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锗原子量的新测定
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〔摘要〕用两种高富集锗同位素配制的标准混合溶液系列, 以标定一台M A T -

262 热电离质谱仪, 求得 4 个同位素丰度比的校准因数, 从而测得 5 种天然锗样

品的 4 个同位素丰度比的真值。由此计算天然锗 5 种同位素的丰度值如下:

20137±0105　　原子% 70Ge

27138±0104　　原子% 72Ge

7176±0105　　原子% 73Ge

36166±0105　　原子% 74Ge

7183±0105　　原子% 76Ge

再各乘以已知的原子质量, 得出锗原子量的新值为:

A r (Ge) = 721639±01004

这些精确数值的置信度为 95%。优于文献上所有已知的相应值。
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Abstract

A M A T 2262 therm al ion iza t ion m ass spect rom eter w as ca lib ra ted by u sing
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the gravim etric syn thet ic m ix tu res of h igh ly en riched germ an ium iso topes in

the fo rm of ox ides w ith know n chem ica l pu rity. M easu rem en ts on natu ra l

germ an ium sam p les yielded an ab so lu te iso top ic com po sit ion of 20137 (5) a t. %
70Ge, 27138 (4) a t. % 72Ge, 7176 (5) a t. % 73Ge, 36166 (5) a t. % 74Ge and 7183 (5)

a t. % 76 Ge, and the a tom ic w eigh t of germ an ium as 721639 (4) bo th w ith an

uncerta in ty g iven on the basis of 95% confidence lim it.

Key W o rds: germ an ium , a tom ic w eigh t, iso top ic abundance, m ass

spect rom etry

1　In troduction
R ecen t ly ou r research group repo rted the ab so lu te iso top ic com po sit ion of

germ an ium , and its a tom ic w eigh t as 721639 (7) [1 ], w here the f igu re w ith in the

b rackets ind ica tes the uncerta in ty of the th ird decim al (no ta t ion like th is w ill

be u sed th roughou t th is paper). N ow that the rounded value 72. 64 (1) has

been adop ted by the IU PA C Comm ission on A tom ic W eigh ts and Iso top ic

A bundances in 1999 to revise the cu rren t va lue 72. 61 (2) by an increm en t so

large as 0. 03, such a con sp icuou s change in A r ( E ) is a rare even t in the

con tem po rary h isto ry of a tom ic w eigh t determ inat ion s. T he im po rtance of th is

p rob lem has encou raged u s to u se a m o re sen sit ive therm al ion iza t ion m ass

spect rom eter of F inn igan M A T 2262 to repea t the iso top ic ra t io m easu rem en t

by u t ilizing the so lu t ion sam p les a lready p repared in R ef [1 ].

T hese sam p les con sisted of 2 p rim ary standard so lu t ion s, 8 m ixed standard

so lu t ion s (2 of w h ich had no t been m easu red in the p reviou s w o rk ) and 5

so lu t ion s p repared from terrest r ia l germ an ium m ateria ls. In th is w ay, w e

ob ta ined the sam e value of the a tom ic w eigh t of germ an ium bu t w ith a sm aller

uncerta in ty.

2　Exper im en ta ls

211　M ass spect rom etric m easu rem en t

T he F inn igan M A T 2262 is an au tom at ic therm al ion iza t ion m ass

spect rom eter p rovided w ith six Faraday cup s, a secondary elect ron m u lt ip lier

and a retard ing po ten t ia l quadrupo le (R PQ ) ion coun ter, the la t ter being

su itab le fo r m easu ring the iso top ic abundance ra t io dow n to 10- 5. T he
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in st rum en t is designed to m easu re either po sit ive o r negat ive ion s. T he on line

com pu ter is L egend 586 L X2P5ö100 PC I system w ith the co lo r graph ics

sof tw are package w rit ten in H T BA S IC (version 4. 4).

T he doub le f ilam en t rhen ium techn ique w as adop ted fo r m easu ring

germ an ium ion s. A fter being degassed in vacuum the sam p le f ilam en t w as

loaded w ith 3 ΛL of a sa tu ra ted so lu t ion of bo ric acid (guaran teed reagen t) and

then heated w ith a cu rren t of 0. 7 A. T hereaf ter 10 ΛL of the sam p le so lu t ion

con ta in ing abou t 47 Λg Ge w as carefu lly loaded on to the liqu id layer. W hen the

m ixed so lu t ion evapo ra ted a lm o st to dryness, the cu rren t w as low ered to 0. 5 A

so as to m ake the loaded film drying up slow ly. A fter the sam p le m agazine w as

la id in to the ion sou rce, the m easu ring system w as evacuated dow n to 5×10- 8

m bar. T hen the ion iza t ion f ilam en t w as heated up w ith a cu rren t increasing

slow ly t ill it reached 4. 8 A. T hereaf ter the sam p le f ilam en t w as sim ilarly

hea ted t ill it reached 0. 5 A. A fter 1 h r the cu rren t fo r the tw o filam en ts w as

increased alterna tely t ill the sam p le f ilam en t reached 700℃, and the ion iza t ion

f ilam en t abou t 2250℃. A t th is stage the m ajo r Ge+ beam at ta ined abou t 10- 12

A. T he em ission of the ion beam cou ld be kep t con stan t fo r m o re than 1 h r.

In the case of sam p les A and B , the m ajo r peak72G+ o r 74G+ w as co llected

by the Faraday cup , w hereas the sm all peak s w ere m easu red by the R PQ. Fo r

the eigh t m ixed standard so lu t ion s, w here on ly the abundance ra t io of 72Geö
74 Ge needed m easu ring, tw o Faraday cup s w ere u sed fo r sim u ltaneou s

co llect ion. In the case of f ive natu ra l sam p les of germ an ium , sim u ltaneou s

co llect ion of the ion beam s of fou r ligh ter iso topes by Faraday cup s w as

adop ted, bu t the 76 Ge+ beam w as reco rded separa tely by m ean s of peak2
jum p ing fo r the sake of avo id ing dispersion.

Fo r each sam p le to be m easu red, f ive th rough ten rep lica te load ings w ere

m ade, and fo r each load ing 100 ra t io s w ere reco rded together w ith a m ean

ra t io. A ll tho se m ean ra t io s fo rm the grand m ean of the sam p le, w h ich is show n

in the data tab les of th is paper.

212　Gravim etric syn thet ic m ix tu res of h igh ly en riched germ an ium iso topes

T he iso top ic com po sit ion of sam p les A and B w as first determ ined by

m easu ring the fou r ra t io s of the f ive iso topes of germ an ium as show n in T ab le

1, w hereas T ab le 2 gives the iso top ic com po sit ion of germ an ium in each

sam p le. F rom the la t ter the concen tra t ion of (72 Ge + 74 Ge ) in bo th p rim ary
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standard so lu t ion s A and B , tha t is CA and CB , can be ca lcu la ted as described in

R ef [1 ]. T he resu lts are g iven in T ab le 3.

Table 1　Observed isotop ic ra tios of german ium in sam ples A and B (1s)

Sam p le A

8 rep lica tes

Sam p le B

6 rep lica tes

M ass pa ir A bundance ra t io M ass pa ir A bundance ra t io

70ö72 0101502 (10) 70ö74 0. 000301 (12)

73ö72 0. 00931 (7) 72ö74 0. 000609 (5)

74ö72 0. 02738 (15) 73ö74 0. 00551 (3)

76ö72 0. 00594 (9) 76ö74 0101623 (20)

Table 2　 Isotop ic com posit ion of german ium in sam ples A and B (1s)

Iso tope A t. % in sam p le A A t. % in sam p le B

70 1. 420 (10) 0. 0294 (12)

72 94. 549 (40) 0. 0595 (5)

73 0. 880 (7) 0. 539 (3)

74 2. 589 (14) 97. 785 (20)

76 0. 562 (9) 1. 5871 (194)

Table 3　Concen tra tion of (72Ge+ 74Ge) in standard solution s A and B

Sam p le A B

A tom ic w eigh t 71. 9767 73. 9452

GeO 2 m o l w eigh t 103. 9755 105. 9440

To ta l Λm o l Ge 2362. 393 2364. 466

A t. % (72Ge+ 74Ge) 97. 1380 97. 8447

Λm o l. % (72Ge+ 74Ge) 2294. 781 2313. 505

Λm o l(72Ge+ 74Ge) g- 1 so ln. 66. 36364 (CA ) 63. 71649 (CB )
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　　Po rt ion s of so lu t ion s A and B , w eighed accu ra tely as W A and W B , w ere

m ixed to fo rm eigh t m ixed standard so lu t ion s. W A and W B fo r m ixes N o s. 1

th rough 6 are g iven in R ef [1 ], w hereas these fo r N o s. 7 and 8 are show n in the

foo tno tes of T ab le 4. T hen the iso top ic ra t io R 72ö74of each m ix w as determ ined,

and from that the co rrect ion facto r fo r the in st rum en ta l b ias, K 72ö74, can be

ca lcu la ted by m ean s of the fo rm u la [1 ]:

K=
W ACA (RA - RAB ) - W BCB (RAB - RB )

W BCBRA (RAB - RB ) - W ACARB (RA - RAB )

w here Ca and CB ( see T hb le 3) , RA = 361523 and RB = 0. 000609 ( see T ab le 1)

are a ll con stan t, w hereas W A , W B and RAB = R 72ö74 vary in each m ix. T hu s w e

ob ta ined eigh t va lues of K72ö74 w ith the m ean as 0. 99148 (100). Itera t ion yielded

the t rue value of CA and CB as 66. 36245 and 63. 70947 Λm o l per gram so lu t ion

respect ively. F rom tho se w e ob ta ined the t rue K72ö74= 0. 99158 (100). Besides,

the t rue iso top ic com po sit ion and the a tom ic w eigh t of sam p les A and B are

listed in T ab le 5. T he K’s fo r o ther iso top ic ra t io s as ca lcu la ted by m ean s of the

exponen t ia l ru le are K70ö74= 0. 98323, K73ö74= 0. 99578 and K76ö74= 1. 00849.

Table 4　Observed R72ö74 of m ixed standard solution s and the correction factor K72ö74 (1s)

M ix N o. R 72ö74 K 72ö74

1 0. 96268 (104) 0. 99277

2 1. 44499 (200) 0. 98986

3 0. 82086 (100) 0. 99087

4 0. 68059 (119) 0. 99113

5 0. 55658 (86) 0. 99120

6 0. 65340 (74) 0. 99248

7a 0. 55636 (29) 0. 99246

8b 0. 63462 (44) 0. 99110

M ean 0. 99148 (100)

Itera t ion 0. 99158 (100)

　　aW A = 874. 025m g;W B = 1582. 652m g　　　　bW A = 1106. 263m g;W B = 1754. 442m g
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Table 5　True isotop ic com posit ion and the a tom ic we ight of

german ium in sam ples A and B (1s)

Sam p le A B

A t. % 70Ge 1. 408 (14) 0. 0289 (13)

A t. % 72Ge 94. 527 (46) 0. 0590 (6)

A t. % 73Ge 0. 884 (8) 0. 537 (3)

A t. % 74Ge 2. 610 (17) 97. 775 (26)

A t. % 76Ge 0. 571 (10) 1. 6001 (210)

A tom ic w eigh t 71. 9778 73. 9455

213　 Iso top ic com po sit ion of terrest r ia l sam p les of germ an ium

T he five sam p les described in R ef [1 ]. w ere analyzed fo r the fou r ra t io s of

germ an ium iso topes. T he resu lts are show n in T ab le 6. T hese ob served ra t io s

w hen m u lt ip lied by the respect ive co rrect ion facto rs yielded the t rue ra t io s,

f rom w h ich the iso top ic com po sit ion s w ere read ily ca lcu la ted and are g iven is

T ab les 7 and 8. T he fo rm er show s the com p lete ca lcu la t ion fo r sam p le 1 as an

exam p le w ith the overa ll lim it of erro r, w hereas the la t ter, the iso top ic

com po sit ion of a ll the terrest r ia l germ an ium sam p les together w ith the m ean

iso top ic com po sit ion. A gain, no iso top ic fract iona t ion in natu ra l w as found. In

addit ion, T ab le 9 gives the f ive values of the a tom ic w eigh t of germ an ium and

also the m ean.

Table 6　Observed isotop ic ra tios of german ium in terrestr ia l sam ples (1s)

Sam p le N o. of rep lica tes R 70ö74 R 72ö74 R 73ö74 R 76ö74

1 8 0. 5649 (6) 0. 7537 (10) 0. 2125 (6) 0. 2123 (10)

2 9 0. 5651 (7) 0. 7525 (5) 0. 2125 (7) 0. 2115 (9)

3 9 0. 5660 (14) 0. 7545 (14) 0. 2132 (11) 0. 2118 (7)

4 8 0. 5652 (18) 0. 7526 (10) 0. 2124 (9) 0. 2123 (15)

5 6 0. 5646 (5) 0. 7531 (5) 0. 2121 (11) 0. 2118 (6)
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Table 7　Summary of the ca lcula tion of the a tom ic we ight of german ium (sam ple 1)

Param eter V alue

M ass
spectrom etric

ana lyt ica l erro r
2Sm , ±10- 3

Po ssib le erro r
in chem ica l

ana lysis
2Sc, ±10- 4

Po ssib le b ias
in separa ted
iso tope ra t io
B , ±10- 4

O vera ll lim it of
erro ra

[2 (S2
m + S2

C) 1ö2+ B ],
±10- 3

Iso top ic
ra t io

70Geö74Ge 0. 555427 0. 613 1. 63 2. 82 0. 916
72Geö74Ge 0. 747354 0. 899 2. 17 3. 77 1. 30
73Geö74Ge 0. 211603 0. 478 0. 613 1. 06 0. 588
76Geö74Ge 0. 214072 0. 711 0. 612 1. 06 0. 820

A t. %
70Ge 20. 3568 25. 3 67. 3 117 37. 9
72Ge 27. 3911 29. 4 71. 2 123 42. 5
73Ge 7. 7554 32. 6 41. 7 72. 2 40. 0
74Ge 36. 6508 36. 3 67. 5 117 48. 6
76Ge 7. 8459 48. 2 41. 5 71. 9 55. 6

A tom ic
w eigh t

72. 6395 1. 012b 2. 69 4. 66 1. 51

0. 589b 1. 42 2. 47 0. 853

0. 325b 0. 416 0. 720 0. 400

0. 965b 0. 831 1. 44 1. 11

　a Fo r the uncerta in ty in the value of atom ic w eigh t, an item B n , ±1×10- 6 (po ssib le b ias in iso top ic

m ass) is added.

　b T he fou r componen ts perta in to the fou r rat io s.

Table 8　 Isotop ic com posit ion of german ium with overa ll l im it of error in brackets

Sam p le A t. % 70Ge A t. % 72Ge A t. % 73Ge A t. % 74Ge A t. % 76Ge

1 20. 3568 (379) 27. 3911 (425) 7. 7554 (400) 36. 6508 (486) 7. 8459 (556)

2 20. 3791 (378) 27. 3639 (342) 7. 7606 (419) 36. 6752 (440) 7. 8212 (483)

3 20. 3808 (527) 27. 3991 (479) 7. 7750 (587) 36. 6226 (565) 7. 8225 (416)

4 20. 3750 (673) 27. 3580 (422) 7. 7555 (504) 36. 6615 (652) 7. 8500 (819)

5 20. 3602 (362) 27. 3849 (352) 7. 7464 (700) 36. 6738 (482) 7. 8347 (427)

M ean 20. 370 (46) 27. 380 (40) 7. 759 (52) 36. 656 (53) 7. 835 (54)
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Table 9　A tom ic we ight of german ium with overa ll l im it of error in brackets

Sam p le A tom ic w eigh t

1 72. 63951 (387)

2 72. 63862 (358)

3 72. 63773 (448)

4 72. 63953 (567)

5 72. 63937 (371)

M ean 72. 6390 (43)　

3　Conclusion

T he atom ic w eigh t of germ an ium redeterm ined in th is w o rk as A r (Ge) =

72. 6390 ( 43 ) confirm s the p reviou sly determ ined value 72. 6390 ( 69 ).

Con tribu t ion of th is new m easu rem en t is the d ist inct ly sm aller uncerta in ty.

T he com parison w ith o ther know n values g iven by variou s au tho rs w as a lready

m ade in R ef [1 ]. Besides, K ipphard t et a l. recen t ly pub lished a value of 72. 628

(19) ,w h ich w as ob ta ined by m easu rem en t w ithou t u sing separa ted iso topes fo r

ca lib ra t ion.

It m igh t be in terest ing to no te tha t though differen t m odels of m ass

spect rom eters po ssess d ifferen t in st rum en ta l b ias ( in ou r case, K 72ö74 = 0.

99158vs. 0. 98355) , the f ina l va lue of A r (Ge) as ascerta ined is the sam e w ith in

experim en ta l erro r as it ough t to be.
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