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4 YAl -+ 549-
(10 °mol- L-") Al NMR
1 Al NMR (51
Table 1 NMR Properties of *’Al Nucleus
natural abundance /% 100
receptivity: 'H as unity 0.206
C as unity 117 x 10°
spin quantum number 5/2
quadrupole moment, Q(10~*m?) 0. 149
magnetogyric ratio, (107 rad s~'+ T-") 6.9763
Al NMR
1
Al NMR
[AI(H20)6]**'*~51(0 ppm) [AI(OH)4] -~ (80ppm
[AI(H.0) g+ ]) 8- D.O
[AI(D:O)s]** (=0.25ppm), [AI(OD)4] - 51 277]
(1)
AL (D) -3~ —7ppm
-1.5~ -9.0ppm Al - 20ppm'"';
( ) AL(OH)**  3ppm, AL(OH)#*  4ppm
Alis 62. Sppm Al(OH) .,
80ppm Al () pH(=1)
0 ~ 6ppm
Iyer''! IDA NTA HEDTA EDTA PDTA DCTA DTPA
A1 (I AP+
N O 5 6 ~
Tppm OH~ 2ppm! ! (2)
Al-C 150ppm
140 ~ 40ppm
70 ~30ppm 40 ~ —46ppm
1
[AI(H20)6]°*, [AIMo06O2: 13~ Oppm Al(OH)."
80ppm [AIW12040]°~ 72ppm [AICL] -, [AlBrs] -
[AlFs] - 102.9 80  47. 4ppm''*
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YAl chemical shift range/ppm

alky! aluminum
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1 Al-C
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Fig. 1~ Aluminum-27 chemical shift range as a function of coordination number of aluminum.
Compounds containing A1-C bonds resonate to low field and those containing Al bonded
to elements of group VA, VIA and VIA are found to high field.
[AlL]- —-26.7ppm  Akitt
5] Nakatsuji'**!
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Table 2 *Al Chemical Shifts of Species Present in Aqueous Solution

compound or ligand

[Al(H20) ]3* reference
[ 1(D20)s]

Al(H.0)s0H]?

lAl(OH)4J

[AI(OH)e]*~

[AL(OD).] -
[AL(OH)2(H20)s]**

Al complexes
[AL(OH)4]?"

[ Al04AL(OH )24 (H20) 12]7*

Al () sulphate complex
-sulphuric acid complex
-bis sulphate complex
[AIF ]+
[AIF,]*
[AlFs]?-
aluminophosphate
Al () -H5PO.
AL () -H2PO4 -
AL(l) -HPO* 4

[AI(H20)3(H3PO4) (HPO4) 1-

Al () -pyrophosphate
Al (I) -trisphosphate
AL(I) basic cation with acetate
Al (D bidentate acetate
oxalic acid (H:L)
[AIL]*
[AlL:] -
[AlL;]*~
elycollic acid (HL)
[AIL(H0)4]>*
[AlL(H20).]*
[AlL3]
[AIH - Ls]*~
[AIH - L(OH)2] -
[AIH_ L]~
malonic acid (H.L)
[AILs]*-
lactic acid (H.L)
[AIL(H20)4]*"
[AlL(H20).]*
[AlL;]
malic acid (H-L)
AL(D -L
AL(D -L(AL:L) =1:3

chemical shift/ppm line width/Hz
0 1.8~2.7
-0.25
0
79.9
0
80.3 12
3.3
4.50
4
62.5,62.9,63.5
(central AlO4 unit)

12. 5(Al10s) 8000
-3.3
-7.0
-6.7
0.7 620
1.3 890
-1.2 17

-3.6, -6.2, -7.6

-3.6,-7.6

~1.4,-9.0

-7.6

-2, -5

-4, -7

-4 1000
38 5000
6.8 200
12.5 200
16.3 110 ~ 180
9.0 400
17.5 1400
27.0 2200
34.0 1600
55.5 700
60.5 2100
2.2 150
9 50
14, 15

24 500

~1.64 410
11.4 1300
19.2 900

references

[22]

[23]

[5]
[8,9.22,5, 16]

[21]
[21]
[21,28,29]
[29]
[29]
[29]
[29]
[29]
[29]
[29]

[21,29,30]
[5.31,32]
[5.31]
[5.31]
[5.31]

[28]
(28]
[28]
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compound or ligand
[AIL]*
[AIH - L]*"
[AIH _-L] -
[AIH -, L(OH)2]*~
D-tartaric acid (HzL)
AL(D -L
[AIH -6Ls]°-
succinic acid (Hasuce)
[Al(suce) ]+
citric acid (H;L)
[AIH_ L]~
[AIHL]*
[AIL]
DL-mandelic acid (Hal.)
AL(D -L
[AIL: ]~

catechol

AL -L(Al: L=1:3)

Al (I -salicylic acid (1: 1 complex)
AL () -phthalic acid (1: 1 complex)
AL (II) -pyrogallol

Al (I -gallic acid
tiron
AL -L(AI: L=1:1)
AL(D -L(AI: L =1:2)
AL(I) -L(Al: L= 1:3)
Al (I -protocatechuic acid
AL (D -kojic acid

Al (I -ascorbic acid
catechin
AL(D -L(AI: L=1:1)
AL -L(Al: L=1:2)
AL(D -L(AL: L=1:3)
¢glycine (HL)
[AI(H,0)4L]**
Al () -asparagic acid(Asp)
NH(CH>CO:H ). (H-L)
[AI(H,0)sL]*
[AIL:(OH)2(u-OH)2] -
[AlL:] -
AL (I -N(CH.CH.OH ) s
AL(ID) -N(CH>CO-H) (CH.CHOH)»
N(CH2C0:H)>(CH.CH.0H) (HaL)
[AIL(H20) ].

[AlLis(3-OH) 6 (p2-OH) 12Ls (H20)** ]

Table 2

-0.
12.
18.

65

(Continued 1)
chemical shift/ppm
7, -2.8
0,12.2
9,20.9

11(pH <0.5),23(pH2)

33.

4.
8,
14.
9.
21.

11.

-3.
23.
24.
30.

-1

4

6,1.1, -1.7
12
0
3
1

C5(pH ~1)
26.
25.

7,11

.7,15.7
.9
9
.4
4
.6,29.4,36.7(pH5.2)
.9

.2,19

5,38

.95

line width/Hz
200
400
400

600
450

750
500

300

400
700
1720

broad peak
600

1915
shoulder
1325

1325

2595

895
480

1415
1390
1920

1280

broad shoulder
130 ~ 180

210
18.5

shoulder

59

16

references
[21,25]
[21,25]
[21,25]
[33]

[28,35]
[28]
[28]
[28]
[28]
[28]
[28,36]
[28,25,37 28]
[28]

[28]

[28]

8]

3]
8,39,40]
8.40]
40]
38,40]

1]
1]

[3
[1
[3
[3
[
[
[4
[4



AL -L(ALL=1:1)
AL( -L(AL: L=1:2)
AL (D -ADP
Al () -NADP
Al (I -ovotransferrin
(N-site)
(C-site)

-4, -6

-4.6
-6.8

4 Al
Table 2 (Continued II )
compound or ligand chemical shift/ppm
N(CH>COH)(HsL)
[Al(H>0).L] 25.4
AL () -L- (phosphate) 21
Al () -L- (phosphate ) » 17
[AI(H.0) (HEDTA) | 32.8
AL(I) -EDTA 32
[AL(EDTA) ]~ 41.2
PDTA (H.L)
[Al1(H20)>LH2]* 25.6
[AIL]~ 42.0,40.7
[AI(OH)L]*~ 37.9
[AI(DCTA) ] - 40.5
[AL(DTPA) |2~ 37.2
Al () -N, N"-bis (butylamide) derivative of DTPA 40. 3
triethylenetetraamine-N, N, N’, N”, N”_ N”
-hexaacetic acid (TTHA ) (HqL)
AL(ID -L 35.7+x0.1
[AILH, ]~ 25.5
[AILH]?- 32.5
[AIL]*- 31.0
AL () -TTHA-bis (butanamide ) 37.8+0.1
nitrilotrimethylenephosphonic acid (Hel.)
[AI(OH)L]*~ 43.3
[AIL]*- 37.0
[AIHL] - 5.
picolinic acid (HL)
[AI(H20)4L]** 8.
[Al1(H20)1l.]* 16.0
quinolic acid
ALAD (AL L=1: 1) 8
AL(ID -L(AL: L =1:2) 15.6
imidazolidine-2-one
AL(D -L(AL:L=1:1) -2.0
AL(D -L(Al: L =1:2) -3.6
AL -L(ALl: L=1:3) -5.0
Al (D -maltol (Al: I, = 1: 3) 38
3-Hydoxy-1, 2-dimethyl-4-pyridinone (HL)
[AIL(H20)4]** 14
[AlL2(H20)2] 26
[AlLs] 36
Al (I) -alumichrome C 41.5
ATP
AL(ID -L

line width/Hz

40

380
850(pH2)
975

230
1100, 560
1590

740
1835
2600

1450 =20
1010
1100
1420
3120 £20

250
510

10
13
900

180
240
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references

[38]
[26]
[26]
[38]
[31]
[38]

[38]
[38,12]
[38]
[38]
[38]
[42]

[33]
[38]
[38]
[38]
[33]

[5]
[5]
[5]

[43]
[43]

[44]
[44]

[45]
[45]
[45]
[46]

[46]
[47]
[47]

[5]

[48,49]
[5]
[5]
[5]
[5]
[501
[50]
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Al(H.0)¢** 1. 8Hz'!
Hz [ Al0sAl2(OH)24(H20) 12]7* (Aly3) AlO4
(62. 5ppm)
8000Hz"! Al NMR
Ferrichromes B (2) 7TAl
Akitt!?! pH
[AI(OH) (H:0)s]** (3)
- T 2a]Ti>1
Al
1=5/2 51 1691 Fe’* Co** Ni**
Mn?* Cr'* Cu®* [Al(H.0)6]3* (4)
(20.50] Aramini %!
7TAl
3
3.1
(53]
(32, 431 Al-Ferron
Ala Alb Ale AL
NMR 122,23, 53 ~ 561
[AI(H.0)6]*" [AI(H:0)s(OH)]** [AI(OH):(H.0).]*
[AL(OH)4] - [AL(OH).(H.0)s]** Al Al
0.1mol- L' 10 °mol- L™
3.2
Cl~ NOs~ ClOs~ AP+ S04*~ H.0  AP**
-3.3ppm - 7. Oppm
-6.7ppm F-
F- H.0 H.0 H.0
[AIF(H.0)51>* [AIF:(H0).]* [AIF]*- 0.7 1.3  —1.2ppm
Wilson'®!

-1.4~ -9.0ppm
3.3
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AP 123
pH pH (pH <1)
, AI(H:0) ¢,
OH- pH Als
Hunter™'  #’Al NMR Alis
Al NMR Lambert'*! Al NMR AP
Yokoyama''”!
A~ Thomas"® ~°!" Al (I
3.4
Mhatre?*!
AL (I Al NMR

Nagata'>-6?! Al NMR  “F NMR
EDTA TTHA PDTA

Al (M) A1 NMR Transferrin, Albu-
min, Maltol, Imidazolidine-2-one, Alumichrome C Al (I
[5,63,64] Al (I Al NMR Rao'"!
Al () 15 14
EDTA
Xia!®! Al NMR Al NMR

ATP ADP NADP DNA Al ()

4
Al NMR
27A1 MAS NMR [66 ~68]
Al(H.0)6*"
HNO; pH <1 Al(D [AI(H.0)6]*
AL (D
69] pH <1 pH >
14 80ppm
3 YAl NMR
Table 3 Quantitative Determination of Aluminum using Al NMR
system DL/ (g mL™") RSD /% dynamic range/ (pg mL™") reference
aqueous solution =10(non acidified) 0.88 10 ~ 100 [6]
< 0. 4 (acidified)
aqueous solution 0.2~0.4 500 ~ 20000 [6,9]

tea infusion and tea digest 2.0 2~10 2.5 ~5000 [7]
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t6] K* Na* Ca’* Mg** Zn** NH,*
[69] Fe3 + 27A1 [6]
Al Co’* Ni** Mn’* Cr’* Cu**
7TAl 7TAl 1631 27TA1 NMR
Bertsch'®! 0.4pg:
mL ™! Al NMR 20. SMHz
156. 4MHz(14. 1T) (701 NMR
Al NMR
10 °mol- L' f.721
5
Al(OH)?*, AI(OH).*
Al 10
AP
A1 NMR Al (M) )
Al Karweer!*!
130. 32MHz YAl NMR Al () pH2 ~ 8
4 Wilson'®! pH
s Thomas'*! Al (I
1:1 2:1 3:1(L: M) Aly; pH > 4.5
Hook'**! Al (I Al
Al Hz
Mhatre'*!
Karlik®"! 52. 1MHz Al NMR 10mmol- L~'
EDTA Vivit! ™! 0.4 ~ Immol- L'
Ferron
Parker!*! 0.02 ~5mmol- L'
Al MacFall'”" NMR , Al
(m) 10 °mol- L' Fairman'7*! A1 NMR
8- (8-HQ) Driscoll Chelex-100 F- (HPLC)
7Al NMR
6

Al NMR
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Kock? Smm NMR 0.5mL
2. 0pg: mL™! Al NMR
Al(H,0) 6+ 10 ®mol- L~

Candy'™"  104. 2MHz(9. 4T)

Al MAS NMR Alzheimer
Img 14 250, 000
4 6
'H “C *'P "0 "N *Si NMR
Belll! 'H NMR Al (I Huang[76J
Pulsed Field Gradient, PFG 'H P NMR ATP  AL() -ATP
ATP Al (I
Lycka!””! YAl "N ®C "0 'H NMR Al ()
Akitt!*! 'H YAl 70 “C AL (D
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Advances in Determination of Aluminum in Environmental and Biological
Materials by Al Nuclear Magnetic Resonance Spectroscopy

WANG Xian-Long ZOU Gong-Wei BI Shu-Ping*
( Department of Chemistry, State Key Leboratory of
Coordination Chemistry of China,

Nanjing University, Nanjing 210093)

Al nuclear magnetic resonance(NMR) spectroscopy, as a rapid, direct and non-destructive
analytical tool, has been used to investigate the hydrolysis process of aluminum () in the presence
and absence of other organic and inorganic ligands, to study the structure and reactivity of aluminum
(I complexes with environmentally and biologically important ligands, to quantitatively determinate
different aluminum () species present in environmental and biological samples and to monitor the
transport process of aluminum in plants, animals, yeast and other organisms during the last twenty
years. It can deal with not only the high aluminum content solutions but also the natural dilute
(10=°mol- L~'") aluminum () samples from the environment and biological materials. Al MAS
NMR can characterize and determinate aluminum in the solid samples. In this paper, the advances of
these applications were reviewed and a lot of *’Al chemical shift data of species present in aqueous

solution were collected. More than 70 references were cited.
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