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AAe 7T E BARAEA I8 A (polypyrrole, PPy) B8] Az2E
3L9lS Falo] % e SAlol= ofo]24 (reduced graphene oxide aerogel; rGOA)

la=siA 71733 (simultaneous co-vaporized vapor phase polymerization; SC-VPP) 322
rGOA-PPy Bi= rGOA-PPy-SiO, H3HA] A X5 T3ttt rGOA FAYALS] ¥ EEEA= 39¥ GO FE
Eol v FAste] mime @ FE St ok 9He] A, 54 FEFENA GO T8 9] dFe] EuR
Q1ate] rGOA TR YA wdgre 2 ALY 715727t AP = FA At SC-VPP 3485 ARS8t A%
H rGOA-PPy-Si0, H§A9] REZZXA]= rGOA-PPy BEFA BT HAH O T HHO =348 /A €3 7]F9]
FHol mFE o] glof, HHe] Wi, ©He) 7] widrart 2 deEo] Itk B3 rGOA-PPy-SiO, 53
Aol e dd gl fJsiA dAt xHe] xHZ o] Ao ® QA AFe] FFHA o] HolA| AL, o] = Qs
A1 IGOA == rGOA-PPy B3| HT} 33 W] A8 SA4S BTtk

Abstract: In this study, we fabricated spherical reduced graphene oxide aerogels (rGOA) through freeze casting and ther-
mal reduction for the fabrication of carbon-conducting polymer (polypyrrole, PPy) composites with excellent electrical/
mechanical properties. The rGOA-PPy or rtGOA-PPy-SiO, composites were prepared by a simultaneous co-vaporized
vapor phase polymerization (SC-VPP) process. The surface area of the rGOA-PPy-SiO, composites prepared using the
SC-VPP process was expected to be larger than that of the rGOA-PPy composites, because the surface of the rtGOA-PPy-
Si0, composites was entirely curved and the open pores were exposed on the surface. The orientation of pore structure
was well developed. In addition, the surface area of the particle increased due to the open pores on the surface of the
rGOA-PPy-SiO, composite, thereby widening the contact area with the electrode, resulting in showing improved specific-
capacitance over rGOA or rGOA-PPy composite.

Keywords: conducting polymer, polypyrrole, graphene aerogel, simultaneous co-vaporized vapor phase polymerization,
electrical property.
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3} (graphene oxide; GO)2] & AJAte] 7Fssit). o] & 3}
g2 g e E39E A =2 W) AEEE VA=
3l 5] O = o)

¥ 22 (reduced graphene oxide; rGO)S A= = 3
o rGO= 714 /ddo] 451wk, 1A 7S] Van der



514 Frances Danielle M. Fernandez - I8 - Y3E

Waals 3 wjizol] &5o] 2 dojdt}. o]y g EAIKS 34
stz iR 71s7] 2EE T TR 8 e AL
2l #Lg FARS f1g AFE0] g Eo] gttt H, 3
Ao g o] WY 7 HIEAskE A o
o] 24 (graphene aerogel; GA)S] 93 880l B2 4SS
7EA AL ATh v AEd M ESARE F4E GAE &
2k, B3|, A=, AN ELRS] S-83 22 A
ofel] Fz] &5 ULk GAE GO FAF 8-S A7)
A spllA 271, 4 AXE Sste] 23 SALe]
= oo} 24 (graphene oxide aerogel; GOA)E A|Z=H, GO
AES] 2L 29 2 $4-1% 34 s A5 949 7F
49| FHo= Q8 v 75 7HA B GOAS
st e g4 S Tl 12 AHEREE V=
e ¥ SAlo]= oo} 24 (reduced graphene oxide
aerogel; rGOA)S A3t RO R GAS 7] 2 )
G QL g GO AEQ AFOE o]Fox] 9o 2E
gl2o) Edgo] g gdAIL}F 22 544 A S
9k opekgk &80 sk TS 71AA st shebA <k
AAE AYA 7] wiwol], AeddS fleliA e At
Al B whadA|obe] BAaA|7E Qs ol & Eo,
B RE(CNT) F40] 715 Hol| &8 9= CNT-rGOA
3= rGOANA LAE = A4 W vwsie] 2 3
3 45 5 R IES YeRITE” B3 rGOAC] #7]
AEARE ZEEk vEoXl EAle W] A8k /i
4= WA o ASAY AF02A4 &) 7hseith
SHA, A=A A1EA}F polyacetylene®] WA o] poly(3,4-
ethylenedioxythiophene)(PEDOT), polypyrrole(PPy), polyaniline
(PANDH 2H& A%/ EAke] A7t AEF 0= AFE|o]
Sk ol ek A LA rGOA 2] £93kE 53t
oUA] o] tute] 28] AJ5-S FIATIE AT Bl
3 QTR AL Ouyang 52 rGOAY PANiE 71713}51H4]
Ql WhHo =z FEMATE rGOAY] 715122 F4S A3t
£ GO FES] ool =218 PANi 02 FE o] M=
A€ 7E ¥ F25 B4k rGOA-PANI R E5THAIE
THE LY o]H 3 rGOA-PANI 73 E3AI= B] FH-&50]
669 F/g7tA] 3=l om, -3 7] 8-S Bl
Axd AAkel 771 ke slo|He|Eshs FAHS
2 s olFe] A F AnkBP HZolle £ A7 7]
FEEE o83 771 stelBE|E S Aste] 4L
AT F =1k 7] A2=FH(simultaneous co-vaporized-vapor
phase polymerization; SC-VPP) ©H=3dl g0l 8ol = 77
A -l TdoR= AT F fle, T4 TFolM #Yd
52l 771771 A (PEDOT-Si0,** B PPy-Si0,”)
E AXE 7 Utk 713EEE sl =W 71AS] SEA
7} 3iA o] Al A st 4ds T T 8T
T Ao, HT S 7 v FFA o] ZEo] &)

o
~
U
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AW

Slt} 2435272 E3] pPy= PEDOTO Hl&ll @A) v]go] Y
3, el golsi, AxAS 28T & AL, 71 A
3} SoA] 7] WA 28-S s, 37 Qg wEell
Feh AwAd a2t 5 = HeEof Sith

B Apos 58 A7A/AE AEE 7HRE B
xR A 53| 0] AxE SsiA sAF2H et I3k
< 5319 1GOA THAE WL 715 53] rGOA-
PPy &= rGOA-PPy-SiO, 3 EA|S] AXE a3t
1GOAS} rGOA-PPy 55 rGOA-PPy-SiO, 7-8E¢H|¢] &)
14, slat 24 9 7| g RE vl /A skt etk o
%3l 1GOA-PPy B rGOA-PPy-SiO, 78 &gk <] JAA
o, 714, 9 e 22 1714 548 vwsisit

=~
s

o
T

oH

Al = |

Alef. PPy<] 34 Al pyrrole(Py, MD Bros.)9} Ak}
Ao} =HE &2 3= Iron(lll) p-toluenesulfonate(FTS,
ALDRICH), AF8}412] 8121 1-butanol(JUNSEI, Japany= %
A glo] AL&3Fth Graphene oxide solution(5 g/L, GO-
A400, GRAPHENE ALL, Korea)?} #wF2IT ¢l sodium
carboxymethyl cellulose(SCC, ALDRICH)= rGOA T3 YA}
AZZS 98] AR5t Ethanol(ALDRICH)YS rGOA-PPy7
stolHe|= FYPEGA Az § vvkE vhE=o] AFE 9
3l AF-&3}%1 T} Tetraethyl orthosilicate(TEOS, SAMCHUN,
Korea)= 71458 Aldll Si0,9] T2 AA glo] AFg-3}
At

rGO Beads2| MZ=. 10mL2] GO -4 &(5 /L)l
JAFe] HRITE SCC 1 wi%s &3l A th ¢Hd3] g3d
GO} SCC &3 -89S 3mL §3<] Hd FAPI|EA 4
74: 0.7 mm)el] Fo FHSIATE QA7 2 A2 H]
o|A F# FAIE AFA] HZ(Model: LEGATO200,
KdScientific Co)2 YA g £E=2 GO FEAF &8 HA
8] W22 Astslglth. A2 vlo]Ad e WEES dAE
29} 3 BAAZE & 100 mL SekA= okl ¥t =
A E 0°CE A A, JF FEZE o83l 47 5
F et 4 7AxE AT o7 GOA T+3Y
A2 E7Rel] ¥, 400 °C furnaceol|A 5% E<F & 3kA]
A 12mme] 73L& 7= rGOA THUAE A=3 ).

rGO-PPy & rGOA-PPy-SiO, &S M =. rGO-
PPy 5= rGOA-PPy-SiO, T35 A|= SC-VPPS 53l A
252t} 1-Butanole] = 37)2] Blo]FollA] AkskA|Ql FTS
= 727} 10, 20, 30 wi%= ¥l wHkS B3l $hd3] 83lA
ZT} 2g71oA A ZE FTS £9(10, 20, 30 wt%)oll rGOA
TEBUAL 0.1 g& 30 5<% T ¥, tGOA YA ¢ 7]
I7H] FE3] FTSE IFA7171 leiA 223 A1A7] (Power
Sonic 410, SRIHIA)NA 259 A 2]taiTt. A2 24 glo]
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HEIT 31 60°C 280 1038 B¢ Ax= & vi=E VPP vt
7] Fo& o]FaIatt. o] W TEA(EDOT)E 2ol ¥
7] shi-e] HEZ] tgol] Yol vkg7]e] W= FTSO
ANAGsE A S8l % 302 AFEH HAAaE 10mL/s
o] fgo2 327 sl AaR97Z 2% i S
gro] dojube 308 < HEE71e] W 25= 60°CE
AAALE 71417 B8-S dE rGOA-PPy-SiO, TBE3HA]
Az Aloll= EDOT TEOSE 1:19] M= &§ste] vt
71 shke] HEZ tHol] YoM, FTS & o] T3
rGOA T Y72h= ¥HE7] W9 w4 2o IA|A|Z T
30i7ke] Fo] SREH AFHE dekEel A7 ol T
F ARG E o] &3l 2= A HFITE HF F 60°C &
Hol|A 7AxEte slolHE= BAE AUt

rGO-PPy = rGOA-PPy-SiO, T&E&Hel M W
MM 8 B4, 54 TS AME3t] A% rGOA]
FAeH EAE I flotd AU A 9 s
A} AA; v 7 (SEM, TESCAN, VEGA3)S ARg-sto] o
21Tk rGOA, rGOA-PPy = rGOA-PPy-Si0,2] 33}
o] BEZAE SEMS ARE-ste] ARSI YAk §
B2 F3%3 GOAZ} rGOARS] E 3 AH-E Akl 4
3l Fourier-transform infrared spectroscopy(FTIR, Thermo
Scientific, NICOLET 6700)2 AR8-3ld #3524 em™Z 3}
o] 4000~500 cm™e] FolM st T A ¥ F
PR shehA] 248 A7) H18A] energy dispersive
X-ray spectroscopy(EDS, BRUKER, X FLASH, U.S.A.)9] 3
Q1E 9 mapping ¥4] % X-ray photoelectron spectroscopy
(XPS, MultiLab. ESCA 2000) #42 3}tk XPSE 0~
1200 eV binding energyE 0.05 eV2] stepS =2 scannings}3
th. 17H¢] rGOA-PPy B rGOA-PPy-SiO, & YAe] 7]
2 e 2Akel] flsix 578 HutelAE Azt €
3715 ARESk] )71 gl 200~250 nm FA9] silver
lineS Z2Ht}. =2 silver lined A XE slo|Bye -
@ YAE silver pasteE AMESt] U HEHH R A4
AlA 274 Huto| 25 A3 T YA A A9S

W7V ES ol8dt 1 dloj2Al-EeuE ey H9Ae] Al 515

918l LED -} 248 ©]-8-3ke] power supply (EXSO®,
DC power supply K6133A)°l 7] tulo] =& AZAste] A
A mAEA 2 AAAYL #FelEAh LCR
meter(GW INSTEK, LCR-6100)°] #+5017 =4 t]ujo]x
£ 4% F v A& Adpe HERER g9
a2 % EE

rGOA ¥ rGOA-PPy 2&HH[o| S2[slaM L= 824, 2
Aol s Ak e f7] LRARTEP 54 2
Ho g thgA oo]2AS wte= HPAS GO -89 2¢
S GOASH -2t ' AAlE v & Stk 2
T a3l Aske 2o 1714 AEE Bdstazt
d IAAAYE 3d rGOASE AXT = Utk HZ A
Ouyang 5] HiIg GO 8915 AR sl Aslsie]
FUAE v=e W] ddele g, 2 AFd A=
GO7Fe] &g o] T8k Zate] FRUAE I &
3} th(Figure 1(a)). GO &40l A LA SCCE
Lwt% H7Fste] sAFEsA 43 s 7He 794
A2 T SISITh(Figure 1(b)). GOA B rGOA 73 ¥zt
o] 99 REZAE F4E GO AEES°] S FAst
) 112)2 AL 3l Itk GOAL] Tl & uf, 7 5
AoA ER7EA] AR 718 Alde] WEsh EE 5
ThFigure 1(c)). ©1A2 71&4] F A Bie Aol
Ittt o]y et REZAE /K& ol T4 T2 5%
GO &2 Aoz FFu|7] wfFof, A i) F7]a
Zeel A5 7k dFle & ex S e o] L
2= 78 FHNA TS e A AF ) s FX18
o WAl A S AZdshs 99 TR AE F, o
AAEZ 3] GO A& Yo FW¥E Fo] A7t 3gol
A WU A g B A o] nlo]AE2n]E] Alo]=2e]
71%-& 7FAAl |t} Figure 22 GOAS} rGOA 4A+e] st
A A4S 1] 9184 FTIR 24 A3olt}. GOAA
= -OH, C-0-C, C=09] 7|71} tj-8-= & 3338, 1033,

Figure 1. Morphology of GOA bead: (a) SEM image of GOA beads prepared without SCC, SEM of image of GOA beads prepared with

SCC; (b) surface images; (c) cross sectional images.

Polymer(Korea), Vol. 42, No. 3, 2018
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Figure 2. Comparison of FTIR curves of GO and rGO bead, inset
image: optical images of GO and rGO bead.

1716 cm™ ¥ FE0] F5151A4] LERE O 400 °CollA] EA 2]
£ 2843k 9] 1GOAdE= -OHS}F C-0-C= Ak, C=0
Y3E 79 FojEo] o] gy ow APt AS
& 4 Aok GOAE gt 7S WA, & $HIE rGOA
AR Ao A7ZS B oFTH(Figure 2 W3 33t o|m)x]
AR,

e A7H7IAA BAE TR E AR At
E3H|e] AZRE 28 A716M AZzE rGOA THUAE =
3 VPP 34 S 53}9] rtGOA-PPy = rGOA-PPy-SiO,
TEEHA 9] AZZE =35I THScheme 1). & 1S A7
1GOA®l| FTSE §33 Fo| VPPE Algale] PPyS 533t
rGOA-PPy 53HAI= 55 Ho FZ YAk} vl +39S &
] &}53 tH(Figure 3(b)).

-2 & olde AFEA PEDOT-SIO, =+ PPy-SiO,

FTS impregnated rGO beads

rGO beads

hybrid 2D 22| 71414 Zxe] 43 F7ke 24 7=
M-S SISt PPyFte] sto|Hetest g4 F1t
2 71AA =g 471 913, EDOT ¥ TEOSE 54l
SHA) 7= SC-VPPE AHE-3te] rGOA-PPy-SiO, &34
A %8} 4 th(Figure 3(c), (), (i)). rtGOA-PPy-SiO, &4
rGOA-PPy B¢ o= G2] AF g 5ot A1
FHE 7S AR Z S K Figure 3(c)), T 715-9
vz 2 FR = tk(Figure 3(i)). Figure 3(H= rGOA-
PPy-SiO, E-3HAe] 1 BEZAE HFETE rGOA-PPy-
SiO, E-9HA| FHE A2zl FRE o]Fojx FHHoR
F2 FHAS FAEL AATE FH2ol| £ A7xle] Bt
T4 PEDOT-SIO, &/ A=A mgxtelr= A=A 9
7te] FHAS FHAIA YA shte] A7 EEe) -85
o] FEUS B up ek olejg W] Z H=
< Z4-s7] $81A Figure 4914 SC-VPP ¥4 lA FTS
sbslA|e] kS 5871 AlZg rGOA-PPy-SiO, HEAIE<)]
W REZAE FFSATE FTS 10 wt%oll M= HHshd
rGOA A}EHo] F#2%Z)2 rGOA-PPy-Si0, 23t 3%
H BEEAZ v FTSY shao] S7istel] weh 39
=342 TS AskE ]I

rGOAS} rtGOA-PPy 3= rGOA-PPy-SiO, E-3H|¢] PPy}
Si0,°] Ay g, Shgat e sheha A4S Hlaalr] fls)
A1 EDS #4235l th(Figure 5). EDS 2=2|EH ] 739
E22(C), AA(N), 2H2(0), (Fe), HEFNa), 22 2(Si),
2 3KS) I =7} 2+ 0.28, 0.40, 0.52, 0.71, 1.04, 1.60, 2
230 keVell A VEFATH 1GOAY A UEHYE Na 94
rGOA TJ YA Ax FgolM vRRige] o= H7lek SCC
oA YRt Zott, EgA|A WAE Fe Y4+= VPPE 9
gk ABSHA| R ARE-E FTSOl| 71918k A0 = E9kA] Y=t Al
30N 715 Well | FTS7F 943] A A=A 2317
wjFolzk A ZFAth rGOA-PPy, rGOA-PPy-SiO, E3H|+
rGO°l| 3l PPy Z-o] IR =] Aie] FA7t AR = A&
- 5= 2tk rtGOA-PPy, rtGOA-PPy-SiO, E3H|¢] A4 3k
& 717} 6.80, 7.29 at%3Jth. T3 rGOA-PPy-SiO, E-3H4] 2]

Hiy Lo

ol

R i

VPP of EDOT and TEOS

rGO-PEDOT hybrid composite

Scheme 1. Preparation route of tGOA-PPy, rGOA-PPy-SiO, composite by using SC-VPP process.

Zan, 4429 A35, 201843
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Figure 3. Morphology of (a) rGO bead; (b) rGO-PPy hybrid bead; (c) rGO-PPy-SiO, hybrid bead; (d) surface image of rGO; (e) surface image
of rtGO-PPy hybrid; (f) surface image rGO-PPy-SiO, hybrid; (g) cross sectional image of rGO; (h) cross sectional image of rGO-PPy hybrid;

(i) cross sectional image of rGO-PPy-SiO, hybrid.

Figure 4. Surface morphology of changes of rGO-PPy-SiO, hybrid
bead: (a) rGO; (b) rGO-PPy-SiO, prepared with FTS 10 wt%; (c)
rGO-PPy-SiO, prepared with FTS 20 wt%; (d) rGO-PPy-SiO, pre-
pared with FTS 30 wt%.

AoE Si DA =7} 4.15 at%E AR TE rGOA-PPy-
Si0, E-3HA4] ®HolA PPys} Si0,2 Hz% A B 7] s
A Ao} A2)E YA2] EDS mappingS A8 tH(Figure

GO rGO-PPy hybrid rGO-PPy-Si0,
hybrid

N(at %) Si(at %) N(at%) Si(at%) N(@t%) Si(at %)

0.09 0.14 6.80 0.22 7.29 4.15

)
s si
2 8 (b) rGO-PPy-SIO,, FTS 30wt%
g AN P S,
o
o

A (@) rGO-PPyFTS 30wt%

_A AN GO

2 3
Energy(keV)

Figure 5. EDS spectra for various rGO based composite: (a) rGO-
PPy hybrid; (b) rGO-PPy-SiO, hybrid.

6(2), (b). Aae}l 2|2 B/} dsp EXFL g9l
slo] 257} vl homogeneousstAl E-5t8lEo] tiar A

Z}ick, §9, 1GOAME 9] 9127k Bl olgle F
vaom A GO Az Al AHEE FaelA 71el

Polymer(Korea), Vol. 42, No. 3, 2018
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(a) S0, S2p (b)

rGO-PPy-SiO, hybrid

Intensity (a.u.)

rGO

rGO-PPy-SiO, hybrid

rGO-PPy-SiO, hybrid

M%WMWMM

rGO rGO

T T T T T
175 170 165 160 410 405

Binding Energy (eV)

Binding Energy (eV)

T T T T T T
400 3% 110 105 100 95

Binding Energy (eV)

Figure 7. XPS spectra for various rGO-PPy based composite: (a) Sa; (b) Ny (¢) Siy.

H ASR FAHAUL. o)A Rl AsiA ol 9
XPS £4& F35Ith XPS A AFE- A 102, 165,
400 eV A o= FI5E 717} Siy, S, Niol HS
3= A o]t} Figure 7(a)= rGOA T3 YA} rGOA-PPy-
Si0, E3HA9] S, ZHEHS vwslFUTE. 1689 eVe]
F= kel FAE rGOA T8 YA rGOA-PPy-SiO, 53t
Al FLsHAl YeERETE AT, tGOA-PPy-SiO, 5§ 9]
A UdeE 167 eV I 3= PPyol| SO, = FTS7F £33 5o] 1}
Ehb= ¥ =0t} Figure 7(b), (= N9} Siy, I FE r1GOA
oM E Holx & 400.0, 103.6 eVe] PPys} SiO, ¥ =7}
rGOA-PPy-SiO, E-A| oA = FSisHA et PPyet SiO,
o] S ERIT & AT

rGOA-PPy 28HH|o] M7|% EMEAN. tGOA-PPy-SiO,
EGA ] 7714 EAS 2P SlEiA, @ SE71E AR
ate] frel 7)ol silver lineS S35k, Al2E sto]He]
= 8 QJAFE silver pasteE ARSI FUSH FEHH O R
AZAANA 24 tinjo]|AE A %51 THFigure 8(a)). AL}
o] HAHFTHANL ERIs] fAsted, LED A9 XS 4
7] tjufe]2=of] AASIL power supplye] A4S vHEHA &

Zan, 4429 A35, 201843

g HASA AT FTS 10 wi%E AFE-&Fe] 21 28 rGOA-
PPy-SiO, H53AS 73 HAF 5SS ERIsIS o <
Al A 1.4 VTE LCR meterol] TH50171 24 tlujo]~
£ A4 H A v ZALE e HEREE 49
t}. rGO°ll H]3l|A] PPyo] 3ol H2] =% rGOA-PPy, rGOA-
PPy-SiO, B33 2] #&o] WthFigure 8(b)). 1= rGOA
PAF FHHo| Aol Hold =& S 7IXE PPy &
o] EAste] AR ] HEFA 0] Fu|o] W AUk
welty AzZtE T rGOA-PPy-SiO, EgHA| 2] A &gto]
rGOA-PPy E3A H} A o] F1=d], oA A= 28
s S0t EA8k7] wjieletar AzbEt. FTS gl
2 7+ B3A|e Age A4 e ¢ol PPy 2| A7t
714 3| rXE Y A Rt ] FHEFe] A
rGOA-PPy-SiO, E-337} 7P #3432, FTS 3 S7hl wh
2} AA = 7ol A th(Figure 8(c)). ©151S Figure 4(b), (c),
(d)ellA] EHok=ol FTS F57tel SJair] dztke] FHe =
o] AglEar o2 <lsl] EHA o] ZrIsith UnkH o=z A
5o ¥ AHES F4 A 2 JSF WA v, A
= Alole] Aol whEIFt}. FTS §Hke] 71l ule} Alx
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(b)-

1GO based hybrid sphere
“eJ L) ' ttem

100

80

Resistivity (ohm) x10°

0 10

FTS content (wt%)

B8 rGO-PPy hybrid (c)
mmm 1GO-PPy-SIO, hybrid 8

B rGO-PPy hybrid
mm GO-PPY-SIO, hybrid

20

Specific capacitance (F/g) x107

20 0 10 20 2
FTS content (wt%)

Figure 8. Comparisons of electrical properties of rGO based composite: (a) turn on of LED diode; (b) resistance; (c) specific capacitance.

¥ rGOA-PPy-SiO, A f#ke] A4 9 44 F7F &
ARl 7HY P, B S B2 FH A vE g
T Aok oA FTS ko] S71 uheby EAIgAte] £
Hzo] Z715laL 1GOA-PPy-Si0, E3H|2] B] &) =
7¥sitiar kel

4 B

S o 3t FUE GOA +IUPAE
=31 SC-VPP %75 © 2 rGOA-PPy =& rGOA-PPy-SiO,
EAE A F—Z—._i Azt rGOA T3 YA #H &
= So] w5 FAste] mia e F%
EDS XPS ﬁJ%ﬂfH A g A dape =
l";rzi rGOA-PPy-SiO, B35 gele 5= 9l
ek 5 FETIM GO Fgoo] Aol el <l
3tod rGOA T YA} vhH Ao A] vbAweko = HEAS
715727 AP E wdal AT SC-VPP 34 S AMS
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