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Determination of Mono-Aluminum Ions

Masaichi NAGAYAMA
Katsumi GOTO
Takao YOTSUYANAGI

Abstract

Studies were made of the accurate determination of monoaluminum ions in solution in
the presence of high concentrations of polynuclear aluminum ions and some modifications
were made to the 8-quinolinolate extraction method presented in an eariler paper.

The previous method was not successfuly applied to this kind of system, since the
depolymerization of polynuclear ions was too fast to be ignored and the formation of
emulsion of water in the solvent layer during extraction strongly disturbed the persuit of
experiment. ' - ' ‘

It was found that the emulsion can be completely destroyed within a few seconds by
an addition of a suitable amount of anionic surfactants such as sodium laurylsulfate. The
rate of depolymerization of the polynuclear species was examined in solutions of 8-quinolinol
buffered with NaOAc and HOAc and the result showed that the reaction proceed linearly
with time in the initial period, so that the concontration of the 8-quinolinolate, Cz, extracted
at any reaction time, £, can be given by the equation: ‘

Cr=Cy+k, ¢t
where C,r is the concentration of the 8-quinolinolate produced from the mononuclear spe-
cies intitially present in solution and %, is a constant depending on the concentrations of
the polynuclear species, acetate, hydrogen ion and 8-quinolinol.

Thus, if Cr—¢ plots are made for different conditions of depolymerization i.e, for dif-
ferent k, values, straight lines having different slopes are obtained and the value of Cj; can
be determined from the point of intercept of the extrapolations of these stright lines. An
Arrhenius polt of %, gave an activation energy of about 15 Kcal. '

It is thus demonstrated that this method of determining monoaluminum ions provides
a new method of studying the hydrolysis of aluminum ions in solution.
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estruction of emulsion.
%ﬁf%ochﬂﬁ£Uv~®ﬁﬁwxaT¢b

Zesls. | e b

FIEICATEEEOE WA I 2bDEEL LN (ml) emulsion (sec.)
By TNY a2 VOS> TWBENEDER% 0.1 Stable
Fio Tu 3 RIEE AN HIEM 05 5 ¢ & £ FI gj 12:12
LT 2Ox=nmy s YOWERAT, £ ORR 05 9 3
T =4 VROFRMIEFOFEE T Ebsbiro t, 0.7 20~30

AREIEICBNTRE, 79 Y VBT b YA - N
(SLS)ZMA UM, CNBMEEATT I8

. Stock solution; [Allz=1.0x10-2M,
K& BbDTHo 7, Table LITRT & 51, SLS. pp-52. 2 M-NaOAc Soution (2 m.)

W IRINE 25 0, EEEEN L 3‘;} A iz 8-quinorinol solution (2.0 ml), stock
solution (20 ml.). Experiments were
2A3BPRIC T =Y s YEMBTCE L, BB, & carried out at room temperature (20°C).



500 AKIB— « BT - P BIkER 6

WRNMBRAET R v~ ORBEICIZFEAL T 5B,

TenY s YISREEANTS, SLS ERY v —DOREIKE>THELLEEDNE 70y
JIROEBICE > T/ o R VA BRELZERH S, COBDE, HEAK No.bA Kk
TAHTE2, TV =V LABREOHNWESLEICZABICI0GHE Ehh bl &b 5,
CNREMOBETH A EP DD, 7o RkvisORIICLLEED, BEAKISICLEE
DOFNE B S, AEOBNEEN, 700 kVvaBhOKEICIE2b0EELONEDTH
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Table 2. Effect of time factors on the result of determination.

1,=06 sec. f =20 sec. £, =20 sec.
13=20 sec. t3=20 sec. 1, =6 sec.

t (sec.) O.D 1y (sec.) O.D t3(sec.) O.D
20 0.178 6 0.178 20 0.178
35 0.221 20 0.190 35 0.178
60 0.271 40 0.194 55 0.180

60 0.210

Stock solution; [All7=2.0x10-3M, pH=4.96.

Reaction mixtures contained 2 N-NaOAc solution (2.6 ml.) and 2%-8-quinolinol
solution (4.0 ml), 10 ml. of stock solution was added. Temperature; 25°C.

#y= Time elapsed after the addition of sample to the separating funnel containing
8-ginilinol until the shaking of the funnel is started to extract the reaction products.
t;= Shaking time for the extraction.

t3= Time requierd for breaking the emulsion.

-~
> 03h -
o i

>

= B e

‘2 » 02 ——o—-—-——#—'_o —]

s = Pt o 'o

o 3 3

©

S € ou -

B Temp.: 25°C

o ©

o | | | | | ]
[o] 10 20 30 40 50 60 70

Time (sec)

Fig. 1. Effect of time factors on the determination.
(c.f. the data shown in Table 2)
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Table 2 & Fig. 1Tk,

Fig. 1 &0, FUSHRE (&) BEd KEBRTTHY, t, L ITDO0THE, LS 5BIINIK
BEABTENTENE, 2OEBR 1, KHENTEEASMRTE B EBhirolk, 40D
mf@,?fKWQMJMjﬂ\2~3ﬂf@@f%%c&ﬂbmofwawfmﬁumwo
UL, AR 4 1020 T, el el ic k3 2 OICE T 2R 2R B 3 nidn s
BV, 780 RIVABNIZND 2 YERLRBOEAICOVTRE, 5BEOLD EE Tl
BT T B CEMBESNTNBHY, TvuY s v ERBBAICHE, REORENSRLZ
DTHE LG NIERE S 8w, EBRIEEXITRT,

TVWIZTLAFAVORERRY v — Lo TV BAKERBET S, BEMGOE /<
~ (pH=3.18, [Ally=5X10""M; T® &5 54T Tl [Allr=[Ale, -~ TH 5B ,) EMA I
BE, MABVBARLONT, A—0KMHTEF /Y / —VERSESY, EUk8%/ Y/~
WIEEME TS, MEBEOEEELEST, T/ v~ OENEREEZRD I, FAKED pH B8 X UADN,

Table 3. Effect of shaking time on the amount of extraction of
aluminum 8-quinolinolate form the emulsified system.

Stock solution Shaking time for Monoaluminum
the extraction, #; ions extracted
> —~3
[Allzx10-* M pH (sec.) (%)

10 98.0
1.0 4.44

30 930

6 101.6
1.0 5.53

10 100.4

5 99.3
2.0 5.16

10 100.1

10 101.3
2.5 5.37

20 99.3

DEIL D 4 PHC DN TS » skl A Table 3 iW/Rd, 978 H, 5~6 BIIWICIiic
TETEMb o1,
43 RUT—DOREBARIGICHET K
W IR AR I BT A 8% /) / — WX B R Y v — DREAEISOMIIC BT
DFIRTENEL DS LS, “Cr—t” oy P REBELYD, B) LT
B, KIT, k, DWE, T12b B, [ALR, [OAcT]s, [OX7 ) X2 TERENBE 2 INA,

* LT Fig ek, Croftoir, Cr & HHBHRIcs 3 WEHE (OD) 3 7r =9 & ME
[Al; ppm] 2>, 2hZH “O.D—t B LT (Ah)—4" 7oy b & LTRL,
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Y
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Table 4. Effect of temperature on the rate of

depolymerization reaction. 1o T —
Reaction temperature {“C) s Z : :
Reaction time 15.0°C 20.0°C 25.0°C > N
> ek N -
fsec) . op 0.D 0.D = N\,
. | . o
20 0.057 0.080 0.104 S 2 \o -
40 0.060 0.102 0.103 o AN
3 ‘ 3 3 | | |
60 0.085 0.126 0.161 a3 e L
Stock solution ; [Allp=3.0x10-3 M, pH=5.44. YT x 108 (k)

The reaction mixture contained 8.56%x10~*M of Al total.

Fig. 2. Arrhenius plot of k..
2M-NaOAc solution (2 ml.) and 2%—8~quinolinol‘solution (3 ml.).

S WBRY YR REASEIFICICHIET S5O TH Y, B v~ @D EELEAK
THDLEWDRLE, UL, RECEESAKXNOT, EEBICKEL TREESGCEEDY
RGNS, T, REORWIEE, b OMPREILIOT, ABHRO S EIER
BWOEEOHERELRS, LiehsT, HANEO—ERECEOTHONRELAL S C

EMBE L,

4:3.2 R v~ DRFICKLEEH
G BNT, [0X 1, [OAcT, 27 =0 AT LTHRERE L, [AL] 222 208
&, ke BIXKRTEHZOND,
k= kb [AL]S @)
FTh, RV v—DEAEE 2 &L, BEEFHEHIICQ N TEDEINE LD LTI,
BTN LADREEAEBRY v~ &> TOBRBRBEICBENTIR, RY =—0kE (ALD ik
KA TEDENS,

LA, ®)

n

[AL] = - (AT~ [Allyaomer) =
(8) 2 (D ICHRA L THiL D38k & 5 &,

log &, = z, log [Al]z,

LT, “logh,—log[Ally,” 78y F QAN NI ©, #RHBCENTE S,
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Table 5a. Effect of the concentration of -polynuclear
aluminum 1ons on the Lonstant ks.

Total Alummum Loncentrdnon [A1J1X10 M

Reaction time. £. 3.79 6.85 13.7
fsec) 0.D 0.D L 0.D
10 — — 0.172
25 0.110 0.170 0.265
40 0.130 0.243 0.366
55 0.169 0.310 0.462

ko x10-8 (M/sec.) 0.616 1.26 2.08

410my)

(0.8 cm. Celis ¢

Stock solution ; [Al]l#=5.0x10-3M, pH=5.84.
Reaction mixtures contained 2 M-NaOAc Solution (2.6 ml) and 2%-8-quinolinol
solution (4.0 ml). Temperature ; 25.0°C.

Table 5 b. Eifect of the concentration of polynuclear
aluminum ions on the constant, &,.
2.61x10—4 5.23x10~4 7.84x10-* 13.1x10-14

Ally

(Al (M) ] op | u| op | 4] op | 4| oD
Reaction time, | 16 0.080 | 20 0.160 | 15 0160 | 11 0.208
4, (sec) and | 30 0125 | 30 0220 | 20 0200 | 13 0.230
0.D 39 0170 | 40 0278 | 30 0.302 | 17 0.285
k2 x10~8 (M/sec.) 0.945 1.67 2.50 3.26

Stock Solution ;

[Allr=1.0x10-2 M, pH=5.62.

Reaction mixture contained 2 M-NaOAc Solution (3.35 ml.) and 2%-8-quinolinol

(5.0 ml.). Temperature; 25.0°C,
0.4 T T I I I
0.3 - o.\h/ n
K
© »h
\ @Dj- ‘.)rl
o/
0z -]
y\\O o/
/O/ (A0 o/
o1 b .
Temp; 257C
° l I 1 i !
o) 10 20 30 40 50 60
Reaction Time , ., ( sec.)
Fig. 3. Effect of the concentration of

polynuclear aluminum ions on
the constant, k.

-5.0 i T
T el o /]
g 1
< o/
b
z v
o~ aQ
< 6.0 /

260 |— o |
k3 s

-6.4 L !

- 4.0 -35 -3.0 -25
log(Al]T

Fig. 4. Determination of the order of
depolymerization reaction with respect
to the concentration of polynuclear
aluminum ions.

a: cf. Table 5a. b: c.f. Table 5b.
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pH 5 XU [Ally DRI 5 2 D QEEMIERIC DV TITE - 72 EERO 4k & 5 % Table
5a, 5biC7RY, Table5b @7~ “Cr—t” 7u v b (Fig.3) & D & 23R, (10)RK
LiepinT “log k—log [Alls)” % 7w v } Uiz (Fig. 4), Fig. 4 0T SMEY 2, ZFIIS 3
L 2,=095 089 L1zt PLLEOSEEMND, T =9 af) < — OREARSOPNRE
RARY =~ RO LRICHAT 2 LRETCENTELD,
5%, Lepin 543, 01N-HClIc X 2@ EAFICOXREIF TV =9 2 RILICA LTI
KTHBEMEL T SA, Linnell 13, NH,0Ac-HOAc ROG#EIRIPICE T 58 % /)
=T R BIREATUSE T LR i, “log [Allgmm—1” 70 v FRERE B5 Do fo L
WA LT 5, Lepin OHEBROFEMEYI S » T2, Linnell O 5, BE ARG O #RE
B E-THE L&D THD, F0Ho, FIEBHB®RSIT L

TBH8E Y i

l.2 T T T T
-~
13
g: 3. /2 !
o o8 / )
g //
% 0.4 5 / ~
2 © ‘Temp; 19.5C
=
. I L I |

o 20 40 &0 80

Rection Time, f. (sec)

Fig. 5. Effect of the concentration of acetate ion on the constant, ..
Stock solution ; [Allz=3%10-3M, pH=5.17.
2%-8-quinolinol solution (3 ml), 2 N-KNO; solution (20 mL),
distilled water (10 ml) and 7 ml. of acetate buffer solution
[(1), 0.40 M, (2), 0.55 M and (3), 0.74 M] were mixed. pH of
each mixture was 5.19. 10 ml. of stock solution was added into
the mixtures at 19.5°C.

T T ¥ T T T T

410 my)
o
[}
]

o
H
I

Qptical Density

(lL.oom.Cells.:

o} 20 40 80 80 100 120 140
Reaction Time, 1, (sec),
Fig. 6. Effect of the concentration of 8-quinolinol on the constant, k.

Stock solution ; [Al]r=2.0x10~3 M, pH=5.60.
2%-8-quinolinol solution [(1), 7 ml,, (2), 5 ml., (3), 3 ml], and
2 M-acetate buffer solution (pH=5.10), (5 ml.) was added into
the 50 ml.-volumetric flask and diluted to the mark. Whole of
the mixture was poured into a separating funnel (100 ml.) and
5 ml. of stock solution was added.
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b 30 HEPBOT — 2 LHTERICIY B3, AEIC K-> THETHE 2o 00 IR & 3R
=~ U ONBTHAD,

4:3-3 8% /Y / — B IUHHBA A v D

Befig 4 A v B LU 8% /) ) —vOEBCONT, ENEN, HBOKFEETNT—EEL
THE U e, BRI S X OB 2% Fig. 5 5 X0 6 I0RY,

HEEERL ke DM, Fig. 5 BLU 6 IR L L H1C [OAc] BLU [OX T It k> TR E
CEALT B, Fig. 50 k & [OAcT] ORIICIE, KISILHIB GRS 5 2%, FUSHRMSEMETH 5
DT, FISOBMEWOMCT 220IE, SSIKELORFEET B, Bl A v BLU 8
X/ /- AR, 0 AP ERUS U TS A EED, TORE, T =Y A0 K
SRR AR ) = ~ DREAT B HA~NBTWMS 852, LhL, cOXSEIERELic 8
/) A A VIR Y 7 - A LT B EE AT NI BT & 0 BEER 1
D, Ff, BEBE—T V=9 AL 4 YRICBNTIE, Orgel™ 28 [ALO (OAc)-R,]** (R=0H",
OH,, OAc~ 15 &) OMESED 3 KOG D 7 v 4 (1) #7151 & & OBELE:D S HEE
LT0sCEnEbbhh, SUSRIHICHIETS S, COX5IE, OAc © OX™ OEHET 4
RO Y © ~ ORMEATUSE, WIC, SHEORIICE > TRETHZEHY TR, £ =
~ OGP RSE R T B L OOFNBFEBLOEEZ 60 TH S, AR, =/ <—D
EEEAMTTADDOLDTH LMD, COXDEEOEMC DN TIE OB 45
5 THE Ui,

AERBICBOTE, SHITERAEDIE, b ZLEATC—” oy be2A 1 E>
TCx ARW BT EIC LT, CORBICDNTEIWFHOBUICE TR0, Tk FER
BFEELTE, pH 2—EE LT [OAc] & [OX7] OMLAREEA LD S IFHATH
Bo DB, HMESWHTHY, LICRULILEIIC, b 2RECEABCENTED, BB
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Effect of pH on the rate of depolymerization reaction.

Stock solution ; [Allz=2.0X10-3M, pH=5.51.
29%-8-quinolinol solution (2.0 ml.), 2 M-NaOAc solution (3.0ml),
2 N-KNO; solution {20 ml.) and x ml. of 0.4 N-HNO; were
mixed and diluted to 30 ml.. 10 ml. of stock solution was

added to the mixtuers.
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Example of the determination (1).
Stock solution ; [Al].'z': 2.0%10-3 M, pH=5.17, aged for 4 days
at room temperature.
4 ml. of stock solution was added to the reaction mixtures
containing (1) 2 M-NaOAc 2 ml, 2%-HOX 3.0 ml, (2) 2 M-
NaOAc 2.6 ml, 2%-HOX 4.0 ml, (3) 2 M-NaOAc 3.35 ml,,
2%-HOX 5.0 ml.
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Example of the determination (2).
Stock solution ; [Al]lz=5.0x10-3* M, pH =548, aged for 7 days
at room temperature, ‘
10 ml. of stock solution was added to the reaction mixtures
containing (1) 2M-NaOAc 2.0-ml, 2%-HOX 3.0 ml,, (2) 2 M-
NaOAc 2.6 ml., 2%-HOX (8~quinolinol} 4.0 ml..
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