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Adsorption and thermal polymerization of glycine on surface of anatase
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Abstract: In this study, the effects of pH and temperature on adsorption and polymerization of glycine on anatase
surface were investigated, respectively. The adsorption and polymerization capability of semiconductor minerals to-
ward amino acid and the relevant mechanism were discussed. The results showed that the maximum adsorption ca-
pacity of glycine on anatase surface was obtained at pH =6.0. Under weak acid conditions, glycine was adsorbed
by bonding the carboxyl group with functional groups or atoms on the anatase surface. Anatase catalyzed glycine
polymerization in the range of 80 ~ 120°C to form DKP, Gly,, Gly, and other oligopeptides, suggesting that the cat-
alytic polymerization products were controlled by temperature. The surface of anatase could provide active sites for
the adsorption and condensation of glycine, and could further catalyze the polymerization of glycine when the e-
nough energy (i.e., heating) was given.
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SAHEIR I AR AW 5K A A A i A U v e A R
R 10, FEA TR IR T g2 2 — A A F AL
KRG EZH 5y, VF 2 A am g Y5 S 21 57 A1 DLt
Ay 3 fifi ( Ikehara, 2009; Marshall-Bowman et al. ,
20100 o G SETROF SE A% 1 1 (1 [ AH 28 5 2 M Bk A
L U 1) A ST Porter et al. , 2001) . J5UA
e S R M L RAG, e A R R G AE T2 b
IR MEREAT (Rimola et al. , 2009) . Bernal(1951) ¥ i
HH HE ™ EL A R B A 4 O A R TR B 5 IR )
YERL, L5 R HORG  Hi5 3 a BE R AR 5 i) T
FURHARBARTE o H AU I8 R W], T BE IR A AH G ™
PIEHEAL T 5 JDRBEE FR) T 1ok 2 7 2 155 40 ~ 2 000 1%,
HA YW i 2 B 12 J % ) AR ) 03 10 ) G Ak
HEBE S o B 5 S 2R O B AR 5 RS A0 A= 4 23 1 2K
(FBENLT,2006: Yu et al. , 2013) . VFZWF5LLSEN
1~ = - ( Ramos and Huertas, 2013; Jaber et al. ,
2015) & J&@ SE AL 1 C AL O, Fe,0, %) ( Bujdak
and Rode, 1999) VE N 700 5, PR 90 24 BE 8 /1 H 56
THT FRIIR B B3R G I O o B 90 3R WYX S8 3™ 9y e o ik
FLA AT R4k R OB 0 R B 2 B, DR A — o 2%
PER CHRAGFR R GE INAREE D AL 20 HE 1R TP B SR IR
M0 T2 ARG W) B 5 A 4R . 2 3R Y)
AR IR ANT S eV [ R AR, RAT AR
AL TE T 2R, 2003) o E K I, AT
FARW YN FeS A7LE(Schoonen et al. , 2004) . —
AR — 2R W), A LA BB BL &
PR JURIAEAETE X o A7 SCHRIRGE ARG 4 M) A7 A
ZH s bR M 3R bk AF AR S R 2R AP ( Hazen et
al. » 2008 ) ; S BRI EME S Y 1 P2
G5 FRCR WIE 441 CTiO D WP INAFAE T, KRR E
AR AE HT R W38 B 5 2 C Arrhenius, 1987 )0 31
Ay ARG R AR AE T, Bl A b B2 A Ak
Wi Z N CQiu and Barteau, 2006) . A g HE
FEIR IR A Ak Y b, A AR ) T RE RS T
BAEH . A RS A BT, H2 Rk
Ak TR A L 3R 1T W Bk B B (Koppen et al.
2008; Jonsson et al. , 2009), #7~ T B ILMR &4 A
R AR, A B T T T RAL A IAE R iR
MECLiu et al. , 2016) J A& iy 2 ¥ 4 ( Fleming et
al., 2008) (A o BEARAT 2 — b i AL A I B2 19
TEACRT A . AT SUAE B G_L, DLBUERET
L ER L) 2 A7 AE HL 45 K a7 B H 20 1R o Wik 5 %
S, WRIUH ERAEBUERD 2 1 R I S A8 54T

X RE D B AR IR A ER A A K0 1 A AL B AT R

1 MRS

1.1 #R5iF

BUEKHTFE i A A K s Sk TR A A
XRD 4 #7 W %E: d (101 ) = 3.51536 nm, 260 =
25.336 5°, &k R S HRMER 7 (01-071-1167) #) J5Uxt
I 2P BT . S5 = B A Gly . NaOH . HNO,
93 W 4R ). C H,y NaO,S by 8 7 5% 10 8% 38 71
HPLC ft H W . £ A €418 2K 57, 1 B Tedia
Company, Inc. ; JTHZK R 231K F2liK.
1.2 WRHISELE

S AMFREL 0.5 ¢ BUEKA A2 pH K 2. 04
4.0.5.0.6.0.8.0.10. 0 I HZ IR W+ (0.5 mol/
L), il N 2 h, FARSAT FTRUE 24 b, B0
Gy B 5 R A7 H K AR ALE 30 ~ 40°C 2 A B B
A7 PIFANIE pH AEFE ST S H3EAT XRD M. 43
AFREL 0.5 g BLERH™ M A BIWI W LR 0. 1.0. 15,
0.3.0.5.0.8 mol/L M HZ MW P (pH =6.0), =
WP 2 h, BARSAE TR 24 h, B0
Jei » [R5 T K B K AE 30 ~40°C 22 A ERT E T, BT
AR AR BEAE S BT J5 E4T TA/DTG WK, FH 1.2
mol/L ] HNO, #12.0 mol/L ) NaOH ¥ 5 H &
PR KW IR pH Ao FITAS AL ARE S id A Gly/ BUAkn™ .
1.3 AHFEZIH

#5.0 g BLELH N 100 mL HZ R+ (0.5
mol/L, pH =6. 0, B8 3 41 FAT X D , =il 58 0 b
2 h, ASREAE FICE 24 h, B0 0B 5, BT,
H EAALE 30 ~40°C AT BEFEHE . RFIRE 0.5 ¢ Mt
TFE R AEA IR N AT A G S0 . W E AN
SR 4 23 1O ORI AN I 1) 25 11 H 2 R X
W o W SILHG LA b R BT 20 B AE 80°C \90°C
100°C < 110°C < 120°C R HEAT Ik, i 1 b J5, #E8 H
SRYAH1, FH 0.01 mol/L 1 CaCl, ¥ WG 5 i B 10
£ 34T HPLC W3R .
1.4 X HZ&475 (XRD) ik

X BT (X Pert PRO, PANalytical; 74 /3 B
K253 BT A ) PR 4% 2 AR AR Cu BB, K
(K, = 1.540598 x 10 " m, K, = 1.544 426 x
107 m), B HLE K 40 KV, 5 HLFA 40 mA, $165 70
Flh 20 = 3° ~ 80°, Z K4 0.03°, | X'Pert High-
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Score Plus 2 AFXF XRD K3 3647 50 HT o
1.5 #HSH(TG/DTA) MR

AT IR AE R 25 223 B X CSDT Q600, TA; 7Y
FARHE R B ) BT A o A
AT R 120 mL/min, FE S H 24 16 ~ 18
mg, SEIG I B, BB K. ] TA in-
strument universal Analysis 2000 /4% TG Kl i E4T
3 HT.
1.6 SXMHMAEERIECHPLC) M

HPLC P AE v B VL J5 PO BB BR 2 =] 1
HLPC 70T (A (AR SEHG %) EHEAT, 70 B (kAL
9 ZORBAX Eclipse XDB-C18 # (4. 6 mm x 150
mm), i UV A JIZE CUN3001D) 7 200 nm 44T
SHT. VB AH A CoH 3 NaO,S (7.2 Mm, H H,PO,
WA pHE ] 2.5): & = 95:5, &N 0.6
mL/min , #%°4 30°C . H EasyChrom K% B 1% 12t
1193 H

2 AR5

2.1 7[E pH ETHKH 3 H BRI M

H SR & 418 22 JIKORI B 11514 3z /D> 25 #4316,
3 - r [ B LA TR P R R R AT, AR K
A HL B, AT R KR pH BT H 2R A [
(173 PR o AR H 2R 1) 28 TR B 45 4% ( Lambert
et al. , 2009), 4 pK, (RSl #5550 /T 2.35 i, 1
SR B, DUIE B 7B AR 4 pK, KT
9. 78, Ha MR A v By, DL & B A7 18 W&
Z 1), H SR ) LA 25 1 R XA AR T /K
1 WA PR R B S R pHL A AR A, AR
Hn] U L FERIUR pH (EA 4. 0.5.0.6. 0 S5 55 1R 4
PR, W4 5 pH B3GR, R %4 P H A
i 1T R e PR R A R 3 B KA SR T, H R R
R WL s b, pH S K.

R 1 GAW IR T EREE SRR pH EE L

Table 1 pH values of suspensions of anatase in glycine solutions before and after adsorption

pH 1H

WITHAE 2.01 3.00
P 2.03 3.01

4.02 5.01
4.22 5.30

6.03 7.01
6.72 6.99

8.00 9.00
7.98 9.01

10.02
10.04

B A AR pH AEAIE T HE RS Bk
W B BE W B P 5 5 HPLC 045 70 H- 20 1R A R =
H SRR B E W B B pH A (1 38 X 18
K, AE pH AN 4.0 ~6.0 ZEA7 I, Ha RAE Bk |
(I B AH X 852 K, pH = 6. 0 I 5 B 5 KR B 5 pH
B4k 3486 K, H 28 1R B et 18 W 9 20>, 3R W H &R
IR pH M H 2 R AR B LBt 2k
R AE AR WP I A7 78 T XM T pH {E, Jonsson 45
(2009 W FEFR W, BEAE 215 5 (1K) FRAIG, 2 BE IR 1 It
B S 38 I, pH (B 4R SE3G K, Al L (I Z IR
1 A0 AT (BRI AR HE R . DR, BRI ke 2 R
fiff 7 AT S FE IR B 45 1424 pH =6. 0.
2.2 HIEKH WRMIHEEE XRD 547

H AR B ERA 2 1 1R W B2 1 2 R 7 L3R T
HEAT I 7K 455 & 1) BT B2 o 1812 24 R TR D 46 pH (i
AT HEAT W B S5 S S BT A3 Gly/ B AKHT A b
XRD B . 2% 6 IO BRI 5 AR RRUK Z A0 ) 7
AACEEFTAF . LLC101) TH A B, ASR] pH A4 F R I
B S~ 4887 5 1R Gly / B0 BRI A i AT 5 068 B 41K T 22 1 8

100

W pEHE mg.g=1

pH

K1 ANFRIS pH AE T H 2 BRAE BBk L R B
Fig. 1 Adsorption quantity of glycine on anatase with different

initial pH values

W FLBES pH B A3 K, C1O1) T A7 5 0 52 30 56 9
b JE B K RS, 78 pH =6. 0 2247 AT 5T I e AIG; HoAth
fn T AR R 26 A R R B AR A, b, T8 X A AR A
XRD 4 45 43 1, BT 45 FF 5 C101) [ ¥ d {8 b 4 pH
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B2 AN pH A4 AF R HIAF A CGly/ LB D #E 5 XRD 4]
Fig. 2 XRD profiles of the samples prepared with different pH

values of aqueous glycine solutions

HAZRA AR, FEISIR A AT (pH =6.0 oA B
M CH 2 I A4 0.05 ADo FF S AT S
Wi BE G pH AR AR AL M0 A A= AR A 150 W] H 2R A
Kb 5 BB BB R R IR, 52 T BEERAT 45
JEE, ALILEE W RN B B AR S i Dy T2 I B
PRz is AR AL i Cli BT RS Ti 2O Jst 7). 874 d

(001)

(010)
E (101)

THARAL T e A h R e 2 3 DL — 5 7 20 b
B 10 5 38 BHE S ER 0 it T B 1 T8] (R4 5t o 5]
EE(Vittadini et al. » 1998) . ISR ER I pH 14
HITRREAT T, H 2R n] gl ik BRI A S g (R
FE, 20140 3B (AN Ti 8 R 7E Tio, b
(Langel and Menken, 2003 ) ; ZEAN A1) pH {H 4 1F T,
AR LAAS ] 1 AR AR T, s L 5 8Lk
RIMPR I I7 2. B3 S H 2 R AR BiEk™ Enl Re 1)
W Bt 77 5K
2.3 AREIRE Gly/ Stk 7 # @A E(TG/DTG)

VR

Bl 4 SR AN [l o H 28 R o 55 B0 B kAT I i
S TS Gly/ BUEKA 5 (1) DTG 4 CRAR IR BH U
BAE AR P EATIE) . S H 2R K W) Ih
W = (= 0.5 mol/L) I, 455 70 ~200°C 22 [a] H 3
— AN E L PR, 6 R RS H R I K 4
200°C LA JiF H I 1 2 T U4 o) I3 Ok H 208 43 - DA K% 4
GRS I e 3 AEZRST, 0.8 mol/L
Gly/BUEk i £ il BT 13 DTG i ZE7E 70 ~200°C 2 [H] 1)
W 437 B AR AR, 200°C LA BV 2% s BE NIk B TR —

it ki ikt L

3 HEMREBERN LAt b 5 R E B (Ojamie et al. , 20065 Szieberth et al. , 2010)
Fig. 3 The possible adsorption model of glycine on anatase( after Ojamie et al. , 2006; Szieberth et al. , 2010)
a— IR IBRRIR AR T 58U LA Ti JR T & T8 BORRBTESS ;. b—H AR A S BT LAUR TR S b o—H 2IR-
COOH — i A7 X Ca) Hi, NHy He RN AL — 41 AU 1 2 I i
a—bridging-bidentate species binding formed between oxygen atom of carboxyl group of glycine and Ti atom of anatase; b—hydrogen bonds formed
between hydroxyl groups of glycine and oxygen atoms of anatase; c—the-COOH of glycine is bonded in a manner (a), and the NH;'

group is bonded to adjacent oxygen atom



553 4

177.1
0.8 mol L N,

2879
178.7
2741 0.8 mol L

1621
0.5 mol L
2621

2573

0.15 mol L

.,
) 0.10 mol L

————————————— T

DTG

100 200 300 400 500
1/C
K4 A H R HIR K Gly,/ BUEE FEdh DTG
(pH=6.0)
Fig. 4 DTG profiles of the samples of glycine on anatase

prepared by different concentrations of aqueous glycine solutions

AR TR T B & WAL, 5 — gk T2 R
93 T LU JCRE N0 0P A A o i 3 IR B0 R B AT A
R IER LKA IVER 24 H & R AV o) 4f ik
JEMET 0.5 mol/L I, DTG £k F A Hy BT & (1)
HER D TIOR8 A X N 1 RS 5. Bujdak 55
(2001 W\ Ky 24 T 2 7K W VRO B2 A N S T 2 R
K G5 A A R K 8 A Ak B T A 8% R R K B R
T H &R KGR £ B i G
3.4 FREIRET Gly/ St HRRGES =2
Wik 5 Fros ok RO % CHPLC) T 13 Gly/
BRI AR R AEAS RS NI 1 h R R A
G Do AEBLEKET A7 A 1) 4 AF R, 80°C A
RATEE 90 ~ 100°C A /D& Gly, A2, i 2 4% 25
T KEM Gly, A%, Hon] i 0 22 5] DKPCIHR
RO K Gly, B b s 2 T3] 120°C 1 Gly,
K DKP B i 5386 T3 120°C Ji5 L B 4 2L T 5, DKP %
Gly, A e R iy Gly, B &, Ui Gly, 75K
AR Y Gly, o TEBURT AAEAEI AT T, HAR
M HSEMASKI T ARERE. 45 REKW], BIEK
A7 A Z R AR T CSE IR A T HLAR N 3R &
W (0 A 132 3L IR 52 5 Shanker 25 (2012) WFY T 44
BRI ERAE DL, T34 15 AR 5L
BUERH™ 0 1M s I3 r A DAy A7) R 2 1 R 380 3
A, BG4 A N 0 Ak e, A N 2% 5 HE AT
Bujdak 251996 ) Al Rimola %5 (2007 ) #F 5% R BG4
FTE KR T B i 0 R 2 ik 5 FR L 2 TR 1
B N REAT (1, BUAKH™ 2 42 AL 7 IR PR R B A 52, X6

Bl H AR BT E R B 2 A A B Y 509
“ 80°C
\~f\!
r‘ 90°C
Jr e
\ 100°C
\ 110°C
‘A—A;—-— /\/\
120°C
DKP Gly GI)":
'\ Gly,
J 4 J 6 8 I 10 [ 12
t/min
K5 AENRE N HZE RSS2 G HPLC K

Fig. 5

anatase under the condition of different temperatures

HPLC profiles for polymerization of glycine on

AR A B A Y, 8 2 — v U B 31 B8 Ak 3R T LA
Jo » FRBED SR T LT B B RAIG, 2 2 B i IR SR
Mk, BAR RN W 6 Bizs. BS o] W 3] Y
InFAEl— e 5, A7 K& DKP # Gly, JE i DKP
N R A —Fh BT =), A RS
SN R E =), AR R DKP B S Gly 15 H A &
Gly,, & Gly, 1 % B 5 Ik 28 1 — ) 5T, Mar-
shall-Bowman %%(2010 ) 7£ X 5% ik ) K i LA & Bujdak
(1996 75T — IR 18 3 45 1F F 24 R 1 4 &
WA T A LSS 6, A SCHT43 HLPC 45 Rl
HESE TIX— 1,

4 gk

FEFIRAATE T, H &R 32 20 R A 5 [ 5
BRI B A5 B, pH = 6. OB, W5 B s 21 fg K
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Fig. 6 Thermal polymerization mechanism of glycine on anatase Cafter Bujdak and Rode et al. , 1999)

£ 80 ~200°C i [l P , 72 BBk 2 1 1 H 2R g R 4
i 7K 45 2 | R, 78 80 ~ 120°C Vi [ I T i 7 1
DKP.Gly,Gly, Z&5£ ik, Jrd DKP R #4444 T 4
G EZ Y. BUKH R H 2R BRI T W B A i Ak
PR TERR A — 2 RE R CINHO A T, el 2 R R i
IKAEETE RN &5 b, - AR P BLERT Re ks v
V0 2 T W o 4 L T A — 8 R R R AL
R AR IR IR N, 3K — [ N 0] BE 7T J 4 Hu sk 2B K
ST R T . R
m%%%ﬁﬁxﬁﬁﬁﬁ‘t@%ﬁ%#‘r S ROGH

Rede b Ae i, HLZE IS AE T H = R 4 & 2

A 5K T AR ABL A R BE S T A A A S R R
T K AR P BARAT 8 SRR 1 ot DL B e R
DA SEAR HE F K 2 R R PR
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