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A FE pH £ T $H850 R BRI E L
WA A

XL HrE RALE ARE
R Fx4a

(fep kil R%E, RN 430070)

] E

BLFR XPS B ARBIF T A [l pH &4+ T #Hk0 RE B AL X R BELRE R, SRERW.
B —E B, 1K pHEA AT B AL BC(Y, B pHEA M TR B NEERA. KR
pHEF R, §H kT 3% I &Y 5 5L AT {37 B% BP 82 5 b 1] XUHE Fc {37 9% 5% 16 pH PRAR, XUETC 17 5% ) ¢
183 ) B E RS BE L. AT IADH, KR pHIE IS B W78 vl P B BRAR N 38 1 SRR BE v 6 8k
REBEMB AL, pH ZEHS I RRERBRBETHBREMNES, ZIFBHHY REBHA
PMEAKENERRE, NERUBNRBERCARRUBRKNR, REETRRRERSY
HIRREME WA,

xX@ia  srekE, B RKL REAY.

PEMEXMERREFIBENAR 2 —, FE LN, WA H, RBESHERER
HEARERHEDRSNEZRR. KREMYEX B IRIREANTEEHE
ALYy, R 28 B A R T XY R B2, B B R LR HRE, B, LT A MEYE
BUMEERE, AXEERR—EE L BAEIRBR RS, S RE ALY R TE B
HLER B BRI, R X B ST L RAT I, BRI, B E AL R R R LAk
FRIEASRERW QK RS, BX 05 AR A KR P4 RH, 8 R M, 8RR st
HEES T, BRREREFIEE". BEEHN KT BB, EERMA X HRA
BT BB (XPS) i, ELERIRM 7 EAL SR R BRI S5 BRI ERE, WP EL %
YR B BEAE AT BB R E A WAL M RE, 5 SRR NERAE K BE
P S BER BE R, e - DURE AC A 1) B B RO AL AL, (EBEA XA pH AR AR R
PHHELFZHT, BACKRERMBIN L RER KRR E® N AEERE, AU/
— &I,

* EFRAARNZESHIRE (HES. 49471044).
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H&THERSE CERT]. HHET SRBE LB FREEKE, ARBEsL, S0C TR T&
.
1.2 SN I RE AR B

B8 48R F AR BIE T 8 AN/ BeAF b, & 2B FKOF AR HCL 5% KOH % i 4 5118 47 Bl
pH 4 4.5, 7.0 F19.0, ¥ 50 B0 A 34 R pH B KH,PO, % i (8 / Mt R 1/ 50), Kb G4-G6, G8-G105
HERFBEREREEN 1 10 " mol /L, GTHXH3x10 *mol/L,GI1 H1x10 *mol /L. f AT-117%#
B 3 # i E X B, B8 pH {E, 70 0.02967mol / L 3B A S A 5L Rt R P RO B2 2, (R9F14 R pH
fHfEE., —NMIEERMERER, IC T LRITEN HCLE, 25 + 1C T P4 24h 5, B0 G4-G7,Gl11 §
B, W EBRM R, G8(pH4.5), G9(pHO.0) &I pH 4+ B ¥ & 9.0 1 4.5, 4k 4 F iy 24 /BT, 350 W 8%,
GIO(pHS.0) ¥ pH R E 4.5 5, k4L T4 72 /Bt , B0 W8S, RIS RELLEGHBRAE L% 1.
A RENREYERAZE T AR K EEERACHEZR, BEHREYE SOC THT, &M,
1.3 X STER5cE FREM (XPS) 347

I bR Bt TA7E ESCALAB MKII X M Z0otm FRE M E, M MgK, X &4 P T4 &
(BE). Z+ATBIEIEZ 4 3 X 107 'Pa, F Hi 5/ 40°, B RAEME + 0.1eV, B C = 284.60eV #EATHER
KIE, REEE T4 0.39,

2 HRER

2.1 AELEFRGTHET REAOBERH R
BE 1 FHREATUEY. (1)G4, G5 M G6 SHMBEARKEHR, 52 pH &5 5
R 4.5,7.0 9.0, EANTHBER M 2 B8 pHE A R WK 2)G4 5 G11,G5 5 G7 W) pH{EH
F1 HET REOBRHR

Table 1 Phosphate adsorption amount of goethite surfaces

¥ 5 & H mABEME R B MR H B
No. treatment Concentration of p added P adsorbed H' consumed
(mol/L) (1 mol/g) (1 mol/g)

G4 pH4.5,24h 1x107 188.84 88.3

G5 pH7.0,24h 1x107 158.52 235.5
G6 pH9.0,24h 1x1072 132.03 107.8

G7 pH7.0,24h 3107 168.90 —

G8 pH4.5,24h—pH9.0,24h 1x107 139.65 —

G9 pH9.0,24h—pH4.5,24h 1x107 194,52 —

G0 pH9.0,24h—pH4.5,72h 1x1072 195.69 —

Gll pH4.5,24h 1x107° 49.50 —
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[, BB RRERE, KRMEK; (3)7 pH4.5 T T4 24 /NT RS89 #E, BRI &
k1 188.84pmol / g(G4), B H pHIHZE 9.0, H S &L V& 24 /Mot G, KRB TN
139.65p mol / g(G8), XL HAMEERRZRpHA R, $H T REA BT HHEHER WD E
pHY.0 T P48 24 /NET, 4H 8B IREIBEE X 132.03pumol / g(G6). 4¥H pHIBZE 4.5, 4
¥ 24 3 72 /hEtE, EANRIBER B2 3 2 194.52 A1 195.69umol / g(GY) Fl (G10).
XRUBEE KRR pHEKN R, (10 RO RHBHEF T XN, BB FERE pHK
A2 G WIHT 24 /N B R SE LAY s (5) AR G4, G5 1 Ge R B i 2 v, BERRIR Bt i
OH™ #F MBETHFEHN H* B4 510 88.3,235.5 1 107.8u mol / g, BI7E pH7 &4 T, BERR
RE#HIT ST REH OH &%F, pHI.0 BF HIK, pH4.5 B &/,
22 = pH T REMPOELER

HHE G4 EGIRE PT84 (BE)EN 132.75—133.50eV (& 2). SinMERE
x BY, B4 T HPO. ™ #9 BE {A (132.30eV) # H,PO, # BE {8 (133.50eV) Z [a]. B %
L5, ERIAREN P4 20 BE1 (132.27—132.85¢V) 1 BE2(133.28—133.86eV) B
AL R A, X B AL 2R 5 B R HPO, M1 H,PO, . BIAITHE #8818 F % B2 i e
T 3 g R HE B Aoz i B

WP BSR4 R (K2, B 1) XY, # & G4 (pH4.5) 1 G6 (pHI.0) B
B B A 1k R A 40 1 R DA B BE R O 3 (75%) MDA XUBE C 4 08 & (77%) . #E pHT M %
HT, R GS R BB IR A 41%, WER ML BEY 59%. X i8] L 8% H W B AR [F] B, BE
AW pHEMF &, 87 R ERM B AL RS B BRI EFH N R ALH
¥, ERpHEMTBENRMIER, 53N pHEBE B H BB E F XM 055 88

AADA
ARRN

+

130 132 134 136130 132 134 136130 132 134 136130 13) 134 136

BE (eV)

B ST REP,H T 458 BRI LA 1%

Fig.] Ftting spectra of P, on goetnite surfaces
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R2 HETRAP,ATFESEE (BE)MEMALL
Table 2 P electron binding energies (BE) and percentage of coordination of phosphate

Ve 3. EiA P Y. B

i a2 BE Biradical coordination Monoradical coordination Total coordination
Sample BEI1 F+% u molg BE2 BF% u mol/g u mol/g
No. (eV) (eV) atom % (eV) atom %

-4 133.10 132.27 25 48 133.45 75 141 237
G5 133.00 132.64 59 94 133.28 41 65 253
G6 132.95 132.74 71 102 133.86 23 31 235
G7 133.25 132.74 49 82 133.68 51 87 215
G8 132.75 132.56 77 107 133.80 23 33 247
G9 133.45 132.85 58 113 133.62 42 81 307
Gl0 133.45 132.75 43 84 133.56 57 112 280
Gl1 133.10 132.71 64 32 133.62 36 18 82

A—2. TR, EB pHESEWBEPBERREE FRERE WA Sy R ERKH B0

KEGEGI ML URGIEGHEL, iENHRESTEE, KB AR E
53 (75% M 59%) LB E B T /58 (35% 1 41%). B pH{EAE B, A KB B85,
BAE AT HR AR RM. XEWE, B pH S, 7 B B 02 2 S 4k gk | R
B REWEZER R, BEKERS, o B4R AR R & 985 B S R AL)
HEANBEMIRER BT R 5 RS0 (R, S EEBRET &1,
23 #F pHEMTASHEY REHMENA

MFZ2TUFL, KR pH X 4.5 8], 89 (G) ZRE W8, NERMBEE S 5 A
141 #1 48 mol / g, & L BEREH B I 75% M 25%. $FE R pHIEE 9.0, k4L 74 24 /N
Ja.G8 B 5L, AR BER 25K 33 M 107umol / g, F BRI ER 23% M 77%. X
AR pHEH 4.5 7 F 9.0, P& 24 /NG, $HE9 REH 42% F1 35% B HERL AL
BE B N ERC I BEA R, HRE WA SR R ALY EH N UNER ALY
*.

1K Z pH A 9.0 B, $H 855 Go K 8, AR BEE 2 50 30 F1 1024 mol / g, & 8%
MR RS 23% F1 77%. KR pHRZE 4.5, 882 V48 24 /BT (G9) F1 72 /BT (G10) , R
BRERAIBED AHEE 81 M 112u mol / g, & G BETR B8 42% A1 57%; SUEEBCALBES B K
113 F1 84u mol / g, & L B M B 8 58% H1 43%, BNFE pH T M5 1) 24 /AT N, BES: GO %
B, DRI BE S 5138 0 S1 A0 12 mol / g. 156 BA X BY A 18] P9, B & #8458 R it , {2 28
FEC (07 B 38 10 6y EE ] L XU O AT B 44 K, DA BOXUEE e B 1) LU AR o T B, B 3 F- 45 B i)
R, TR 5B 48 /MBS (G10) A3, XUE: AC (7 3% & 8 2 30u mol / g, B A 4 8% & 1
3lumol / g, FIFKK/MELT. MEXLEEL, AT, WERMBHREL, FERR N
AT BRI, XMEHRE - METREBH R,
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3 W

3.1 #F pH BAMNHKT REAREURIAR TR WA

SHERD REBAERR pH M 4.5 F+ X 9.0 B, By SELACAL N F#78 AN E, H
AR BRMAB BT, BRI R T, KR pHM 9.0 B3 4.5 B, $H k5 R EH
BERYIE IR B, B NE R B R G M R AR BE, X RR pH ML E
U E R RE B R TE R,

BEE AR pHI T, ST RE SHR P B FRIRENR A ZNTRE: (1)FRH
OH ¥ %, B R | Lo RREM A8 (HPO, ) LR T, #%& N HPO, , B 5K E LA
WBE OH™ B — OH# AT XK, FE UWER &Y. KRR MA):

—Q O —0 O —0
N\ I N\ Il \
Fe—O—II’—OH Fe—O——Il’L—OH Fe—O O
/ / / \
O OH +OH= O (oN +H,0=0 P +2H,0 (1)
AN N \ [\
Fe—OH, Fe—OH, /Fe—O OH
/ /
—0 —0 —0

X — RSB REEE A, ERES R - ENHERT, SR
BEED, REETHE. QBFBFHOH 5RELBERUMBTS, HRIBER, FBK
MR, KRR (2):

—0 0 —0
N [| N
Fe—O—Il’—OH +30H = Fe—OH +HPO? +2H,0 2)
/ /
0 OH 0
AN AN
Fe—OH, Fe—OH
/ /
—0 —0

(3)pH 7t &, WS K H,PO, # & HPO, , W M EH &9 REBHRME MR K., KR
PpHTHE, AR HME, RENERMUBP-O-FBPHWOANEH %S, iTEHEF
MHEAMQDEEKEFHUDK. EEMP-O0-HEHNBELLP-O0-FE81ME. A
T Fe — O G447 HI 55 LIBT3, R L R 9 B% B HPO, 25 N B RN HoPO, . WS
# Fe-(O)BEH S5 HO X OH @4, REZR I (3):

—0 —0 —0 (0]
AN AN \ i
Fe—O O Fe—O O Fe—O—P—OH
/ \ / \ A / 1
(0] P +H +H,0~ O P +H,0= O OH 3)
N /\ N /\
Fe—O OH Fe—(0Q OH Fe—OH,
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& pH T, %+ HPO; ” Fi FALZ B H:PO, , i 5 R H &) OH™ 5 OH,# AT Ao i 38
%, ER - BB INEH, ()5 Q) FHTH:

—0 o) —0 0] —0
N Il N Il \
Fe—O—P—OH Fe—O——IIJ——OH Fe—O /o
/ / / \
2 0 OH +OH = O OH + O P +2H,0-
N N \ /\
Fe—OH Fe—OH, /Fe—O OH
/ /
—0 —0 —0
(B& ) (i)
—0
\
Fe—O O
/ \
2 0 P +H + 3H,0 4
\ / A\
Fe—O OH
/
—0
(k)

@REW, BAREREREG T, 4%y Znmst U ERMEIE.pHABEDH, R
HAM TR R - NERMEF. pHE— S TR EWME, NDEEABE SN, Bk
W, BB H BROH MREREMHEET XREL, NERSYHERUYEERER., &K
F pH ARV E H B BH B FRER, M Bl {2480 AEHRRREFHRTHE
A, B HAFREMBRATEX,

3.2 HETREAMNBMECHEANRBEY.

WIER pHHE 45WE 9.0 /5, T4 24 /6T, S EkD REBe By LR RN N E (75%) ¥
R UABERNM N E (77%), FA RS BRI MY KR pHHEIORAELSfE,
-4 24 /B, BHER D28 T R XU T 17 B% (77%) B 15 B B RO AL 540 (42%) , 1B %40 3 3240 Xt
B8, V45 72 /MEAER T, HREFER S WICERAIBE (43%). XRBF &Y RE
) BRI o B AR R MR B2, B T AR RO 1] 0 I Aoz B 4, UL D (2 R R A BRI RRE
P, L EHERR R, B KA 5 m) B AC (L B Ak

e RELE DEARUBOREHAHEES, HIFHTREE. (1) NERABL
BRRMBEET - TP-O-F @, GHELMELT - MP-O0-HE. Fe ETFHNHE
Eb HIEF 89/, 7% SRS AE S N AIBE P — O — Fe BAURAER T RER /B Fe ~
O-PEpyieE, HM, NERBKLLAERMUBEEEUREBOBR. QEBEIRT
T, BEARABE (HLPO, )M — OH ¥ S KE _RE T E, I 5 RE L AR s 217
Rofr, ERNERESY. QOFREHESYNEHAR., WERSYD, AN EESH
gy EE ERMRENTALHRNERE T, ERATHREH, MARRKEY ., B8N
HERH -ATAERTFEREN —ME/NERLH, REBRATIHRER., L, WE
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BO B th B L RO (U BERRAE .
33 YT RESEHIHRMEUES pHHXE

ST RE, B AR BRI, — M BERMAREE R S — N ECALE &AL R AL
i, — P BEERARE A M (5 B AN 2 s hr. B O DU e o ) T IR B B e LA 2 SR B O KRR
XU 07 T o7 % T 0 TG o7 B A 28, T o SR B IR o 4 B VR 2 (BP SR B T L B T o AR L B0
MEHSBT SRR AN, R2HEERE, R4S RESS5REBEN SR
P EEFAES0—310umol / g Z 0], REBHRMER, EXNERMBL, HERMZERK.

HEEAR=F pH T, pH7.0 B HEBMRBHR N EBEERE L (235.5umol / g), A& B BLAL
FHE Y 93%; HIKE pHY.0(107.84 mol / g,46%) , £ pH4.5 Bt £ /> (88.3 1 mol / g, 37%).
RATHE, AR pH KM T4 &G XENREMKSREAR—#. pHER, UBRENE, pH
RETRIKEREFE, AL, BEAELU pH7T O HBRUEBEBERAEIEES, WHER
pHT, &9 RENEERS SHRBHITRAIAZHR. pHI.O K, BRHKY RHK
OH BZ, HHTHERFMOH L, UBHMRR B R EREMN RN K pH7.0 5f H .
pHAS B, W H M H* £, 0H 4, XAM THRBSHEV KON EERUR K, Hik
BHETET RE OH 2, REEAUKSENE, THEREEZBHRENEERHA.
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COORDINATION FORMS AND TRANSFORMATIONS OF
PHOSPHATE ADSORBED BY GOETHITE
SURFACE ON DIFFERENT pH

Liu Fan Jie Xiaolei He Jizheng Zhou Daihua
Xu Fenglin and Li Xueyuan
(Huazhong Agricultural University, Wuhan 430070)

Summary

X — ray photoelectron spectroscopy (XPS) technique was used to study the
coordination forms and transformation characteristics of P on goethite surfaces at
different pH. The results showed that the chemical forms of P on goethite surfaces
changed from the dominance of menoradical ligands to that of biradical ones with
increasing pH of the solutions. For a given P concentration, increasing the pH of
suspension could cause a faster transformation of monoradical ligands of P to the
biradical ones on goethite surfaces, while lowering the pH, the biradical ligands
converted slowly to the monoradical ones. By influencing types of phosphate ions in
the solution, pH affected the coordination forms of P on goethite surfaces. The
dissociation and association of protons of the sorbed P caused by pH changes were
considered as a major reason leading to the transformation of the coordination forms
of P on the surfaces. The stability of biradical ligands of P was greater than that of
monoradical ones, and the possible reasons were disscussed in the paper.

Key words Gocthite, Phosphate, Adsorption, Coordination compound.



