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Influences of pH value on the growth of HA in simulated body fluid

WAN Meng-jiao, WANG Chang-qiu, MENG Fan-lu, LU An-huai and LI Yan
(Key Laboratory of Orogenic Belts and Crustal Evolution, MOE, School of Earth and Space Sciences, Peking University,
Beijing 100871, China)

Abstract: Calcium phosphates were synthesized in simulated body fluid (SBF) which had the same calcium
phosphate ratio with the human blood at 37°C with different values of pH. The mineral phase and micromor-
phology of the products were studied by X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), scanning electron microscope (SEM) and transmission electron microscope (TEM). The results indi-
cate that mixture of crystalline dicalcium phosphate dihydrate (DCPD), octacalcium phosphate (OCP), and hy-
droxylapatite (HA) can be formed when the value of pH is 5.9. The DCPD are lamellar crystals with length of
10 pm and width of 3 pm. The OCP are also lamellar with their length being about 200 nm and the width be-
tween 50 nm and 100 nm. The rod-like HA are between 40 nm and 50 nm in length and 20 nm in width. When
the value of pH is between 5.9 and 6.4, the length of crystals increases with the increase of pH and the crystals
grow along axis ¢. When the value of pH exceeds 6.4, the product is HA and its length decreases with the in-
crease of pH. When the value of pH ranges from 5.9 t0 8.9, the crystallinity of HA decreases with the increase
of pH. In the experiment, CO, in the air can dissolve in the mineral solution and develop into CO%~, and CO3~
can enter the lattices of HA, which makes the composition of the synthesized HA in accordance with the biogenic
carbonated hydroxyapatite.
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HATRFE 3 d, N S5 R A KR ZUIR U0,
HHUEF I, VRV, TERUTIED) 19 B S50 HF i
1.3 =[IEARE

VP ARFE S AT Ry R B v I FE IS, 78 H A B 2
D/MAX-rA B X AT (Cu K, ¥ _Fi#4T XRD
MER(A=0.154 056 nm, HLJE 40 kV, B 100 mA,
FH S 4°/ min, HAVLE 3°~607). FEH4 KBr
JE AR EE 35 B Nicolet 24 Al ) Magna-IR 750 {#
SL AR LT A O SO FE AT T L0 AN 1% 43 HT,
SEEG AR R 4 e L HRR IR 32, DA E
400~4 000 cm o KEB ARAE A 2> HUAE S B4
B 7R Y, SRS B AR AT B A,
FZH FEI 2 F#) Tecnai G2 T20 BUE S B (TEMD
H1 Nova Nano SEM 430 #1 4 Hi. 53 (SEMD WL %2 1L JE
I, TAERRAN L 235024 200 mA 110 kVe.

2 SR ST

ZH AR R T, OH - 2 5 45 8 R £ 1 U0 TE )
o WY pH AR 2% B B N JEAT M R A 2, HEP-
ES 2tk R et pH EMAR . #5400 10 e
SV R ) pH AEZR (R 128 0.2~0.4, BEH RNV,
IREAE LIRS ) pH AE F AT -

®1 BRRAREBET KK pHEEK

Table 1 The changes of pH value in different reaction systems

SR NI pHAE  RNVESTR pHAE  HiJ5 pH 2840 {H
a 5.9 5.5 0.4
b 6.4 6.0 0.4
c 6.9 6.5 0.4
d 7.4 7.2 0.2
e 7.9 7.7 0.2
f 8.4 8.2 0.2
. 8.9 8.5 0.4
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Fig. 1 XRD spectra of samples formed with different
pH values
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Fig. 2 FTIR spectra of samples formed with different
pH values
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5.9 F, A B b A BRI 0 B f . B R R G (I
3a.3b), KWL AN R FE il B B I 45 00 2
MPEEE I 100 AN RSF RUESRIM Seit, % pH A T
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Y pHAE N 6.4 B (& 3¢), K4 HA e FE
LR Y AL SR N T H L N RN IUEST YR g T (B
WART pHAE A 5.9 PSS & s Bkl A 1< 100 ~
150 nm» %29 10 nm, K2 KT 1001, HIR A K

100~150 nm>, %29 30 nm, KL 5:1. pH{EHN
6.9 IS CE 3D, T4 il AR 1R 45 it 2 W AR 22, 52 45
JEEAR 22 1 B PR AN I 1 R, R sl iR K 4 50
nm, EAE] 20 nm, KAL) 3:1; BRIk R K4 50

3 FEia ) SEM BT FIFE M b~g 0 TEM B
Fig. 3 SEM image of sample a and TEM images of samples b~h
SN pHAE M 5.9Cab)56.4(c),6.9(d),7.4(e),7.9(1),8.4(g),8.9Ch)
Samples a and b were formed at pH 5.9, samples c—~h were synthesized with pH of 6.4 (¢), 6.9 (d), 7.4 (e), 7.9 (), 8.4 (g), 8.9 (h)
respectively
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nms %4 10 nm, KAL) 5:1. pH>6.9 I, Bk
(1) HA BA AL TE S0 A R, SEE R AR5 /N 1)
AN F R 50 A1 (] 3e~3h). pHAE A 8.9 I (&
3h), AR e 20 ~ 30 nms % 10 ~20 nm, K42
bty 2:1.

pHAE R 5.9 I, A2 ) BA B 45 dl e, (AR
RO SZE K. Bl pH E IR, Y R
HA, s AR TESAR AR /N, 5 B 2 R R AN B ) ootk
mn AT B pH (B 38 KT A2 /)N, 45 56 2 BE pH (B 3G K
MM K, 5 XRD F1FTIR 58— pH fEM 5.9 14
K#) 6.4 B HA SAEK R K, pH EB T 6.9
I, HA BIAR LE R pH A R3S T k) o

3 ANFEH A PSR A 8

pH RS Wi W PR AR AE 0+ I A7 A8 T 3K R
PEBEIR EEUTE YA A K. AR pH AE T, BERR L
BRESEAN, P=AN ), S AR P R AR 1R K A S
s

H,PO,=H,PO,  +H" (D
H,PO, <HPO; +H" (2)
HPO; =PO;} +H"' (3)

PR P 13 P FE Ca®t s Nat s HLPO, ~
HPO; PO} \OH H'.Cl™ , Z 5T R NI & T
H Ca®* “HPO; PO}~ OH , ¥ H & 2B 11 e I
T

Ca’" + HPO; =CaHPO, @y
8 Ca®* +2 HPO; ™ +4 PO;™ +5 H,0=
CagH, (PO, )45 H,O (5)
5 Ca®" +3 POj~ +OH =Cas(PO,);OH  (6)
6 CaHPO, +2 Ca®>" +4 OH +H,0=
CagH, (PO, )65 H,O 7
3 CaHPO, +2 Ca*>" +4 OH =
Cas(PO,);0H+ 3 H,0 (8
CagH,(PO,)6*5 H,O+2 Ca®>" +4 OH =
2 Cas(PO,);0H+7 H,O (9

(4D (5D (6D 73 Tl AE T iE ) DCPD~OCP-
HA. DCPD "5 OH™ %242 R N C7) FC8) 43 Jill A= il
OCP 1 HA. OCP ] LA OH™ KA & M. (9) A i
HA. 32 OH %W, & & 9 fig & 2 DCPD—OCP—~
HA A AL (Xie et al.» 2002; Madsen, 2008

WA PR E R S mmol/ L [ NaH, PO, A&7k &
TR AR ()RR, S N W) R I, Ak 3 2 5 DT 1 4%
BT IR EE S HAZOCP-DCPD I3 T BULEE 2.

R2 THEPEERNENETHRE (mol/L) K HA.OCP-DCPD BB FH(Q)
Table 2 Ion concentrations (mol/L) of Ca2*, OH™, HPOZ™ , PO}~ in solutions with different pH values and ion
product (Q) of HA, OCP, DCPD

pH [Ca?*] [OH] [HPO; ] [PO;~ ] Q(HA) Q(OCP) Q(DCPD)
5.9 1.25%10°2 7.94x107° 2.38x10°* 8.31x10° ! 1.39x10° 1.61x10°% 2.98x10°°
6.4 1.25%10 2 2.51x10°8 6.83x10°4 7.55x10°10 3.30x10° % 9.06x10% 8.54x10°°
6.9 1.25x10 2 7.94x10°8 1.67x1073 5.82x107° 4.78x 10" % 1.90x 10~ 2.08x103
7.4 1.25x10? 2.51x1077 3.06x10°3 3.39x10°8 2.98x10°% 7.37x10 % 3.83x10°°
7.9 1.25%1072 7.94x1077 4.17x1073 1.45%x1077 7.46x 1073 4.64x10°% 5.21x107°
8.4 1.25%10°2 2.51x10°° 4.70x1073 5.20x1077 1.08x 103 9.63x 104 5.88x107°
8.9 1.25%x10 2 7.94%x10 ° 4.90x10 3 1.71X10 ° 1.21x10 * 1.23x10 ® 6.13%x10 3

2 WoRIE i, BEA 4V pH K,
PR R AR O E SN 1) B T IR B 4 K, HAS OCPs
DCPD 1) &5 1 FUBE 2 36 K, R WIBEH AL pH {H 14
R ULIE A 5 T J. HALOCP.DCPD ¥ K, 73 4l
H2.3X107%.2.0xX10 4. 1.0x 102, Wl &4
Pyt 7 RUR T3 K, I, B8 AR UT0E. pH A
5.9 MAIEER 1T, HA 5 DCPD 5 AR KT
K FRP R A RN (4).(6), AR DCPD fig
OH ™ KT (8) WA B OCP F1 HA, {H i T iy

AR OH ™ W BE /1N, DCPD R AR E A7 AE, HAT /N
4y DCPD ¥4k 5 OCP-HA, 1A R AL T TR 1, 1X
3MHYIEAE pH AE N 5.9 W, B LW HPOG — K
&%, DCPD 1 LA #3 21 78 7 M A2 K, BRI 2B B 1)
DCPD @5 K. B pH {34 K, OH ™ WAL 39 K,
e T 58 TE B HA DCPD YL A2 B ) DCPD 7E %
W OH MM T, kAW (7)) (8) 48 Bk
OCP #l HA, BB OCP X5 OH ™ KA R N.(9)TE
I HA. B SN R A R AR DT OV 25 251
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JE 50 T BAARR, AT 28— 2 R PS8 I, 5 ¥ R A5 LT D 1) 8
TRUNTH K, RIVEH. pHAEK T 6.4 I, 42
() DCPD #1 OCP 7t OH ™ FI 52 M F 4 4L i HA,
WAL A R HA. X5 XRD 447 ) 45 B A
W4

T R A (Rt R o, s b B B 1 2 R FL A
W 51 5 T il — 6 B8 - B A A4, 31X S Ie A7 AR 3E — 2 A
F R B SRERAR, A DT o 1% 55644 Z2 TP i 9 L B
BT OH WHPOR PO}~ Ca2t, VI, iX
LE B AH B 51 AT 4 G i OH-Cag ~ Ca-Pg Oy, P Pl C
PEARAE N K IETCS 5 A4 K (Blackburn & Den-
nen> 1988).

pHE A 5.9 I, A OH ™ W FE 48 /)N, OH-Caq L
PR HETE B BT F RO AR Ca-PgOn 5 HY @568
B CaHPO, 1A, CaHPO, 7K fift 45 &, 5 v i /b
2 [ BH B 7 FC A7 A4 OH-Cag VA2 B OCP #1 HA,
TR OH-Cag 3270, KON 3 FEAR X 2212, K
BRI AR Gh A . HA b A2 B A, A 2
H9 1 CaC IO T ENBE 6 N PO] JMUTIAKZ
8], FCAZ £ 7 (1) CaC 115 HAHAE 4 M PO;™ I 1
6 MMM B O & OH MHIE, &4 dh it 1% o,
Ca-PoOo BUAT A ¢ Bl 77 In) W2 B 7 & i F, OH-Cag
W oa~b #T I (Kay er al.» 1964). pH {EHE K
£ 6.4 I, OH-Cag WJEIE K, 55 Ca-PgO,, 41 A2 ik
HA {8, ¢ #lJ717) Ca? " BRI B F Ca-PgOy, 34
FERTIEE ¢ Bl 77 m, R s A ¢ Bl 1
) ARG, KAR LR K. pHAE K T 6.9 I, B OH ™ #
3y, Ca? K HUHI S OH -~ 46 45 1 OH-Cag» POR
L5 Ca? " i 45 1 Ca-PgOny I LEAI /N, RIS, R pH AH
BRI OH™ K &= W B 72 HA &b 7 2 1, HA W Bt
Ca-P Oy [ HE T FAK, A b A1 ¢ Bl 7 1 1R AR K 2
AN e BEITHY @b e Bl 3 AT ) IR AR RO R I 2 S
PN, R AR K AR AR N BTl pH EM 5.9
BORF 8.9 I, HA db 2y tH LK AT LL S6 39 K J5 37y
IS . pH MHI K, CaPgOy W EH K. #£ pH
EARAER IS, BAN B LAS Ca-PgOy, 14 1 4E B2 4 /N 1) 2R
K I TT, 7 17 i T 28 o s B g 2 W S, TG D it A
HA & S 4 R . Y pH E3E K, v i
RIRE 5 v, A I TG 11 4 B 1 OK, & B B 1) B
G, TE BG4 25 1) S P 1 &6 A SRR AR 9355 o BT A S
K pH {EBROR, HA (&5 B 2 o SEB0 b JF A i)
WA NN COZ™ I RN, B R %) N 4% 2

BEATHRE I PR, 22 P COy AN WUE L CO5™
Je fEREXT HA A IR B8 7 14T O B L 2 e 3
WEAAT . ] R R B AT N AR A2 i HA B
B COF AR, TR Jmi e o Ak A7 2 AR I
R/

4 i

1 37°C $5FR RS v, REALL N A I v 485 9% LL (0
A I HA f AR RSP AN IS 200 nme pH fE
5.9 B, SR R R AR S B B L B S A I
DCPD. OCP~ HA & &%), DCPD h R gt & K 29 10
pms S84 3 pms OCP R A K 27 200 nm, %8 50 ~
100 nm;: HA #IR A K 29 200 nm, %49 20 nm, HA
FER B A K 40~ 50 nms FE29 20 nme pH KT 6.4
I, 2R HA. pH E A 5.9 B4 K2 6.4 B, HA
s A AR LU BE pHY A PR KT 386 K, S Ay ¢ b
Ko pH AT 6.4 B HA S K AR LGB pH {E 1)
BN pHEM 5.9 #K 3] 8.9 W, Bi# pH
TERIHER, 25 BT HA IR 45 o BBk B AG . 2F o
HA B & 8 COZ~ 23 B AR, X 5 A4 4 1 A i)
HA I B FFAEA AT o
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