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Abs缸翟ct：Chit0翎皿((葛)I姗嘣be璐contailIing silver n粕op删cles
(AgNPs)were prepared by in-sitIl redlldng method． A water

鲫lubIe c盯boxymethyl chitos蛆 (CMCT) w嬲appIied for the

prepara6∞of AgNPs．The impact factor such as the∞nc印仃ad∞
of(MCT．蝴v盯Ⅱi由瞪te(AgN01)咖蚀t，t叫pe髓tIlm and the
h∞血lg廿lne du而19 the pnpa髓廿on of AgNPs were stII出ed．The

懈lIlt showed that the proper vaIue of the∞noen缸翟廿on of CM：CT，
A州01∞nt明t，蛐pem恤n蛆d the h∞血lg廿lne were∞t嬲
0．1％，20止AgN03(1．7 m彬L)，如。柚d3 h，sqp盯删y and me
n垴l】d删m con咖劬doⅡof A窖NPs coIlId be acqIIired．TO solve the
spi卫田既bmty of chit嗽n啪。丘ber．a super hi}=h molec．1lar wd2豇t
poIye恤yI蚰e o】dde(PEo)was in仃oduced to the system，蛆d a new
mixed soIv蚰t system was p“揶日H：d by ad血窖acetic add，dimethyl
su呦】dde(DMS0)and sever蚰dm阳of Tdton X-l∞删to dis伽ed
water．Cs／PEo(80／20)耐th the concen打a缸on of 3％懈
m鹤oIved in the mixed soIvent to p北pare d∞trospimliIlg soIu缸on for

Cs／PE0(舳／20)n咖6ber fabri∞吐on．The CS∞ntaining AgNPs
dect玎唧Im soI嘣on colIld be pr℃pa弛d by repIacingⅡ吣dis伽ed
water to蛀Iver咖op删de s0Iudon during the pnp锄6蛐of皿Ii】【ed
soIvent． U妇隐vioIet v两bIe(UV-Vis)s雕dm and妞蚰卯缸s醯on
dechDn micH's∞pe(TEM)HsIllts showed曲mt snverⅡ卸op删cles
were p姊铷矧sua蝌Idly．(翼membnmes wjttl and without Ag岬s
we咒acqIlind via a tm击tiOnal d∞订惦pimlillg eqllipm印t．The鸵
押。啪。丘ber m锄brimes were ch铀'cte血ed by懿anniⅡg dec虹Ⅺn
micra；∞pe(SEM)i卫毗12瞄and meclIanical testiⅡg． It∞Illd be
Ⅱo廿删h田m也e SEM inml瞄曲忸t there wasa g∞d morphoIo舒‘柚d
瑚dom mstribu廿oⅡfbr the mno丘bers with 姐 avemge 丘b盯
mameter of 180衄．The mechaⅡical propeny resIIl缸showed that
the addi廿on of AgNPs d雠聃ased the me曲脚lical stnngth d四砸咖Ⅱy
but the ma出【anical st职n弛∞llld s廿H support w们堋Id dn塔siIIg
appUca60n．
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I ntroductiOn

Silver nanoDarticles(AgNPs) have been r菌sed a 10t of

concem mese years becaIlse of its an曲acterial property印plying
in biomedical engin硎ng L1_o J especially in wollnd dressiIlg
field【7-l 5I．砌一J打“reducin2 me血od is one of me most诵dely

used memods for ttle Dre∞ration of AgNPs Llo J．Carboxyme山yl

chitos锄(CMCT)is a good reduciIlg agent wllich can be

applied for the preparation of AgNPs．Here，t11e CMCT plays

ttle roles of reducing agent and an石bac耐al a譬ent． It is clearly
tIlat AgNPs own the柚词)acterial ability，and me addidon of

CMCT is eXpected to improve this effect舢曲e衄ore．
alitosan(CS)is a namral polvmer ex仃act甜fbm animal

sheUs and can be used as ttle raw material of wound dressin譬．

0诵ng t0 its 900d趾曲acteIial prope啊，CS is often applied in
廿1e biomedical field． Electrospi皿ing technique is an exoellent

processiIlg me也od which can be utmzed for manllfactllring

nano丘bers．The basic elec旬∞spiI】_nin叠equipment consists of a

voltage supplier，a syringe pump锄d a receiVer．The nanofibers

produced by elec仃ospi衄jng have masses of s缸engms such as

lligh suIface—to—Volume ra石o，11igh porosi妙，a面ustable pore size

and morphol02ical siIllilaIity to山e ex廿aceⅡular m撕xL¨J．
However，maIly natIlrm polymers，especiaUy CS，are not easy

for electrospiIlnin2． n is hard to acquire an electrospun CS

membrane wimout anv beads or drawbac】(s．Thus，many stIldies

pay a仕en廿on to ttle elecbrospinnjlllg process of CS and it is

expec毛ed t0 acquire CS membranes wi吐l large CS percentage and

good suIface moIphology．

b吐lis smdv．a water soluble CM℃T was applied fbr廿1e

Dreparadon of AgNPs．The impact factor such as 廿1e

concen廿a石on of CMcT．AgN02 content，temperatIlre and the

hea血g dme during the prepamdon of A密旧s were s眦ed．A
血xed solvent svstem consisted of disdⅡed water，dimethyl

su蜘xjde(DMSO)．acedc acid and Tr!iton X．1001”was
repo rt|。d as t11e solvent for me eIec仕ospinD血g process of

cllitosan[18_191． A new solvem svstem which reduced me

锄ount of Triton X—100 1M was develoDed on山e basis of
reported results． ConsideringⅡle morphology of n柚06ber，a
certain锄ount of lligh molecular polyethylene o姒de(PE0)
was added to the svs白em and Cs／PE0 blends were dissolved in

山e prepared solvent system．The CS m锄b砌es were acquired
via me elec仃ospillniIlg process． To in协砸uce me AgNPs to

eIectrospun AgNPs membranes，山e disdIled water was replaced

bV silver nanopamcle solu廿on when prepadng me Inixed

solvent．And menⅡle CS elec缸ospun memb糟nes谢m AgNPs
collld also be produced．The silver naIloparticle soludon was

characterized bV ul廿aviolet and visible spec廿ophotometer a工Id

仃锄s矗ssion elec廿on Inicfoscopy(Ⅱ’M)iInages．Meanwhile，
the prepared nanofiber was characterized by scaIlnillg elec呐n
IIlicfoscope(SEM)iInages and mechanical s吮ngth，and t量le

properties of nano助ef could be smdied lllteriody for wollnd

dI-essing applica60n．
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1 ExperimentaI

1．1 Materials
CS witll a de鲫地of deacetylation of 80．O％一95．0％．

强ton X—100JM． DMSO， acetic acid were provided bv
Sinoph蛐ChemicaI Rea震ent Co．，Ltd．Super lli妨molecular
polyetllylene oxide(PEO，Mw>5 000 000)was supplied by
Alfa Aesar Co．．UK．AU the reagents were used as received

岫less specified．
1．2 Prepam如n ofAgNPs
TheNa0H was added to tlle disdlled w曲盯and pH was

adjustedtotllemge ofll．5 tol2．TheCMCT(10InL)wi山
a concen缸adon of O．1％ was prepared u吐lizing ttle NaOH

soludon．The口Iepared soludon was menⅡansf色Ⅱed to a

咖sparent 2lass botde趾d tlle bome was put onto a magnedc
s蛳ng app扣-a1[Ils wim也e te埘lperature of 70℃aIld me s6Ⅱing
speed of700∥min．【)if绝r∞t vol岫es(12．5。15，20，22．5．
25 uL)of A2l峋i soludon丽tll a concen廿adon of 1．7 moL／L
was to heel added dmpwise to吐le 2lass bome and tennina把d

undl吐le color of the sOlu石on眦d into shaUow veUow．The
眦吐on process laS硼fbr 1 h under me s锄e condi在on．At me
end of me day，曲Ie sol嘶on containing AgNPs w雏prep跗通
蛐ccessfmlv and廿1e sllIface of me bottle was cov∞ed wiⅡ1 an

aluInimlIn fbil so tllat me A2NPs could be dispersed evenlv imo

t11e soludon柚d e】【isted at a北ladve steady state for a long dme．

1．3 sI凹l舶lds fabrication
1．3．1 S沁lu缅n prepara廿on
A mixed solvent of ace6c acid柚d DMSO was to start丽廿l

prepared befbre廿le prepa枷on of dec廿ospinlling solution．
DistiUed water．DMSO，acedc acid and强t0咀were Inixed
tol{emer winl the mass of 17．584，2．356，0．544 and O．06 g，

Separately．Consi捌ng me CS is hard to be elec舡0spun，a tligh
molecular PE0 was in乜oduced to廿le svstem．The嘶o of CS／
PE0(80／20)w鹤pmved to be easily elec臼∞spun during也e

experiInent．ConsequenⅡy，廿le CS／PEO(80，／20)晰血a total
concen州on of 3％Hrere dissolved in吐le nIixed solvent and
stirred for lO h to窟et出e eIec旬rospinning soludon．MeanwIlile。

me A2NPs could be added to me electrospinning soludon bv

replacin2 nle disdlled water int0 the diluted snver n锄opamcle

solution．

1．3．2 El∞tr∞pi咖|ing
The electrospinning process was ca晒ed out in臼．adidonal

eqmpment based on a Voltage supplier，a syllnge pump aIld a

丹Dunded receiver． Considering mat nanofibers wim a reladve

smoo山slIllFace and good rnorphologv can only be acquired at

above 40℃．a self．con旬rolled hea白ed eqlliprnent was udUzed

掘ng me elec缸Ospinning process．The pa“unetefs of
deI：仃ospinnin2 such as voltage，now rate and dis协ce be附een
needle dps t0Ⅱle receiver were adiusted t0 15 kv．1．2 mL／h

and 20 cm．resDecdvelV．The dec订osDun m髓矗branes were then

cIDsslinked bV glutaraldehyde vapor for about 12 h．Finally．吐le

scaffblds were s删in a Vacuum dr)ring appamtus fbr wiping
0ut吐le resiIdual scdvent over 7 d．

1．4 Characterization methOd of AgNPs
1．4．1 UV-Vis chamctedza廿on

The silver nanoparticle sol嘶on was pfepared．CMCT plays
me role of re∈Iucing agent and stabiHzer iIl me prepamdon of

AgNPs．廿1e ma】【im哪a_bsorpdon peak of UV can be detected at
aro岫d 410 m．which indicates me喇stence of AgNPs．To
iuus仃ate the successful pr{eparadon of AgNPs，the soludon waS

diluted wim dis吐Ued water and tested in an u1拄avi01et and

visible spec廿ophotometer[2【卜以](Jingke IIldus廿ial Co．，Ltd．，

ShaIlghai，C11ina)．And t11e scanning range of wavelengttl is
about 300 to 600 nm．

1．4．2 TEM iInages

To visuahze 也e AgNPs in fumler experiments．TEM
images were tested in厄M2000 (Japan)． ne silver

nallopanicle soIu在on w船dropped on a copper班d and then山e
copper面d waS put into a vacu岫oven at 600 over 1 d．
1．5 Characterization of electrosp唧scaffolds
1．5．1 Fiber morpholo盱
The InorDhologV of elec廿ospun naJlofiber was chamcterized

by SEM(TMloo，默achi，Japan)．TheⅡ煳1br姐es were
sputter-coated wi也gold for 30 witll an accele枷on voltage of
lO kV and a current of5 mA．

1．5．2 Mechanical properti鹤
The InechanicaI properties of nanofiber were tes刚using a

universal materials testhlg maclline(H5K—s，HounsfieId，uK)．
AU s锄Dles were tailorcd wi廿l a unifom size 0f 50 mm×10
mm蛐dtested for over3 dmes谢Ⅱl dif!f色rent Dans offiber．The

drawing process was c删ed out wiⅡl a cross—head speed of 10
mm／min undl b托a1(age．

1．5．3 TEM ima鄹
Tb iden石fy tbe e】【istence of A2NPs in elec廿osDun CS／PE0

(80／20)nano劢ers containing AgNPs，TEM images were
tested in厄M2000(Jap觚)．The n粕ofiber w硒received on a

copper grid and men the copper grid was put into a vacu啪ov∞
at 60℃over l d．

1．5．4 X-ray di置fhction(Ⅺm)pro固髂
To id∞曲me e】【istence of A心口s in decⅡDsp吼CS／PEO

(80／20)naIlofibers contaiDing A2NPs，XRD was c孤矗ed out

viaDl／ma】【-2550 PC一)a王D e删pment(融g出，Jap锄，Cu Ka，
A=O．154砌)
1．6 Statisti咖analvsis
A11 me data wefe expressed鹊means±st蛆d啪deviadOn
(SD)锄d checked by no肌auty tests．0ri百n 8．0(0啦血I且b
Inc．，USA)was applied fbr stadsdcs analysis．AUⅡle da妇

were analyzed appIymg One way 锄aJysls 0t Vall柚ce

(ANOVA)wim Tukey’s test． Statisdcal di丘h姐ces were
considered siP衄cance at_p<0．05．

2 ReSultS and DiSCuSsiOn

2．1 Clmracterization and柚alysis of A对虹's
2．1．1 UV-ViS锄aIysis for AgNPs
The fbnnadon of silver nanoD枷cle soludon was influenced

by many parameters such as me concen缸adon of CMCT．me

锄Ount of AgN02， t11e headn2 dme andⅡle hea吐ng

temperature．

2．1．1．1 Dif诧rent conc∞咖dons of CMCT
n could be concluded f幻m Fi2．1 mat出e concent枷on of
AgNPs increased丽tIl me increase 0f CMCT wllile decreascd
aRer me op血nal concen廿adon of CMCT．The CM(玎plavs me

role of reducing agent．W纳廿1e concen妇don of CMCT
increasing丘-om O．05％to 0．10％．me锄ount of A2NPs
耐gin曲ed厅om Ag+increased、】lrim me increase of CMcrI'，
wtlile山e锄ount of AgNPs decreased wim me concen缸ation of
CMCT increasing f幻m O．10％to O．15％．Tllis might be

because the excess锄ount of CMCT was readilv covered the
AgN03 mus creadng醒glomeradon曲dⅡle reduc60n reacdon

w嚣hinde硎．There w硒a sigIlific趾t agglomeration for CMCT
wi血t11e concen仃ation OfO．20％and0．25％．so廿le data were

abandon酣．And t11e oDdmal concen劬ldon of CMCT was也us

aff．mned as0．10％．
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Fig．1 UV—Vis Spectra of silver nanoparticle solution with

different c伽tcnts(0．05％，0．10％，and

0．15％)ofCMCT

2。1．L 2 Different concentrations of AgNO，

Figure 2(a) showed the UV．Vis spectra of silver

nanoparticle solution with different volumes(12．5．15．O．

20．O，22．5，25．O“L)ofAgNOa(1．7 mol／L)，it could be

seen from Fig．2(a)mat也e amount of silver nanoparticle
increased with the volume of AgNOA increasing from 12．5止
to 20乩while the content of silver nanoparticle decreased after
increasing the volume of AgNOs from 20．O IJL t0 25．o止
(Fig．2(a))．On the basis of acquiring Agr咿s as many as

possible，the optimal volume of AgNOs is 20止(the
concentration of CMCT Was fixed as 0．1％)．Consequently，
也ere Was an optimal volume of AgNOa to acquire a relatively
11ighest amount of AgNPs．To id∞6却this result．the
concentration of CMCT WaS changed to 0．05％(Fig．2(b))
and 0．15％(Fig．2(c))，it could be concluded from

Fig．2(b)that也e arnoant of silver nanoparticle increascsd with
the volume of AgN03 increasing from 10“L to 15“L while

the content of silver nanoparticle decreased after increasing
the volume ofAgN03from 15肛L to 20斗L(Fig．2(b))，
SO the optimal volume of AgN02 was l 5“L when the

concentration of CMCT was fixed as 0．05％．From Fig．2

(C)． it could be noticed that the amount of silver

nanoparticle increased with the volume of AgN02 increasing

from 15仙L to 20“L While ttle content of silver nanoparticle

decreased after increasing the volume of AgNOi from 20“L

to 25斗L(Fig．2(C))，SO the optimal volume of AgNOa
wag 20乩when the concentration of carboxymethyl chitosan
was fixed as 0．15％．

Wavelength／nm

(a)

《

(b)

(c)

Fig．2 UV-Vis spec缸a of silver nanoparticle solution谢th different

volumes(12．5，15．0，20．0，22．5，25．0止)of AgNOa
(1．7 moVL)，the concentrations of CMCT as(a)0．10％；

(b)0．05％；(c)0．15％

2．1．1．3 Different heating time

The UV—Vis spectra of silver nanoparticle solution with

different heating time(O．5，1．O。2．0．3．0 h)were exhibited

in Fig．3。from which could be concluded tllat the concentration
of AgNPs increased with the heating time increased until 3．0 h．

The concentration of CMCT and the volume of AgNOa(1．7
mol／L)were fixed as 0．1％and 20．O止separately．

Wavelength／nm

Fig．3 UV·Vis spectra of silver nanoparticle solution wit}1

different heating time

2．L l-4 Different heating temperatures

The UV—Vis spectra of silver nanoparticle solution with
dif佬rent heating temperatures(50．70．90℃)were shown in

Fig．4(the concen仃ation of CMCT and the volume of AgNOa

(1．7 mol／L)were fixed as 0．1％and 20．O止separately)，it
could be seen from Fig．4 that the concentration of A州-Ps has a
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positive correlation with the heating temperature．This might be

because the relatively higher temperature contributes to the

reduction reaction process．It should be noticed that there was

almost no AgNPs appeared at 50℃．so tIle heating temperature
should be adiusted much higher．Meanwhile，the boiling point
of water was loo℃．so the heating temperature could not be

adjusted to over 90℃．In a word．the heating temperature

could be adjusted as high as possible at the temperature range of
70℃to 90℃．

8
写
皇
星
o
<

Wavelength／rim

Fig．4 UV—Vis spectra of silver nanoparticle solution with

di脓nt heating temperatures
2．1．2 TEM images
The∞巳M image of AgNPs was shown in Fig．5．and it

could be noticed that the AgN-PS were spread evenly．The size

distribution of AgNPs was recorded in Fig．5(b)and it could

be concluded that廿1e average size of AgNPs was less也an 10
nrn．TEM results identify the existence of AgNPs fui恤er on．

16

12

丑

§8
u

4

O

(a)

3

Particle size／nm

2

(b)

Fig．5 AgNPs’characterization of(a)TEM images；(b)size

distribution

2．2 Morphology of CS nanofibers
CS／PEO seaffolds with and without AgNPs were prepared

by electrospinning．It could be noticed from Fig．6 that the

addition of AgNPs had no significant impact on the fiber

morphology．It could be noticed from the SEM images山at
t11ere was a good morphology and random distribution for the

nanofibers with an average fiber diameter of 180 nm．The

morphology of nanofibers with AgNPs did not change after

doping with AgNPs，and the structures of the nanofibers with

A2NPs were smooth and uniform．TEM image of CS／PEO
nanofiber containing AgNPs was shown in Fig．7(山e scale bar
is 1 LLm)，from which could be seen that AgNPs existed in the

hybrid nanofiber．

b)

Fig．6 SEM images of electrospun CS／PEO(80／20)

nanofibers：(a)without containing AgNPs；(b)

containing AgNPs

Fig．7 TEM images of electrospun CS／PEO

(80／20)nanofibers containing AgNPs

2．3 XRD proffies of CS nanofibers
To idenfify the existence of silver in electrospun Cs／PEO

(80／20)nanofibers containing AgNPs．theⅪ①was carried
out．It could be concluded from Fig．8 that theⅪm profile of
CS nanofibers containing AgNPs(Fig．8(b))owned the peak at
2 0=38．1，44．3 corresponding to the lattice planes of(111)and

(200)for AgNPs L．凸J．While the same peal<esw．￡ially the strong
peak at 20=38．1 could not be found at theⅪ①profile of CS
nanofibers without containing AgNPs(Fig．8(a))．Notably，the
content of silver was relatively low，and the relationship between
silver content in nanofibers and the antibacterial property of

nanofibers could be studicd in the future research．
2．4 Stress．strain cUrVES of AgNPs
The mechanical property of electrospun membranes with

different CS／PEO ratio(70／30．80／20，80／20 wiⅡ1 A2NPs)

was shown in Fig．9．from which could be concluded that the
addition of AgNPs decreased the mechanical strength

significantly．And the mechanical strength increases with the

decrease of CS’s content．It could be noticed from Table l t}lat

the tensile strength and Young’s Modulus of CS membranes

containing AgNPs decreased significantly wtfile t11e elongation at

break increased to some extent compared wi也CS membranes．

万方数据
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Fig．8 XRD profiles of electrospun CS／PEO(80／20)nanofibers

(a)without containing AgNPs and(b)containing AgNPs
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Fig．9 Stress-strdin curves of electrospun membranes with different

CS／PEO ratios(70／30，80／20，80／20 with AgNPs)

Table 1 Mechanical properties of electrospun membranes

with di毹rent CS／PEO ratios

3 Conclusions

silver nanoparticle solution was prepared via the in-situ

reducing method．A water soluble CM℃T was applied for the

preparafion of AgNPs．The impact factors such as the

concentration of CMCT，AgN02 content，temperature and the

heating time during也e preparation of AgNPs were studied．To

obtain as many as AgNPs and keep the particle size spreading

evenly．the concen缸ation of CMcT was chosen as 0．1％：也e

volume of AgN03(1．7 mol／L)was set as 20止；the heating
time and heating temperature were set as 3 h and 90℃

separately．It could be concluded from TEM result mat也e

average size of AgNPs was less than 10 nm．It could he noticed
from the SEM images that there was a good morphology and

random distribution for也e nanofibers with all average fiber

diameter of 180 nnl．The mechanical property results showed
也at the addition of AgNPs decreased the mechanical strength

significantly but still had enough mechanical strength for its

potential application in wound dressing。 乃e comprehensive
properties of chitosan membranes containing AgNPs could be

studied ulteriorly for wound dressing aDplication．
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