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Preliminary Study on the Relationship between Physicochemical Properties
of Metals and Their Crustal Abundances
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Abstract: The study was aimed to analyze the relationship between physicochemical properties of metals and their crustal
abundances. The results showed that 10 out of 21 physicochemical properties of metals were significantly related with the
logarithm of their crustal abundances, ranking in the following order according to the size of the correlation coefficient
(R*) : covalent-bonding index (X.r), atom density (p), atomic number (AN) , atom weight (AW ), efficient nuclear
charges (Z" ), electronegativity (X, ), softness index (o,), electron affinities (EA), polarization force (Z°*/r) and
electrochemical potential (AE,). The relationship was further proved by the set pair analysis. It was indicated that the
physicochemical properties of metals were closely related with their crustal abundances. The study is helpful to know more
about the Earth evolution and elements and to make best use of the rock and mineral resources.

Key words: environmental geochemistry ;quantitative structure-activity relationships; liner regression; set pair analysis
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JCR B F A A [ 1) 22 AL i e (Hamilton et al.,
1972) o WA HESE (2000) G157 V5 30 fF o0 R B 19 &
PR FE PSR R T RS
JETRYREE A BT o0 R R AL 2 AT S BRI
XRFEM ST R AT, A KT R H e
F R RS20 PR ZR  Fl A R B BT G &R Y BE O I
R T FECAN) 75 (AW) 3 (p) |
FERC(MP) ¥ 5 (BP) | Jgt 72 42 (AR) | S L KK
(ON) BFHLfr (Z) AR (Z ) ki
(R) B F2PA2 (r) LG M (X)) B4R 8 (X0r) |
BTARE(Z /r) WAL ST (277 /) b A A 3
(E,) WAL ##(AE,) B T3 (0) HEH(IP)
fif JZ (harness) \HL B fE (1E) (IS E(o,) BT 2K
FIFHCEA) B — K fi # H (ogKy, 1) | HL T 14 B 4
oy 2 41 R 45 T BRAL R S5 SR

M 20 280 TF 4, K a0 5800 M 4 i B4 P
Ji 5 H A= 46 1% M ( Biesinger and Christensen, 1972 ; Ja-
cobson and Turner, 1980 ; Zhou et al.,2011) D} fk 75 1
( Jacobson et al., 1983; Kaiser, 1985; Turner et al.,
1987; Khangarot and Ray, 1989; Mccloskey et al.,
1996 ; Tatara et al., 1998; Wolterbeek and Verburg,
2001 ) S5 (i PEFTE B &R o ALFE F) 454 -3 P A
S5 Y ( Structure and Activity Relationships, SARs)
5B & 45 F4)-15 4 AH ¢ 4 Y ( Quantitative Structure
and Activity Relationships, QSARs) 47 ¥y it ¥ 4k 1
Jo M 1 B R 18] B9 AH OC 5C &R T i 7 HE A 7E BB
B WF 98 ( Tatara et al., 1997; Ownby and Newman,
2003 ; Walker et al.,2007 ; Mendes et al.,2010;Zhou et
al.,2011;Meng et al.,2013) , 7 3C M\ 158 3% £E— 4>
RIYFRIEH 5T R P B2 9 2 4 B R ] R
R BET T 4 R i BRAR I BT 5 S i B b e
FREERR R, 7 58 F B2 A o e N 7 IF T A
TEAEFIALEL, Sy B0 4 b DA § 1l 3K 1 77 AE Ak R
A A7 B IR A R AR AL — S AR AR A
e
1.1 HiEkR

P AN AW p MP BP EC.TC AR .R.r. X, .
Xor Z/r . Z"%/r AE, 1P @ IE .o, EA fil Z" 21 fil
TR B BT R A S 5, Hoh AN AW AR R J r
HICR KN RAES %L, p MP (BP [EC TC £AiEJT
KPR, KRS B RIETT R L R,

AR A (1976) {ELAE g M5 5= B2 2 fill £
Yo ol T R 0 R B AL B E R, X T

KT 45 R A S 1 S5 3 58 T A A LR R AT BT

SEEER TR F AT R Rk —Ma st
RV ARITR RIEHE La, TR [F Y94 )8 o0 R 2
W28 B H N A B & PR ( Mccloskey et al., 19965
Wolterbeek and Verburg, 2001; 5k iz Fg Fi B i 2%,
2004 ; 4= 4 Jp 45,2008 ), Bt , 75 B Ak 2 B0l 4R 2 2
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ARG LT I (1) % F 7] — b B 2 BOR
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14 3 56 = BE B A SOG4 A 2 B Herp 10 Rl L 28K
A 5E F 5 BFEM (P < 0.05) , HAh Ak M 5
T 5% AR BA B E MK (P > 0.05), iX 10
Pl BE AL 2 800 AN AW X, EA p o, 2" Z"/r,
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BRSO HA AN e B AR o 5 A b o oF R
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Table 1 The crustal abundances and the physicalchemical properties of 42 metals

e EI AN CA IE AW X, EAA p o, A ARV AE,
1 Li 3 21 519 6.94 0.98 0.62 0.53 0.25 2.3 7.56 3.05
2 Be 4 1.3 900 9.01 1.57 0.55 1.85 0.17 6.5 43.11 1.85
3 Na 11 23000 498 22.99 0.93 0.44 0.97 0.21 7.5 72.11 2.71
4 Mg 12 28000 736 24.31 1.31 0.50 1.74 0.17 8.5 131.36 2.37
5 Al 13 83000 577 26.98 1.61 0.02 2.70 0.14 — 1.66
6 K 19 17000 1310 39.09 0.82 0.19 0.86 0.23 7.4 41.17 2.93
7 Ca 20 52000 590 40.78 1 0.08 1.55 0.18 8.4 67.20 2.87
8 Sc 21 18 632 44.96 1.36 0.53 2.99 — 9.4 106.45 2.08
9 Ti 22 6400 661 47.88 1.54 0.67 4.54 — — — 0.50
10 \ 23 140 653 50.94 1.63 0.15 6.11 — — — 1.00
11 Cr 24 110 653 52.00 1.66 0.66 7.19 0.11 11.35 198.19 —
12 Mn 25 130 715 54.94 1.55 1.16 7.43 0.13 11.65 149.14 —
13 Fe 26 58000 761 55.85 1.83 1.24 7.87 0.13 — — —
14 Co 27 25 757 58.93 1.91 0.30 8.90 0.13 12.95 204.51 0.28
15 Ni 28 89 736 58.69 1.9 1.23 8.90 0.13 13.6 237.12 0.26
16 Cu 29 63 745 63.55 1.65 0.81 8.96 0.10 14.25 282.03 —
17 7Zn 30 94 904 65.39 1.81 0.49 7.13 0.12 14.9 267.48 0.76
18 Ga 31 18 577 69.72 2.01 0.11 5.91 0.10 — — 0.56
19 Ge 32 1.4 782 72.61 2.01 0.31 5.32 0.14 — — —
20 As 33 2.2 966 74.92 2.18 0.43 5.72 0.11 17.20 428.75
21 Rb 37 78 402 85.47 0.82 0.89 1.63 0.17 8.9 53.16 2.98
22 Sr 38 480 548 87.62 0.95 0.75 2.54 0.15 9.9 83.06 2.90
23 Y 39 24 636 88.91 1.22 1.05 4.47 — 10.9 125.06 2.37
24 Zr 40 130 669 91.22 1.33 0.56 6.51 — — — 1.45
25 Nb 41 19 653 92.91 1.6 1.30 8.57 — — — 1.10
26 Mo 42 1.3 695 95.94 2.16 0.30 10.22 — — — 0.08
27 Pd 46 0.01 803 106.42 2.2 1.11 12.02 — — — 0.95
28 Ag 47 0.08 732 107.87 1.93 1.07 10.50 0.07 15.4 209.88 0.80
29 Cd 48 0.2 866 112.41 1.69 0.47 8.65 0.08 16.4 274.45 0.40
30 In 49 0.1 556 114.82 1.78 0.15 7.31 0.10 — — 0.49
31 Sn 50 1.7 707 118.71 1.96 0.50 7.31 0.15 — — —
32 Sh 51 60 833 121.76 2.05 0.32 6.68 0.12 18.7 388.54 —
33 Cs 55 1.4 377 132.91 0.79 0.85 1.87 0.22 8.9 46.59 3.03
34 Ba 56 390 502 137.33 0.89 2.13 3.59 0.18 9.9 71.02 2.91
35 La 57 39 540 138.91 1.1 2.31 6.15 — 10.9 103.31 2.38
36 Ta 73 1.6 577 180.95 1.5 0.20 16.65 0.04 — — 0.60
37 \ 74 1.1 770 183.84 2.36 0.36 19.35 0.07 — — 0.10
38 Pt 78 0.05 866 195.08 2.28 0.62 21.45 — — — —
39 Au 79 0.035 891 196.97 2.54 0.55 19.32 0.04 — — —
40 Hg 80 0.09 1008 200.59 2 0.44 13.55 0.07 18.5 305.58 —
41 Tl 81 0.5 590 204.38 2.04 0.50 11.85 0.10 — — —
42 Pb 82 12 715 207.20 2.33 0.02 11.35 0.13 19.8 297.00 —

T 3R — R B A B K
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Table 2 The correlations between physicochemical properties of 9 metals and logarithm of their crustal abundances

Correlations

X2r P AN(AW)
log(CA)  Pearson Correlation -0.672 -0.628 -0.622
Sig. (2-tailed) 0.000 0.000 0.000
R? 0.451 0.395 0.387
N 30 42 42

7" X, 7, EA Z/r AE,
-0.586  -0.561 0.524 -0.519 -0.497 0.471
0.002 0.000 0.002 0.001 0.011 0.010
0.343 0.315 0.275 0.27 0.247 0.222
25 42 31 37 25 29
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Fig.1 Relationships between metals’ physicochemical properties and their crustal abundance
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= 0.6667 + 0.0952i + 0.2381j (2)

15 3.7,

Miggca-z+ = 75 + Ez + 2—5]
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31 38
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WEE R W] T 4 8 U R 1 M 58 F AR 7 R
S IAOR DG 1 Bk e, B R R BOBR, ST R Y
FeE BN 1a) . X—WFREER S C AT
R 38 — 3 (Hamilton et al.,1972; ¥ K % %4,1996) , [A]
AT R BT 8 F R £ R MW & (1 25 BR
AR, 19945 814 304, 2003) o 4 J& JC R B T
J7ECH B2 AR AR AR BT A JC R B R s 2
— , B B 5 A [6] B9 BPFH BE 38 ( Burbidge et al.,
1957) KAUEH] . B*FH BB AL R 2 FE Rk
TR, HA R ST R 2RI T Eou R, FA T
RAEMTH TR ARERN, & — R 5P AT
P FE UGS AR o SR e R s T REAE,
AL AR ITR . 7o, TR SUE R LR
T BRI BRI DT R AL Ik 3 1 e R B E o
SR, R AR 0 2R AE B S HR &R 19 W B b BT R L
BIAIA R 1% , 5 D A] RE & A8 it 7 4 1) f B 8
AYLH S H R B R B XA — A R e RS W 2 g R
ZAREF BB K ry s ik # . R, 7E T R A R
R BE A RO K, e R b e B
BN, TR FEM MR- D RY THsEh T
F R — Iy T Bk T OO0 R R S5 b AR
P, o5 — 07 T8 2 32 K N [A) RUBE A ) B S T8 A 1Y
S o (RN EAE R A b, N B R P R (B
BB WU B A F X B ICR F RGPy, 1991)
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Fig.2 The curve of elements’ abundance
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bR TR )75, 4 @ o 2 0 e U RR B AR M i
MM 7e FEZ MM AATEE B VMR PFRERD],
JE A% 2 DR o T A A R 4, B R G R B Ak A
PR & T AR (1R 227, 1987) o J P X 45 4l
BT R, 52 W kg TR M HALG Y
HIPET o A% Hh L 19 HE A A A 4 E R, OF 2
B JE 2R W T HE T S8R %A R B B
T RUON% HL T 2 48 R A% 6 A% A1 48 E R Y S BRAE
A7, OB T 48 22 HL - 1Y B Gy s A A R0 L e
7R RE R MR, A RO T 27 A RE
(AT LE AT, 2002) o A &R A 1 Jo] 03 P HE
AR W] T R — JE 00 R A A% L e DA
ATHE R AT 0 R N 1 BT s 5t B R A (T
5¢,1985) o [HIL , A R0 H faf BB 1 Ty B0 3
B JE I A AR (HEAROR T, RS Kk
AT A 4 W7 5T 2R 1Y A RO B A B50FD M e R A 2
BEIAAMCHI R, X G AT G 70 19 45 R AR
I Th) o 53 0h A7 80 v A X 2 AR B 1k
% LB RE R IRE 10 PR S L S B0 R AR
TR (TEBEE,1985) o 42 )& o0 R 1Y A RO AT
K, HFEF 2B F AR @k, B For Mg @
Ko B, G @ITER W TR e S A S0 i g —
R, Shoe 35 B 2 IR G, ] Teo A RO HL fif
7 K JE TR B BT 5] IR R, B
B AL, BT 4 J@ o0 K M e 3 5 R H O B A
KA Lk, mE 1d, B4, & BT RIE T (5
5 WA Bl B R Y B0 1S O 1 OR Yy, S A 48
ORGP DA B TR R R R B X r B, 4
T B R A PR BP0 2 A T g G O, PR 4
J& T FR B AN 8 BORM M 7 B R AR SCSE &R
A le,

b U R M EYIE N E Ton R MR
Ak — AT 4 B T R A AR i S
FERIRFR AR R T BN Z B AR LR,
Hop, #l log (CA) X R i F M Xor.p. AN
(AW) ,P{E/NT 0.01, 4 )8 o0 R F AL BT iy 2
FEVE AT E T A AR, it ok, 4
J& TG F 1~ 3 ] 24 3 A PR 8 i o3 A 1 O (B
A T, 2005 ) Fi 2 55 MK Ak 27 2o A8 0 Wk EE
T S T 5 4 J8 T0 3R I HL Bk AL 24T R
2.1 ¢RARMTFEEHELHNIINER

4 B8 0 F BT L & BAE X — 18 K o0 F Ak
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PO i R (SR WIve i A [(Te ) AN 1
HHEMITR, T 270 R M F B 72/, HoAl ) 7
JF 80 42 BEAE 2 K (Hammond ,2002) o 5 A= fifr 2
S0 7 AL A BURAE A5 3 4 W i AR By B
(Ponnamperuma, 1964 ) & 8l , L R W & I & — R 5
SR NS WAL . & )8 JT R F B 495
FEAEBRBE 1 23 AR B0 (B S % TR 1, 2005 ) Al
Z G ERL i R 1 & R T S IC A DT R Y M ek
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HAR B R R T R SR A BT Le T
CAEDIE N UR7 318 SN R 1 G I RS A N
EMMEBSE TN ESA L, NV EE T EE
FE 52 e H S VR B ) RO BE . BUAR B AR AR IR R
JUER B F BRI ) N A A7 KOl 2 r B 2 A8 1k, B
Je A AR T S K WA AR B2 SR
JEH 2 5T 1) o3 S 30 A KL 52 BN O 1 3l R 2R
SR, 6 IR 225 WA B JT R B B AR AR IS i i
i, YL 4 8 o0 & 1Y Hb BR AL 2% 1 35 ( Khorasanipour
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A MR A7 S o0 R 4 R PR 5 R AR
%, [A) I ik 2 PR 38 1 A3 X o0 & A0 PR AL M ot 7 A —
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U T B YR RN O, B0 AT BE XX X 4
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ARSCR A T M A 43 M R B X 4 T 1R T L A
K FRBE A 5T 9E 7 I0 K #0575 A B AL 4 R 1
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AN, e AL S8 5 log(CA) it AH G, B B
H4 R ICE T RN, &8 F TR .
Z° AN Z"%/r Xor X, Fl EA #5535 W % 1
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