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New Definition of Mole and the Accurate Avogadro Constant

Lingxiang Gao °, Shuying Zhang, Weigiang Zhang, Quanguo Zhai, Mancheng Hu, Shengli Gao
School of Chemistry & Chemical Engineering, Shaanxi Normal University, Xi’an 710119, P. R. China.

Abstract: The new standard for international Sl units was officially implemented this year and the definitions of the
Sl basic units, such as mole, will be changed to constants. In this paper, the Avogadro’s constant and the principle of
molar mass are briefly reviewed, and we focus on the concept of Mole’s new definition and how to accurately
measure Avogadro constant, as well as the development of atomic weight precision measurement, nano-scale
precision measurement, materials preparation and characterization technologies. The new definition of Mole will
affect every undergraduate of chemistry because it can better reflect the relationship between scientific methods and
scientific thinking and chemical knowledge. It can be anticipated that the new definition of Mole will soon have a huge
impact on the teaching of inorganic chemistry, analytical chemistry and physical chemistry. This recount is naturally
important to improve the scientific thinking and research quality of undergraduates.
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ASSCAR A ST 1] — 26 5 B 25 25 SCHR, A A8 55 JEE 2R A SCATAE ik 00 X 1 27 s 0 1 R R
REHR, RO TS — A B R DR B SR E 98 ST ) B AT e 235 S

1 MBTARANAE S & f ik A
1.1 PTAR{NEE S & AL

rpE e, FRATT I 0 B R A0 £ 5 S (Avogadro’s law) & B SR R — . Bl AR AN 1
(A. Avogadro, 17761856 )i AR &M HL 22 S IE R VT SR AR TR AR, EEYE 2K E-BiE 5w
(J. Gay-Lussac, 1778-1850 )W 2. SR RNIET, WA 5 A2 S AR IR AR Rl 187 S 88 £ L
J& AR 55 - 5 5% 50 8 (Gay-Lussac’s law). 1811 55, N TR JE-F IO N, BT AR A4 ' I 55 - B 5% 7 1)
SEYR AR S HT AR, 2 T A R R R R SR R, AR R AR AR BT AR SR ER S A AR R E 1
M, o B BT AR A 2 e 2, PR “PUREE” » BB 7 o TS, et T R
JEFB80 F MR S MY R R R, 58 R(J. Dalton, 1766-1844 4F) )R+t JE
BT R T OV B R -2 25 0 o LA DR BT AR AN D 4 T — NI AR A R 5 e 1R
Wi
1.2 PRS2 5 H—P8 K+ B B
1.21  “PIRMIEZ HEH” BHR

1865 4F, WAL 5K E %M. Loschmidt, 1821-1895 4F)RThHuill & H AR HER ML T 1 cm?
ST ETEHE RS TERL N 2.7 x 10, F—RHEBL T NAE, X2 R M S B & 181, XK
BEEREH. FEE, 1E 1909 4, EEYHEAY KM= . Perrin, 1870-1942 )i, 1 5014
JRHF T & A R — N N T DS RMNEER, A SCR X AN By 4 N AR R 2w
. 76 1913 fEMEET, A KGR 17X — I, UGER SZIR A T B AR B E s N
6.7 x 1023 B3],
1.2.2  FafRANGE S & B Ak

2015 4, A [E 2 F R BT AR AN B A0 RS R IR R s AT BT AL S H 4 DUR L
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W 55 OW A T 08 R MR RAE T o 1 2 A 3 o 0 I B AR A A B R B S LR, i,
PR HEE F 5EAREN e ZHAIMKAN F=Nae, SMHE R SEHESFE k ZHMXRAN
R=Nako @ PFalARANNEE S H £ () F(E mT DA I SE 300 ok . — MR A HEMA 6.02x10%, B ATXS
W7 F4) 4 A AL 5 A A2 B AR A ol 2 48, T R BT AR A A 2 SO B e . © BT AR 4 2 Hi A LI
FZHIH ST /& mol™'e @ 7£ 2019 4 5 H 20 HZ i SLH, BTS2 & I 8UE 5 0.012kg 1>C
FT & AR R PR R, #5508 Nao HEERIEAON:
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20 28 Y], Bl R T BRI —FIaART A, B “T T, BEEMERR T HE, XERTH
fii. 1905 4, ZHHiIH(A. Einstein, 1879-1955 fF)fEAh ) TAEHEIH T “HE 2K+ 7 XAHE, W
KB T — A TR AR 25 B )& L AE 1909 4F % 845 WIS h JE PRI g ) 7 522 Iy 7, 3F
T H T AR A P AL

T J5 - 3810 1R S8 56 UF S0 6T Bl AR 41 48 20 45 £ (B BE R ORL 0O B E 2 I, BHFEFERUE BT % BE
IR R FAN AT 5 E AL 2 K% R (UL Stille, 1910-1976 4F )85 — ks F — M-S AN & X
RALER “BEIR” i — 5 “PEIR” BN — MR E AL, AR R R (40 5 AL “
(2)” BRRERK: 1 BEI/R~Arg: H— 71, BERBEMA “BERE” , fF5 80, 2— M1, LE
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1971 4,  “BER” T )mE PR &K BRI ST BAL RS, ASFERAMIT & 4 T15 2
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P& XX AR 2 RT, SIANFRINES WA NABRER T .
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2.1 BEIRENE bR AL
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EEXT Na IR TAEM 1718 g D& ih, R RATE Y T AL BAARESE.
BENE T BUE SR NV 2 & 716, Na DS FIAR X ANH E BEA T T 8. IUPE, %% 50
ME SR E T X PR AR % BV (XRCD)SEELY, WHFRAN “avagadro S8~ 8% “HERSZR” .
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Hrb, n AR EAAN mol), m AREIKM T EAAN kg), M(Si)NAERBE /R & (AN
kg-mol ™),
REF G RS I RERR R (B DT &, BT TR T AT LU R (12) 15
8x V.
N=—% (12)

a
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N (R AN m).

. N
)
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EH1 HEAEHIREE
20 (1) A1 X (12) BI AT 45 21 BT AR A4S 25 55 20 Nas i zR(13)F R (14) Frs
LN (13)
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 8x M(Si)xVy
NA B }’l’l>((,l3 (14)

H130(14) AT U 2 S OO AL TR 56 R e SRS U, IR S T P B ot ekt ) R B R B A
ERUCAR . R BR 5T 5 A % 8 BCE AT HE R DN &, At mT LSBT AR i 428 2 B e I 5 . 805, R
T ORE BT E SR RO B, DA B R (i 2 H AR bR HE AN 52 LN T 21078 ik,
HT LA B 5T 22 g 5K RS R AR PR D BT AR A48 27 3 S T AT 4L (TAC) I LA X % A 2 i) AN f 58 T 4
7 BRARERPL, EMEERE, AT EE ) 5B A RS A — 2. Wk 2 .

K2 NaWEFHATNERE S5 FUY B ARx L

AT AN S
IR R
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JEE IR R 2.0 1.0

i i AR A 1.8 1.0

Tt BR AR A 3.0 1.0
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RERRFRHE 1.0 0.5
%R e C 2.0 1.0
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IO 2R S R R 52 . ik, TAC R O R ARRE-28 1FE 0k, d i B e i AR K I T k3R
BEAIRESAE R IRGEFEFEIE S 99.9% A _E (1) 8 i k-28010), #nf&] 2 FioR o

ECP(Russia): Production of SiF,
Siyae +2 F, — SiF(nat)

.

ECP(Russia): Enrichment of SiF,
SiF 4(nat) — 28SiF,(>99.99%)

.

IChHPS(Russia): Silanisation/Purification
28SiF, + 2 CaH, — #8SiH, + 2 CaF,

.

IChHPS(Russia): Chemical Vapour Deposition
28SiH, — 28Si(poly) + 2 H,

.

IKZ(Germany): FZ single crystal growth
28Si(poly) — 22Si(single crystal)

B2 28Si BB

SRAFREEE R i EAE R A I I R 2 MR e . RN 28Si AL R I E 2R LTN 100%: X(8Si) =
0.9995752(12)67, AHI&LAZiMIE T T KA A 2R 2°Si A1 30Si A ifE ol . — MFEHEENMA
. oH. B E nE S MNEEXMEERAERA R 71X TAE. &k, ffHBBRMEEE T4
(ICP)JEM & [FAL R LR, (HE AR R ZE . 86 A TR [F AL 25 B S (IDMS) Ji7 2 (4 BT 1k 27
HeE I AR R SR EE RN CRER R b, T X . £ LS,
Pk B R 5 U 2 R ) A A P S et 58 A S [RIE B AR R 78 1 SR B0 7 VA A B TR SE s IR AS IS I
SIAT(INAA)E T iR EERI IR 23 50 XCOSh), 8 I M ' Al H 5 1% v (GDMIS) Il 2 1 = A s s Rk IR oz
REHMEED .

ik, B AR R BE R R AT R

M (Si) = fosM (P*Si)+ froM (P Si)+ f3,M (' Si) (15)
X, MoATTERIBEIRFE, f(i=28,29,30) 9K =Fh[F A7 % (8Si, 2°Si, °Si) i FFF .

Y24 N1k 2881 i B AT . X(33Si) = 0.999993053(21)mol . K 3 N =R EAL KRBT 2

RN 2 Jig 2 A [R5 2R 1) JBE O TR B

3 EERARE SIBITZ RN ZJE &M ER AR BER R &

M(Si)/(g-mol ™)

i Bl - -
AT BT IR
1=28 27.9769265350(05) 27.976926535(13)
=29 28.9764946653(06) 28.976494665(13)

1=30 29.973770137(23) 29.973770137(30)
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3.2.2 HAEERARKUE
TE = YEPD AR AR AR I B, R IR R B ey I S AR TR o B 10 K B e e 1) 381
HERREERAAR, IRIE LA B e IE R EER R T A BT Y, FREERER N E S ER IR IERI &, DL
PE BRI R B AR R BT R A IEE AR . ARSI TAER, R TET 5T 5w E bR it &
H LU E N T BT SRR AT LU, BRI R R E R 1 kg (BARZ°H 93.6 mm). Ak,
T HRFTIRAS M 1 kg AR A E R, VWAZEREHERN THEE | nm WEN. B, 726
BRI T K B e 19 SR 56 KR IE CSTRO A %5 6 % H 0 (ACPO), BRI A BAL T 50 nm, HITE
BT HMEEFRZRCIE S x 1074 Eg U, @b % 0 & ak Bk 00 5 2 AR 306 T3 0720 &
P EAZ L RETS B REERR A A VERA B, AR FEIS 1078 g, IX Rt BRI AR 2 51 AR R
KAFEE/NT 1 x 10712,
3.2.3 ERFEEMNE
AR B e e el 8 NEF AR 1), B GEHAE T = 8. (HIERE MR A KT,
S HAR R F RS, WM n (R . B AT KR SRR SREEE, 615 0 A2 —4E
SRE, TR R S
n=(Nq+9) (16)
X, No=8, o EBIEIMEIEM, L8 107 B, AAiffE 7R E=2m. EAME, HT G RN
BT A s, EREEF A RITE AL E AL, BRI 2S8R 2 2 8 ZE A
m(Kik) =V 2 (myg —m;)N; (17)
S mog A my o3 A2 28Si ST RIS @ A SSEBE I R (SR RN R, VARBRIRAR, N2 s
I BE
3.24 EEREKEHHIWE
KA X R B 3 FE VR XRCD v e, 1538 T REERI SRS 0N |
oy (XINT) = a(XINT)/8"% =192.01371198(34) pm (18)
R (18)Fim X B T AL IAL B i #2546 mm PR 55 I 5 5 At 38 B 0 ~F 2 S 4% 1) #E, =X b XINT
X WERTWAMHES .
FEANERIT Y S S B0N
a(S) =1+, B,AN,)a(XINT) (19)
XA H S AHEEER AVO28-S5¢ B AVO28-S8¢, FHx i /& miBhBf, pi &N RE, AN ZERETWIZ
F) R BRI AR 2
FT UL EIRE, RO BA AR & 45 R BCFE 8 AVO28-S5¢ Fl AVO28-S8c
I EAR BN 93710811.21(50) nm A1 93701526.26(47) nm; i (-T2 6815 5 430.819289(7)
cm® F1 430.763223(7) cm?.
Wi, hnT CASRASLE AN G L 2 BRI L I i Bl AR Al 4 0 BB (3R 4) 03,

F4 IAC AAH NafE

RS i 10723 Na/mol 108y(Na)
[55] 2011 6.02214082(18) 3.0
[56] 2015 6.02214076(12) 2.0
[57] 2017 6.022140526(70) 12
[58] 2017 6.02214084(15) 2.4

y NARHE S
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