQ,

Copper

‘ nanoparticles

NH,

Scheme 1: The plausible route of copper nanoparties catalyzed oxidation of glycine
CONCLUSION

In the present work, highly stable dispersed copperoparticles were synthesized in agqueous mediithowy
employing any protecting gas. By this green mettgyththesis of monodispersed copper nanopartickEgifg
from 12 — 55 nm) employing by different concentratof reducing agent. L-ascorbic acid is used db xlucing
and capping agent. The synthesized nanopartiatekighly stable and do not show sedimentation efem storage
for 2 months. Moreover, it was clearly shown trestation temperature has a remarkable effect oicleasize and
agglomeration of the synthesized copper nanopesticThe catalytic activity of synthesized coppemnaparticles
was investigated by the oxidation of glycine in egus medium. The size of copper nanoparticles dsesethe
catalytic activity of copper nanoparticles increas€he results of this study indicate that the tieacbetween
glycine and peroxodisulphate in the presence ofpSuvas first order.
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