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Abstract

Mercaptopropyl-functionalized silica gels Including Ag" ions or Ag
nanoparticles were prepared and were used to investigate the mechanism
followed for the adsorption of gaseous CHsl by each Ag. To determine
the efficiency of the Ag nanoparticle embedment process utilized, Ag
nanoparticles were embedded into the mercaptopropyl-functionalized
silica gel through the wet chemistry method or through the electron
beam irradiation method. The wet chemistry method facilitated the
adsorption of the additives used for the synthesis of the silica gels with
the Ag nanoparticles. In contrast, during the electron beam irradiation
method, the ligand was cleaved by the electron beam and the cleavaged
ligand particles underwent reassembly, followed by the interaction of the
Ag nanoparticles with the silica gel. Therefore, the wet chemistry method
was found to be unsuitable owing to the presence of residual additives.
The embedment of the Ag nanoparticles in the silica gel samples was
confirmed through transmission electron microscopy and a change in
the color of the silica gels: this was followed by exposure to gaseous
CHsl. Various spectroscopic analyses were used to investigate the
chemical and physical changes associated with the interaction between
the silica gels including different oxidation states of Ag and gaseous
CHsl: X-ray photoelectron spectroscopy provided clear results. The Ag
nanoparticles formed covalent bonds with the mercaptopropyl ligands,
whereas the Ag" ions formed ionic bonds. Physisorption occurred
between the Ag’ ions and gaseous CHjl, followed by the decomposition of
the gaseous CHsl by ultraviolet rays, resulting in the formation of Agl

through an interaction between the Ag® ions and I'. In contrast, the Ag
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nanoparticles was maintained, which suggests that the Ag nanoparticles
do not form Agl and gaseous CHsl remains on the surface of Ag
nanoparticles. This study confirmed that the mechanism through which

gaseous CHsl interacts with Ag depends on the oxidation state.

Keyword: Ag oxidation state, Covalent or Ionic bond, Gaseous CHasl,

Adsorption mechanism, ligand functionalized mesoporous silica gels
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1) Wet chemistry®¥i

(1) GA gel &H]
ojflo] waH =32 AaLstd [27] A 29 nmE e Ag Uk YA &

oS WA FASIYTE. 1 mM AgNO; (silver nitrite, sigma-aldrich,
99.9999%) 750 mLE H|AHo]| €1 0.6 mM ZAF 75 mL (gallic acid, sigma-
aldrich, 97.5-102.5%)% 7}t & 28% NH4OH (Wako Pure Chemical
Industries, Guaranteed reagent)S 7}std pHES 1002 X753 ZH|=
LOoHof|  3-Mercaptopropyl-functionalized silica gel (sigma-aldrich,
200-400 mesh) 3.0003 g& @11 WS ATt AJEOA 18 AZF FQF =
oA wwtsto] ¥EgSE T ofmf, 50%oA 18AIZF AIFHEE A GA gel
2.3785 g2 AT}

(2) NB gel &H]

ojflo] HrH =7 Fst [28] 1 mM AgNO; 380 mLE H|7# o] &
a1 2 "H|AH9 2 mmol SDS (Sodium dodecyl sulfate, sigma-aldrich,
99.0%), NaBHs; 4 mmol (Sodium borohydride, sigma-aldrich, 99%)2 380
mL go]2aof molil 9kof AgNO; &0l R3S o]&ste] 300 24 A7t
dtt. A7HE Uhdl 89S 302XF ¥ whbstH SZMO] foig A5 4 Qli
gte. 8 ZzAsttt d& foHo| 3-Mercaptopropyl-functionalized silica gel
(sigma-aldrich, 200-400 mesh) 3.0001 g& @11 93 X}HSH AJEjof|A] 18
AIZE Zd2olA wwtsto] ghgst § ofuf, 50moA 18Xt AFHURE AA



NB gel 2.3153 g& <9ich

(3) Ion gel &H]

ojflo] ¥aH == AtaLsto] [10] 0.001 M AgNOs; &% 375 mlLO]
3-Mercaptopropyl-functionalized silica gel (sigma-aldrich, 200-400
mesh) 3.0004 g& T3 WS At Aejol A 5AIZF Aol wylstel fon
gel 2.7810 g& Act.

Figure 1. Photo of GA gel and NB gel. (particle sizes of all the gels
are sieved 200-400 mesh)

( K% CH 31l



2) AAPY EAPY

(1) Blank gel, Mercapto gel #H]

Blank gel, Mercapto gel:> ©]%19] = [10] oA /= A2l ZAZ At
83ttt Blank gel2 0.888 mol CH;OH (Merck, 99.8%), 0.24 mol
tetramethylorthosilicate (TMOS, Aldrich, 99%) €%=1 1.2 mol o]
2 =35to] A5ttt Mercapto gel2 Blank gelS AJst= 1o
0.0198 mol (3-Mercaptopropyl)trimethoxysilane (Aldrich, 95%)& Zo] &

49 ASL A& F 180-600 pyme] 2712 Ao Az

o
ol
ol
8
o2
ox.
ol
o
3%)
o
el

(2) Ag NP gel, Ag NP Mercapto gel ZH|

ojflo] Tud =& Fusto [10] A4A /dd Blank gel, Mercapto
gelS 0.006 M AgNOsz& 0.2 M isopropanol (Merck, 99.7%) 80Hof &Lil
0.2 MeV, 1 mAQ] AAHS 1587t RAlot & RAMAHS 270 kGyz2 &A

= -
0.2 M isopropanoly} &o]242 AAsH {AxRste] A7 AL
2|7t 223 Ag NP gel, Ag NP Mercapto gelo|z2} it} g€ A2 A%
5 180-600 umo] 37|12 Ao A &H|E T

(3) Ag ion gel, Ag ion Mercapto gel &H]
ol o] HaE = Fisto] [10] 4A] &/d% Blank gel, Mercapto gel
S 5 mM AgNO3& 0.2 M isopropanol €90 &1 ArLoj|A 6A]7F nEHs}H

il
1 0.2 M isopropanolit & 242 A|Asti HAXxsto A2j7p A A 2F
A

< 180-600 ym2] Z7|2 Ao Z2] &v]=| it}



2. 7|H CHyl % #d

Zb =7t AL 71A CHslZ &41sH7] #1sh 0.5 g%l 3-neck flasko] &=H]% 3
ot 72]31 7|A] CHil= 0.7 mL 9% CHsl (iodomethane, 99.5%)5 Al-20]A
71shA7]aL FAlE s71et A ol Ao r A7t An Ao Argstdt
ZIA7E 32+ {2 ol wad =39 [10] Ao ArESt vlas [t
Ae]7t 7o) violl F7HA] e =9 GC-MS 245 {sto] ARt (A
=l 71A): 2.50 L/min, 7|&] CHsl: 0.003 L/min) 2% 7|&|9] Q&ke Ak
Alo}7](Mass Flow Controlers, MFCs)S o] &5to] 7|AHC 2 AXsHA Sl
t}. 3-neck flask®] A2|7F A9 WS AU 7|4 eg=E2 GC-MS 245 ¥
5] Tenax-TA tube (Supelco, 60/80 mesh, stainless steel TD tube)o] =HI
(Sibata minipump)S ©°] &5t 0.1 L/mine] §Fo g SArL it A A9
DAL= ofo] RAME| I} (Figure 2).

Tenax-TA tube

N 8 pump

\\\- N 0.1 L/min

MFCs W:a e Gas emission

> : Gas flow

Jle paiyling
[EHD shoaseo

Figure 2. Figure of experimental set-up
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3. 7|l CHsl &% Az2|7t A

1) X—=A1 FHAR £347] (X—ray photoelectron spectrometer, XPS)

b7e] ent &2E 7)A] CHilol sh8lR ASS BMsr] 9s) 59
tjstn FsAIAASHe] XPS (MultiLab 2000, Thermo Scientific K-Alpha+
XPS Spectrometer)2 0]835t0] BA519ich XPSE Alg HHO| X-Alo] XA}
9 o PHand ostel YEHE Az AAe FAUAE FYstn &
A oyxoA HEE MR f4rz AHEYRS Uepdch FAAN UE A
o] FFAUA= dl XY AFHo A7)0 gk FEE Fi Qo &

2 od

11}
1o

240 A JHL Aet E 59 AES de 4 Jon Age &YW 24
SetE U [30]. 710 3 RE Alas BUY Y ot B4 m3

2) Raman %3 (Raman spectroscopy)

U5 =29 EXE ZotE7] flsll Raman spectroscopys ©0]&35t0] 24
sttt Alagisty 3=AIFASTO] Micro Raman Spectrometer System
(FT-Raman, HORIBA, LABRAM HR EV)& o]&sct EAs5I9tH Algags &2
st A7]1= AR BARAQ) 2feb AtbE o]&sto] Z89] thefet AEiet A

A= FgHoltt [32]. & dAFdME A FE¥oMe A AEEA
U ol HHTT FEE A7) Hsto] o] ZE Ut AREH o] of7] FA

Ar laser® 514 nm 5Pge] o|A S AF§ste] ARS FuHA7|R 23t Mg

otk 24 A Alg]E mHsilicon wafer)S o]&sto] 520 cm™'2 ZAAsH
of BAstelrt. sjalEE 1800 groove/mme 10%7F 28] Z7sto] ATE ¢
AL Az BHEZ SOishs do]4d2 10 vle2 A5



3) T3 Ax} 3w 7A (Transmission electron microscope, TEM)

ANE B S AYT Ag YAl §4 L A2 A HAY ofng
Wel7] Asto] TEMS olgstol BMslUct AxTstE FEUAUSGU

TEM (FEI, Talos F200X G2)xt AZA= STEMQ energy dispersive X-ray
spectroscopy (EDS)S o]835te] EHEAS A|8¥stct Cu Z2]Eg Ar8st
of AlBg xstol Astert. 200 kve] AYxIE e MAL o] gsfo] B
As5tRal vj&2 SA 36000 (200 nm)2 2Astict TEM2 &

= g2 Alat FeArget & JAUIEA] kil Atddste] wiehd AR
zste] Sast woz 2 4
3712 gojstel o2 A HAL & WA S1F0 o|F Fotof Yatel 3],
2R8FY BY 52 HUZ 4 W oulx|etE 4 ot [33]. & AFoM =

=2
Ag Lheiate] 3719k el o] 43R Ag LAt AANS WA 919
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4) A=PA2EA 7] (Automatic elemental analyzer, EA)

Az U5o] Ag H=gAt &8 g WA ArtEle 771 429 TR

2 2AMst7] Yol FEdistn  FsAIASH  EA(Thermo Fisher



5) Fd]o W A Q837 (Fourier transform infrared

spectrophotometer, FT—IR)

NE YR 9AEY AT AHES WHHP| ol AFEE FEAANS
o] FT-IR (Bruker, Alpha 11)of Clolof2c= ATR ZAA-S AFAbsto] BAl5tqd
ho 7 AW, B8719 FF 59 FuS WHY 4

- )
=
e ST oR sfshE ofyzl ofg Fofdfl 28] AREEA Qe wEEA

ojtt [34]. wefAl A=|7t UFe] AM8-7]et wet chemistrysio = /dsh A
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6) 7tA~AZutE 1 -2 7] (Gas chromatograph—mass

spectrometer, GC—MS)

ZIMl CHsl7t Aej7t Aol dsAoz FAHAEA el #sto Ao
st 35 AIgAIL 0] GC-MS (Shimadzu, QP2010Plus)E o] &3t A5}
At} Tenax-TA tubeS 300 C2 F ¥ 7}¥sto] A|ASHE minipumpS O]
&5t 0.1 L/min®] g8z 37|15 FASIRH. 5717t §Ard Tenax-TA
tubeS 300 ‘C= 7}1gsto] BAMA|7]|1L transfer, valves 230 ‘C=2 51 Alg
Fstch, o]=Z2A Fst Alg & 1%YF A (Agilent, HP-5MS Ul, length 60
m, diameter 0.250 mm, film 0.25 pm)o]] S°{71A ©tt QE2 A& 2.
40 CoA] & &85 5 CRE 250 ‘C7HA] Ar&A)AH EAs13 Tt lon source
o] 2%+ 250 C= A&7|9 AU 0.2 kVE ARESHIH.
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7) ALA —7IA A -2 A @] B37] (UV-Vis—NIR spectrometer,

UV—-Vis—NIR)
OA SR A2)7E Aol AR -THAE A -2 S FE S YotEY] ¢
| r-at3 A AFATER]Q] UV-Vis-NIR (Shimadzu, UV-3600Plus)

Apeste 1A A2 EXE9An

A%

S olgstel BAstat. 1A A E05

BaSO,S 1A A =Gof ZFsto] reference cell2 AFE5HH OO reflection

mode®Z Z&A45t9c}, Silt width= 5 nmo]® 200 nm - 1700 nm9] AHEH

A9t} Grating wgh THAFS 720 nm, S¥ wg TP 310 nm=z AA st
E

foho] =y = =As5H7] Qs UV-Vis (Perkin-Elmer,
Werte &9 Zapre gojoja)
dd= &oll 400-450 nm FAo|A G 54 T IE YW= [29] ol &

25t 10 mm Zojo] Ay A

5ol Ag h=dte] 33N TS Y]
ol 240 1:92 3]stof

(Hellma, PRECISION CELLS)o] Al&

mlm
_El
=
U
mUl

_’I’I_
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1) Wet chemistryH

(1) Ag nanoparticle & A%

4

Wet chemistrysje2 A2 Ag U=UAL &H Az Autg od
gAY or FASIAN. Ag Y dAF &M oF 400 nm FAofA b A
v #Y EetAE 39 Ao 95t Yo S8 =S Holi [29] olF ol
st Ag Y=Udxpe] B o 25 HASHICHFigure 3). Ag NP (gallic acid)
NP (NaBH,) solution®] 732 391 nmojA] 733!
2 Ag U=UA §HS FHsISo] SHEJH.
o et &els Hsto] TEM 242 Addstd=d iV HRl= 552 Ag
LA g AiE H T} (Figure 4). 12|31 Figure. 4dolA] Nax} S7f
AEEHA=Y ol AdEGAIE ghdAoA Falie daolt

ol

rL !
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—Ag NP (Gallic acid) solution

Absorbance (a.u.)

Wavelength (nm)
b)

200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

- Ag NP (NaBH4) solution

=

Absorbance (a.u.)

200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
Wavelength (nm)

Figure 3. UV-Vis asorbance spectra of Ag nanoparticles solution. a) Ag

nanopaticles solution used for GA gel synthesis, b) Ag nanopaticles

solution used for NB gel synthesis.
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Figure 4. a) TEM image and b) EDS spectrum of Ag nanopaticles

solution used for GA gel synthesis. ¢) TEM image and d) EDS spectrum

of Ag nanopaticles solution used for NB gel synthesis.
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(2) GA gel®] &4

UM Az GHo] mercaptopropyl 2|t= Ag7|st A7t A U A
AlZb w¥Fsto] Ag nanoparticle AAF Alg]zt AL SHFSIIITE. 1% Gallic
acidel FuLiolE /MR ALgstol ARBYAIL Y Ag Lher
olg3to] GA gele sttt TEM, EDS ¥4 2w Ag Uh=iabs

A 5o deAoz AAEISo] U (Figure 5).

200 Mim

b ) [l 5eectra from Ares 51

Spectrum

Itensity (KCounts)
=3
|

5 10 15 20
Energy (keV)

Figure 5. a) TEM image and b) EDS spectrum of GA gel and

compositional maps for c) Ag.
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EDS &A1 ZAut Ae2j7} Aojx fefid S, Si 39 Ag W= YAF 8-Aof A
L=l Ag o 37F WAE QT (Figure 5b). TS compositional mapS o] &
st TEM imageo]| Hol= A2M & UAPE Ag UYAr ol YEht
(Figure 5¢) Ag Uwqlate] A2zt 72 mate] 4z #9lstact st
Raman spectrumo|A = Ze 7ZgFo] UERSTH Raman spectrumoAl=
mercapto?](-SH)®] M7} 2570 cm™ FolA FR5 HEhtE EA0]
£t [35] ¥F5 A &8 A7t oA UEu+= -SHY m37} gk

Am
39,

]
Zrashs Aol WEE ATt (Figure 6). £5F Ag-S-C 37t 230 cm™ 49
oA UEhT [36] Ag UYi=YAE ~SHOll st 40 AgE|n gt &
w2 Fol [37-41] SEHA-

FT-IRO|] ATR ZAS AAtsto] 4o Eap AmE Ayl 1558 cm™' G0
A WAt Z7she Aol 2ol (Figure 7) o]+ Ag U=YA &4 44 &
A7tel dmujor gdozRE [efje Zo= EA dolE] & (Table. 1)ofA]
Nitrogen 94 F#H|9] F7iz SUAY 4 9=t NB geld] 4%
Nitrogeno] A2]7} 73 YR AEEA] dZo=zn FHH

QOFSIAIH Age A2]7F Y59 mercaptopropyl 2j7tEet 3 /ATS 74

5t AATE|al o= Raman spectrum, TEMZ &dllA & & o}, SHX|TF Ag

ol
:

>
Ju
)
e
o
ol
_lﬂ fjo
I-_I
e
I
eyl
—
E
1o
_E
|
o
_wﬁ o
10
o
x>
M
%
Y
i)
Hu
oA
ol
n
9]
iu)

_’Ié_
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— -Commercial gel Iii
: i
s J
=t :
= | [
S i ’,' 5 k I
= Yol i
o'k £ } 13
: |ﬁ a C
‘ y o \ i |_
: 4 '
VP el o |
ln-. \_!‘ \:lll'[;”,_»\._,'._.l Ly I, F" [.] : e WL
100 643 1,150 1,625 2,072 2,492 2,887 3,260 3,612 3,945

Raman shift (cm™?)

Intensity (a.u.)

100 643 1,150 1,625 2,072 2,492 2,887 3,260 3,612 3,945
Raman shift (cm)

Figure 6. Raman spectra of a) Commercial silica gel

(3-Mercaptopropyl-functionalized silica gel, sigma-aldrich) and b) GA gel.
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Figure 7. FT-IR spectra of a) Commercial gel

(3-Mercaptopropyl-functionalized silica gel, sigma-aldrich) and b) GA gel.
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Table 1. EA data of GA gel, NB gel, Commercial gel. (weight %)

GA gel
Nitrogen  Carbon  Hydrogen  Sulphur Oxygen
0.154353 1 0.213923 0.515617  0.36977

NB gel
Nitrogen  Carbon  Hydrogen  Sulphur Oxygen
0 1 0.218822  0.51189  0.377481

Commercial gel

Nitrogen  Carbon  Hydrogen  Sulphur Oxygen
0.081455 1 0.206481 0.628353 0.334586
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(3) NB gel®] 7

QtA A|&SH 8-980] mercaptopropyl 2]7t=

28715t Aejzt Ag gt
b ww¥ksto] Ag nanoparticle A2F A2j7} ZAS /dstRch. 1% NaBH.7t

A2, SDS7} AHSAA 2 ArLslo] 315

FA

=

o

2]

LI

Ag LeQIAt 84 ALgalol NB

gels ¥7dstltt. TEM, EDS &4 Zit Ag Y=Yt d2j7t 2 Wi 4545

o= FAE| g0l WA AT} (Figure 8).

ts)

Intansity (kEou

85

00 -

. Spectra from Area #1

Ta-la
Cu-KB
CuiKo( Talf
T

Spectrum

19
Energy (ke¥)

Figure 8. a) TEM image and b) EDS spectrum of NB gel and

compositional maps for ¢) Ag and d) Si.
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EDS &4 ZAxt A2j7t 228E Jd S, Si g3zt 4dEE A Agol M3t
ot AEHUH. SHAITE SrAAt AU/ GA2RE e Nao o371 E=9t
EEQlen ol AgZt Agslor @ RS AMX|sty 9=3iH Ag U=UAF AA
of sl AF8-2 & Zoj2t ol o] Aib= XPS Na 1S spectrumOf|A| = Na
7t dEHE Adozr: UEET (Figure 9).

GA gel?] ZQot= xfo|7h =t @A 650 cm™ ¥ m 39 ZrAasE LA

(

102570 em™ g9 w39 Hart A DARA] gttt

oM™ oz doji}= Zo] oz} 2oz SAtsts 7o XA 0 o]l Ag
theQIxt B SRt Qe ARTAAY FFos ofANC 12]u FT-IR
At 48 A7t Aube o227 ol WAt Frkske 2%S Holi (Figure

c g
S 3t GA gelit Z2] NB gel i} Ag L}iwQx}

ot AUF/GAQ] WallE ol tE HHYEz A
2]7} 7o AAF "ol Uehgtt o]= o] wst viel th2n Ao AFRE= =R of

i
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)
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Wet chemistryl 7o) Al2l7} 2o & Urats HxkAl7]e m@solw

TVAE ZYSE whHolR|RE [42-44] $i9F o] A7bEo] WAIAZ|: ojwA| ore
st ASu} o2 lstel A7lE OJEAl e A Aupt o] o] ofdt o
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Figure 9. Na 1s XPS spectrum of NB gel at about 1070 eV region.
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Figure 10. Raman spectrum of NB gel.
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Figure 11. FT-IR spectrum of NB gel.
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(4) Ion gel, Ag ion Mercapto gel, Ag ion gel &4

0.

Ion gel> Ag L=QYAt &Mo] opd Ag™ o] gollo] Ma|7} 73
AIRE wRtsto] /detth. Ag U dAtE AAtst A7t Aat g A
AL R] =t Ag' 0|22 Al2]7t 719] mercaptopropyl 2]7tEo] AZ5to] o]
2A%S I8 Aolgtl q4AXIY. mercaptopropyl 2{FE7F & Wof] Qls
0 pHO| ¥ won Y457 dojdtt [37.45]. AgNO; &8 Fdojn] &
Y] mercaptopropyl 2|7tE Rl oAl E4Aashrt Jojubal of 7o Ag" o]
o] Fsto] J=ArE st ol otfje] Aleg Uetlth: [45-47]

o)

nCH,CH,CH,SH + nAg" — nCH,CH,CH;SAg + nH"

Yref  mercaptopropyl = 2{t= Ag"t ol F=It  FEsid

(R)S-Ag-(R)S-Ag-(R)S (R=Ex Atg, & =wdlMe Z2o7))9t 22 SYAI7H

Ztzre] Seof Agll Agol FHol =M Sl

O dojuts Aol & =29 4% 227t 715 W4 mercaptopropyl 2
b

Fu5] oA e Aejsto] AH81st © geiE EAjsh] meo] glot 2
Ag ion Mercapto gel®] 7% Ion geldt TH2 4 isopropanolo] A7} A|¢F S
A

AReE g0l Uehl Aelzh 71 Ale] Wisbt gla Aejrh A UiRolAs AR
gi730]7] w20l A YA Es dojuix] g
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2) AAPY EAPY

(1) Ag NP gel, Ag NP mercapto gel 4

S ANOs §o10] P11 HAMIS RALSIO] Ag' 0]2g FUAT|L Yro2
Ag WieAbg ezt Aol HAAIZCH [10]. Aejs AL Ag' ol §o] g

™ mercaptopropyl -2l &t AR "ot o] Mol AARlZ RA}
S Ag' o] 23} ute] JoArgo] A=Al Agh o]o] AR HAIE wF
of SrAEAl =}, SHAITE A2|7t 7|5 WHe} W] mercaptopropyl 2j{tE
7F ZAxlo] ofsto] ArfEnt. ol oldo] UEE =wolA Aol RAR
propylethylenediamine A+87]3t Alg]7HA9] GC-MS &4 Ayt oheFst VOCs

n

(Volatile Organic Compounds)?] ZA&=2 W&t [11]. mercaptopropyl
2teo] Ha AFS2(C-H, C-C, C-S Z2Y) oo Ead +=& [11]2F {AL
s AAbol ofshA B iEol Beh BAAIES AR KAL Alo] @44t
Jb st gaash) AR ©AL C=CE @As: WS Bk w4

AN 2tEs Y HE 2oiE e} RihEEA 1ol st s

FE= gol Yol dast = Ag' o]2o] x|
o] stul B9 Aleli=y|o} AbS A5t Ay} A
MATEITH 2 APolA: BjZhest AR ofstel HAslel AAuEE Ay
o] Raman spectrumoj|4] #At=lth (Figure 12). Ag NP Mercapto gelyl Ag
ion Mercapto gel®] Raman spetrum H|wstH EA ddoA o3zt ZUa
sHe Aol F3sHA UERdTH 1500 cm™ o]t ¥ oA Ag NP Mercapto
gel2 Ag ion Mercapto gelvt 8|5t 656 (yes mode), 1264 (CH,-S
wagging mode), 1305 (CH,-Si wagging mode) cm™ [35] 39| ZFA7}
Ebdc}h ®3F 847, 859 cm! (SiOs symmetric stretching mode) &< [50]0]]
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A ZkAagict 2500-3000 cm™ oM E ZAarE DAL EE 2575 cm (Yen
stretching) 1t &4 AM&999] m37F UehtE= 2900-3100 cm™ g oA
m 39 Zasty gojlo] UEtUN o] "®@AaAtso| E4ashyt WAlsty C=C
£ d4dst dojyes dAeltt. o] A= AR RAME &9
mercaptopropyl 2]ZF=0] AVHE UEUWH A7 2t=rr Ay HgE A
Aa 7te]go] ERF dojur] miwo oAzt Fasti Folil Zol2f o ARG
[11].
et 22 wHor AR AR Yo Ag Ui AR Art A2 g
Z_}
E 5 g 2gS dAdste A7t Ao AAtdo 2429 Ag Y= AAE A
Holl 7ol oy A & stehgo] a7 A2j7t A Ufol AAtE
= wet chemistryH-& AlA] AdofA QzXx 42 3stA HELS 7H& 4~ Q)
7] diZof @7go] Wst AARY ZARH2 2Rh=9] BUiet MRS abgol
FUte]o] EE74et VOCs7t A&E1 oy At 715 &5t AAT &
AL O]=3h O 2 mercaptopropyl 2|7t 2 i} Ag U= JAPE 2 AHE
5t7] 2ol wet chemistrysfoll vls O Aol U2 Ag UURY] A7t
A A golet ARG Z1EF AlRE & At oo EaY =S A

arstet [101.
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Figure 12. Raman spectra of Ag NP Mercapto gel and Ag ion

Mercapto gel.
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2. 714 CHsIe| H2|7t & &t

71Al CHsl9] A2]7t 22 S4F Zaf= Table 20| UEfL Q). o] Ayts 2%
Al Z1AIE Z1sbe CHole: &A1 A7t Aol =&3A12 of dop 92 &
o] 71Al CHsl7F Ad=j7t 2o SAHA=AIS FaLstiAr 245100 &9 V1A
(A T-2200A gt tiz MFCsE &5t 7IAA = LG5 /A=A
o ZIAVEH =20 wul" ALyt An iy deARgsta AUt CIAE

olgstel YT fFo2 WY A B &

r\r

Tenax-TA tubed] minipumpS
AN 71T, J2]1 1208 Tenax-TA tubeE 71¥sta] 7|HE &xbst o] 7]
AlE GC-MSE o]&sto] FASHRITE o] Zif= Yold oA

ofy”] wiFo Aol 2 otyu] ATl grolet AJztstal FAMsHIct. ]

WE Ysto] whg grlo A7t B viR|sHA] il 5743t w2 Controlz A

rE
=,
U
=
[oV]
5
=3
o
@,
°

Aotoict. 22 2t Aot A Yn ARe ABAt A

woll 71 CHal
Control¥} Blank gelo]| H|5}o] ©

-
S
i
o
2
Pl o
ol
2
ot
fujo
uQ
>

o] 71Al CHsl7t A=)zt o] A= NS e Eot 2j7teo] EAf of 2o
ot e A Aurb GepRled Rert Qe Ag W A7t A2 AEF
Aol vluA w2 o 7IAl CHsl7F A7t Ao §AE g0l Usy 27t
7 9le Ag Uiz A7t AL dEFol 7 "luA A2 4o Al CHl7F A
7} 7o EATEAZ0] UEHHTH o] Atz BE Ag mercaptopropyl 2{{tE

Absh] £go] Hol SYE 9T

m[olr

+ 7IAl CHsl2
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Table 2. GC-MS data of amounts of gaseous CHsl passed over surface

of prepared silica gels. Control is the result of gaseous CHsl only that

passed air without any silica gels for the comparison.

Sample name Area Amount (ng)
Control 26,812,457 6,583.783
Blank gel 23,004,555 5,637.259
Ag NP gel 6,376,844 1,504.139
Ag NP Mercapto gel 1,982,304 411.793
Ag ion gel 4,958,054 1,151.471
Ag ion Mercapto gel 3,140,547 699.696
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3. HE[7F A 7|H CHaIZE 428 HFHUE

CHsl®} Ag (ZEHOY 4tsh AHi) 1] JoA&e Al&Ac=z A-Eo Tt
[61-54]. Ag 3d T35 YEH XPS ATEHA & 4 9% (Figure 13) A
o ARsbgEfer 2zteo] EAle Ag 3d9l A ouXd JF= ulAloh
mercaptopropyl 2jZFE7F EX|SHA] of= A7t A URolAof vls 2It=7t
EXsh= Ag)7E A URolA 9 Agel ZAE olUX|7F S7 sk Aol L o]+
Ag7t mercaptopropyl 2]{FEQ} JeArgero] dist £A7F & 4 ot Est
mercaptopropyl 2|7FE0] EX[o| T2} intensity®] Ato|7} y=t] 2tErt &
Aohe A7t A2 o B2 Ags: WEdS & 5 Qltt [55]. %3t Figure 13a)
o} Figure 13b)E Bluwg © Ag 3de] m 39| xjolr} E§stil AA40] 4t} 4
Blol @et AU x7E Gefile XPSe] §4& 1Y o ol ZF Aglt 9.
A= A7 A yRo] YuEdgs Ued= §

Wet chemistryf o2 s = Alg]7 A Est X

o)
n
M
%
o
2a)
o
ol
ok
4%
)
=
3
1°

A7t Aol iz Age oot th2 YWREUL of= offe] XPS AHEH
(Figure 14-16) A Ag 3d9] 2% o4A] o3 YAz A 4 Aot [12]. 2

m 39 2 oo EarH =woA dad Z2Y
Aoz gdet Ael7t A9 7F Agelt 22 o ZZUAE Ttz S35t
k.

Ag UYLUXIS] 742 Ag NP geldl Ag NP Mercapto gel® 7]A] CHil =&
M50 XPS AMERS wlwsto] TS REY 4 Itk Ag NP gelo] AS 7|
Al CHilet JoArg & A% oUX|7t dastks oz 3 o]Fo] YERdh
(Figure 17). ol= Ag YkJAE 7]Al CHilol k=59 & AoA&s HA Ag
Ul gAte] shelA Aol ®ebrt 132 UEU= 4ol shx|t Ag NP
Mercapto gel, GA gel, NB gel?] 742 7|A] CHile} A58 So|z AT oy
R|7F 7o) oEsA] @kgkgol LiERdT} (Figure 18). 9lo] -2 AojlAl 7|4
CHslo] del7t A S4fo] 293] A2 L2l & f Ag NP Mercapto gel
of 9o Aejzt el WAEol Ag the AP} 7IR] CHiS &A1t ofn)



g Sl wiskE A 2T 1 HEIS SAIRS Uehd. Ao Aer Ag
U4 AAF propylethylenediamine 2{tE AFg&7|st A2|7p 749 ZHijeb=
Adolstth [11]. Ag Ux=<AUAt A=F propylethylenediamine 2]7tE AFH&7]3F Al
217} 7o) 7|A| CHil} AbsArg31S uf upibzix|2 Ale]zl 2 7]3 Ulsel Ag,
e, &Y Atz 7|9 JoArgste AR ol B woA Ate]4dof

Al E5H o 5otk olfdt WAL R Y4 CHilZ SAlsIALT 2 Apoas

dA AF" ARlse Qo oA ARold Ag LheA EA
propylethylenedimaine 2|7t AHE7|3t Al2)7}t A& 7]X] CHilE A2j7t A
5ol o @45 &l ARt olFA SAE 7IAl CHile A4l &k
o] FofiEll Agls P/dstn ofoletto|=rt Ad2j7h Ao FATHT SHX|TE Ag
Ul YA A2 mercaptopropyl 2jtE A-g7]eh A2]7t 7ol o] & A+
M= 71Al CHsl7F 0iR7bR = 27t 72 Y89l of2] Q4o oJsto FATE ARt
Ag Uk PAs ofHst stebA wishs AA] ofon o= hA g olRl9 o
o Axete Apo|7h Qlnh. o] A2 Zb 2RTESt Ag Uk JAT Afolo] Zj
HAlel AolzRE HEd Ader oA Ag UEARe}
propylethylenedimaine 2]7t= Afo]e] A3t ouyX]= <F 159 kJ/molo]il
[56-57], F}F Ag UkeJAt Atole] A% dlUXl= F 216 k]/molo|t} [58]. O]
Ato] w0l propylethylenedimaine®t J22-8¢h Ag WH=UA= 714 CHslS
5 Bolage AX Agt AR £ A0 A9 uay 2 A
oHA] w0l mercaptopropyl It= foff Fat 2YH Ag Hi=UR= 1A
CHsl7t #ofielol= Ag UkedAts 2] stebss AlE /A, ol Aget
ool IOl =2 etebA Flehy wiwo] dojue of dME= HEt
[50-53].

Mejrt 7o) 2YE Ag' o290 ZQo® JA CHAS EAtatol Lrepigict

0

2t o] Feols 71 <Al gHez [51-54] 7]A| CHsl7b Ad2]7t ZAo

=
A SAFS st 5 glsrA AFS AR S AX Agl’t A E 1 o] UV-Vis-NIR

%EJ = B | (o]
&Y rMEyOR F2F 4 9lr} (Figure 19).
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Figure 13. Ag 3d XPS spectra of a) Ag ion gel exposed to CHsl and

Ag ion Mercapto gel exposed to CHsl, and b) Ag NP gel exposed to CHasl

and Ag NP Mercapto gel exposed to CHal.
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Figure 14. Ag 3d XPS spectrum of GA gel.
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Figure 15. Ag 3d XPS spectrum of NB gel.
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Figure 16. Ag 3d XPS spectrum of Ion gel.
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Intensity (a.u.)
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Figure 17. Ag 3d XPS spectra of Ag NP gel exposed to CHsl and Ag

NP gel itself (Ag 3d data from previously published paper [12].)
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- - Ag NP Mercapto gel exposed to CH3I
-= Ag NP Mercapto gel ~
g ptog Fa 3d;),
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Figure 18. Ag 3d XPS spectra of Ag NP Mercapto gel exposed to CHsl
and Ag NP Mercapto gel itself (Ag 3d data from previously published
paper [12].)
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- - Ag NP Mercapto gel exposed to CH3I
BRI, )
~  —Ag ion Mercapto gel exposed to CH3I
X
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Figure 19. UV-Vis-NIR spectra of Ag NP Mercapto gel exposed to
CHsl, Ag ion Mercapto gel exposed to CHsl and commercial Agl (Silver
Iodide, Aldrich, 99.999%).
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= doME ZIAl CHlE 4 2 =45 fstd Ag Wim
mercaptopropyl 217tE AFg7]eh Al2l7t Ag Fulsteirt Agt % 7bA] Akt
JES ZHRI0 YRS Qe Ag’S] Ag UedAtel Aghol Agh o] E|R 5
S|t B A= J]&Eof 28iE9JE Ag UYE propylethylenediamine 2|7t
£ Ag7)et 227t B 7IAl CHal &4 tiAYSE #%8 A+ [11] o d9A H+=
AA-olct.

Ag Y= A2j7} AL wet chemistryHit AR ZAPHZ o]85t0] /=
o} wet chemistry®-& 7]&0] %o] AbEE|ojgton ZHgtaith. of HY e Ag
QR olo] ARIIAE Hlstel st A2zt ANB gel)n ANTAA
§lo] Ag UkegAt &8-S ol gsto] Ad2i7t 7A(GA gel)2 ¥/dsts + 71X ¥4
oz »aEl9ltt. o £ JhAl WHom $AE Aelsh e TEM, EDSOIA Ag
Ueqlrte] it Aejzh o] Ay stz Ag Ukolate] 4BA g
St shA|gF o] ®H2 FT-IR, Raman spectrum, EAS9] 245 Sof Ag
Ui gz &4 F42 Hsl B7iEe A7t AR5 sttt m2tA o |
He Eoto] WSk Ag UwAt AR Al2)st e xrbRel AR st
= ol&sto 27t ABS F/dshor gt oA

Absof ghThs Aol

ol

/\

4
A
-
e ¥e

2

a

i)

A ZAND of 8% & Ag' o]2o] HAALE wot Ag UUAtE A
U AR Aej7r Ao AArEot. shR|gE AR RAR abgolA AHE7]eh
mercaptopropyl 2|JFE7} AEHAY HA AFEe] 471 SAED HA AMS
o] olFAgo] AYE L t] T2 -SH} Eot Vs S ARH. o]
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