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EBtE RETFEHMTERRLE

Chapter 7 The Atomic Structure and Periodic System of Elements

R—mmrh, RATN BRI A — T 45K . Ao TAR S ot Ay Bl i X P i
AN, R TR EA G I JEH, AR RGN, L O AT AR AR
B o MUACIZHI 228 NTH X L8 J5 BT S BA B Th R & MRy A= . il st 5%
FIF % 7 )R # (the isoelectronic principle) & BT AL &4

In 1971, the following isoelectronic compounds were known: Ni(CO)s. Co(CO)3(NO) .
Fe(CO)2(NO)2 » and Mn(CO)(NO)s. The last member of this series, Cr(NO)4, was unknown.
However, in 1972, several chemists had sufficient faith in the isoelectronic principle to photolyze
a solution of Cr(CO)s in the presence of NO ,and thus they prepared.

For many years chemists were unsuccessfully tried to prepare the perbromate ion, BrO, .
The first successful synthesis of perbromate involved an isoelectronic species as the starting
material.

¥Se0;” —> ¥BrO, + -

B, 235N, R T TR bR . JATHr R0 85 T A8,
TR MMeEYRITE S, FEEPER FIET458 (electronic structure of atoms)
Feal 2 e 7% (valence electronic structure of atoms) o

JiF Catom) IX/NFK H A M A0 “atomos”, & = B2 AR 0 #] 1) (indivisible) . F14
75 B 7 2 52 R AR 1 A& & . 9] 0 Democritus (460-370B.C.) A /& AR /)N
My ANATSr ORI 4L (The matter is composed of small, indivisible particles, which are called
atoms.) o AIF— %A N FEE [ school teacher J.Dalton 7 1803-1807 4E 42 H T Ji 1 Hl 8

(atomic theory) Mg AR FIL 2. Mt BFERL, FHRAR, XGRE, ZHhTH
R TAER . g — A B E MK (color blindness) , It LABLES 44 #K Daltonism
HNEE.

FE UL G e Y 2 B R BB IE T R RS, TR AN PR o 1 R i

PR B T B S, B VR 2 IR T AL SRR R

§7-1 EFHHHNEIA

The Discovery of Structure in Atom

— TEFRFHBEMRE
Table 7.1 The Charge and Mass of Subatomic Particles

) charge Mass
particles . .
C e.s.u g a.m.u
proton (P) 1.602x107" 4.803x10710 1.672x10724 1.007276
neutron (N) — — 1.675x10724 1.008665
electron (E) 1.602x1071° 4.803x10710 9.108x10728 0.0005484
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e.s.u (electro static unit)  a.m.u (atomic mass unit) la.m.u = 1.660531x10724g
B AT AR AN R E RSB RUIVEL T, FROTIORL T (micro-particles) o
A NATHE 62BN VR S fOUURE T~ FOWE 2 71 T FRATT U 301X 8 i A, 1 ) — L6 35 44 S
B, A B[RS IR L EEACKE 1 1) R IR, TR ARG B SEIG AR A B R 2 TA] PR AH
HRAFA —ANEAERNR, BETAE R 22 AT 22 BT BT o A5t 1 —Fif
AT ENERE, DSRTEZ R ER:
H— AT RIAT AN ERI R S8, ISR B8 i 1) R A & 7 TR A ) — Le g s,
S SRR, DR RE T SRAS OB AR5 F HE— 5 1 S B0 22 0IE AR AL
F= BB TN . RIS BRI RERS UL — QU KR F L, T AR T
NELE, EIRRDIREAE TR0 TAER R RN, LB, AT BT
WHIESERRL, Oy FHRE 2 H SRR T 1)
VA RIS O BIE TR MR, SO E
—Ruk, A B N E AN R b B R E RIS A RS . X Ak
WA R B G 5 2 . IEFDR LR M E R A 8%, Retb et K%
SRR, FFNRKONIE 1 E 2 KRS, X2 — i .
—\. RFEHHIALIL (The Discovery of Atomic Structure)
1. AEARE 45 R R OO B2 R 5 T YA 5 THD PR 7 A

(1) Conductivity of low pressure gas. (2) Radioactivity
(3) X-ray diffraction (4) Spectroscopy
2. Discovery of electron —— Cathode rays

(1) 1897 4E, the British physicist J. J. Thomson (1856-1940), H:A 37375 1 B AR5 26 (4
Jii (K 7.1) , determined the ratio of electrical charge to mass: e / m = 1.7588x108
coulombs per gram.

(2) In 1909 Robert Millikan (1868-1953)of the University of Chicago succeeded in
measuring the charge of an electron by performing an experiment known as the
“Milliken oil drop experiment.” (& 7.2) [ e=1.602x1071°C, .".Mass of a electron =
1.602x1071%/ 1.759x10% =9.11x10728g = 5.5x107* (amu) ]

0il spray

A Atomizer
[ [:LElectrica]ly charped plates l\ —
@H T *) 2
o I 'Q Source of X rays N
3‘“@&;__5"' oy g Fluotescent (ionizing radiation) Viewing
. ! SOTEET = microscope
el P Electro
velta Hetfe O
High woltage Magnet
Electrically
charged plates
Fig 7.1 Thomson’s experiment to measure the Fig 7.2 Milliken oil-drop apparatus

charge-to-mass ratio of the electron
3. The Rutherford’s nuclear atom (£ 1908 4 Nobel {£523%)
(1) TS PRI R IR 1A 5T S5 7 A S A AL R IR TR K 77 1k
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In 1896 the French scientist Henri Becquerel ( 1852-1908 ) was studying a
uranium mineral called pitchblende, when he discovered that it spontaneously emits
high-energy radiation.

$%45 Marie Curie \— MU FH 810 H1 73 BS tHZ) 0.2g — R e =64 (R
W, XGRS AR (radium) o 3 B0 55T BRI B 0E AT
SHEIAR : revealed three types of radiation: alpha (a), beta (5), and gamma () :

Type of radiation Mass Charge Nature
Alpha 4.0026 +2 Nuclear of helium atom
Beta 1/1837 -1 High-speed electron
Gamma 0 0 High-energy radiation

(2) Rutherford’s experiment on the scattering of a particles

b.

a. J.J. Thomson proposed that the atom consisted of a uniform positive sphere of
matter in which the electrons were embedded. This model became known as the
“plum-pudding” model, after the name of a traditional English dessert. Thomson’s
atomic model was very short-lived.

In 1910 Rutherford and his co-workers performed an experiment ( & 7.3 ) that led to
the downfall of Thomson’s model on the scattering of a particles. {1411k a $ ¥ i# it
1000 )24 J5F (400nm) M4 fE, RIKME Mok 7 HIM JLEA1/10°,
BI10 Jihakigrf, R —Aabi T KA 90°LL BRI .

A TN ISR () SR T ORER > A AR s (i) BR T A AR FELe A
Joi AR AR P AE— MR AMATR RN R B B — B ETR, KImdrabi TR JLE A
1078, XU S i / S ir= 1078, Sorgpp fr = 1074 MRIGXLEGER, /5 BAEHEH
TR T AR

a-particle
source

(a)

Figure 7.3 (a) A block-diagram of the Rutherford—Marsden—Geiger experiment. Most
of the a-particles pass through the empty space between nuclei. A few come close
enough to be repelled by the nucleus, and these particles are deflected through small
angles. Occasionally, an a-particle travels along a path that would lead to a direct hit
with the nucleus. These particles are deflected through large angles by the force of repul-
sion between the a-particle and the positively charged nucleus of the atom.

4. FiFHIKEL (Discovery of proton)

1886 £F Goldstein I [ B il il 2 SLII B, A BUAT 53 b — Pl £ B A 17 5 1

RN T3 1AL AR S BT T S 8 e B A A A I U K I S 1 A, B B A S

%

FRRE AR, WA LA T (HD , HEETE, &

VS
5. FFHIKI (Discovery of neutron)
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1932 4£ Chadwick (British scientist) (1891-1972) K8, 4ok 745 1 4 )8 4k
B, FeA—FhE R iEm M 2, S R AR

§7-2 ARTFTHEMBLNRA
The Spectrum of Atomic Hydrogen and Concept of Energy Levels

—. [EREAYiR
1. fEH LR, WHEEE R OE KRS M Y 5%EH: Newton three mechanics’ laws;
Maxwell’s equations—electricity, magnetism, optics; Boltzmann’s statistical physics.
2. AHFERAS T =K
(1) BBARARS . Eocy, RMEMGE, KA.
a. AR BRI R AR A . HRAE A S B PG BB
EomE +E,= % kA2 CEARIBIGT T FRE D

b. SEE: CHAUFIIIMAE RN m IR R, R, HEIHEIRE, AR
CE . HNREEEGE, AOHRIBCKERE, Ee<1/A, RIE o< v,
c. Planck’s hypothesis (German physicist, 1858-1947)
1900 4, Planck 7EIRA 73 M SEU6 848 A1 22 S BB T 507 R B ali B, F5 AR 2 L Pig
WHIN, TIRIAHERA TEADTE, Mg 7.
(1) 2R R T BEEARL TR MR T —FE, KSR W E=nhv % 1, h—Planck’s
constant, v—IRF I, n & — A H ] DLECE A 1%L
(i) FRTIFAELIERGTRE R, TR RBRRHARN R, WRAn=1, WIAE=Anhv =hv .
Planck M7 X 8k, 23K 1918 4 Nobel #2574
1900 4F 12 H 14 H, Planck B8 CLFIMMELFE &, B TWHEZHMNE —RITEE.
Planck X AR BEMRANERIBR B, BHUEMA NAEVF 2 ERFHEA L —BEZ TR it
WLRFIZFERILE: WG SEBOEERANEAEN “BT7 520G, BIXF
PEST o A B B e ks TR A, AT T IIRZ L. 7
BIHEAE 73 77K F b, Bt UK/NEE T vt 8 FRO8E T (quantum) A SEE
KW BR (. X ARER B TSR R AR T ATER M S . Je R )t T (photons) 4H
B EEMFRLT M, BARRESIE.
(2) FHLRN. (the photoelectric effect)
In 1905 Albert Einstein (1879-1953) used Planck’s quantum theory to explain the
photoelectric effect. Experiments had shown that light shining on a clean metal surface

causes the surface to emit electron.

a. S (i) SATE Y JE R T AR S Th DUR 8 s R 1 R EOE IR Y, B e

RIS H T
(i) ZE A< 2R T A T I L B2 AR v o KT v (vo e I [ A7 A3 B
LA

(iii) E 5=mv¥2 (GFHHETIshEe) , BT

(iv) 3800 ) B R BRSNS AR, RS I AR B R (R
ANIE I EL T 1 B RE

B, CsHvo=4.5x10*s" (A=6700A) , Ptvo=1.5x10"s"1 (1=2000A)
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b. Einstein’s explain:
A E=hv 5SFEBEKAREHE E=m? BRE—K, RBLETHHEN
m=hvict, FibAXTHIZIEN p=mc=(hv/c?)-c=hvic=h/A.
p=hil—NEEEEG AN, BRGHEINTE (D MR (p) B
RIE—# . MG AHRER, R A BE & S E A B & 7 1E
.wV=mW+%mw<m:@%ﬁ%>w TR, ve TR

(3) & Ji ¥ 6 i (the spectrum of hydrogen atom that had puzzled scientists in the

nineteenth century)

]. Slits

Blue- Blue-
Violet violet green Red

Gas discharge

tube containing o o - o~ .
hydrogen S E = E g € ©E
=t < < ©

Fig 7.4 The blue light given off when a tube filled with H> gas charge can be separated
into four narrow bands of light when it is passed through a prism.

P M) SN RS P RS 0 L I —

RIRSEION, AR —RIIRA o

— EARE TG LR gl
. (&K% emission 15
(l){”&q& absorption

28 J61E  line spectrum i
(ii (atomic spectrum) ; \
6% band spectrum i
(molecular spectrum)
b. SR TGS LR T RIS L, Fe
JAT i & JLT 5%
c. FOLHERRMKR (K75 -

~ v 1 1 1
VIEE) =—=R(—-—)

A n, n, Fig 7.5 The Lyman, Balmer, Paschen, Brackett,
Hh =+ 1y m+2, m+3, oo and Pfund series result from electrons

falling from high- bits into th
R: Rydberg’s constant , R 4. = 109677.58 cm™ atiing ToMm gh-ehergy orbits fite the

ny=1: Lyman series (1916) Ultraviolet
n1 =2: Balmer series (1885) Visible
n1 =3: Paschen series (1908) Infrared

n=1,n=2,n=3,n=4,andn=>5,

orbits, respectively.
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—. Bohr’s Model:
After Rutherford’s discovery of the nuclear nature of the atom, scientists thought of the

atom as a “microscopic solar system” in which electrons orbited the nucleus. In explaining
the line spectrum of hydrogen, Bohr started with this idea, assuming that electrons move in
circular orbits around the nucleus. According to classical physics, however, an electrically
charged particle (such as an electron) that moves in a circular path should continuously lose
energy by emitting electromagnetic radiation. As the electron loses energy, it should spiral
into the nucleus. Bohr approached this problem in much the same way that Planck had
approached the problem of the nature of the radiation emitted by hot objects: He assumed
that the prevailing laws of physics were inadequate to describe atoms. Furthermore, he
adopted Planck’s idea that energies are quantized.

1. Bohr’s hypothesis: 1913 43¢ /R 7EH B v 8118, 92 B D 1 2 Y A= 8 A R 1
BB B b AR T a0 R
e —: AT RH NIRRT ZS —NEE R T ETEIE 208 rigsii

L PIT AL s
2 va
i Coulomb’s law AJ I f =— (AFRRWID , F,, =—
dme,r . r
my’ e’ e’
¢y — = 3 9 EI] V2 = @
r Aner 4me mr

I8 = FEARFTA B AE B T B VE, R TROBUE AR () %5
T W2afERH, A AT B,

nh nh . . ) n’h’
myr=— , Bly= , WL PR v = — @
2z 2rmr dr"m’r

2 272 272

. e nh , nhe

EE@; @'f%l" = ) ’ ﬁg{%’ r= 20
dmegmr  4rxm’r Tme

8 h=6.63x10734]'s, m.=9.1x103"kg, & =8.85x1072C>m ' LA L, 15
r=0.53-n%(A)=0.053-n2 (nm)

= mTHIEANERRSE], £ K RrREHE LR BT EA B R E &

SEM, XL B AL, XL EPE E, B REARR AR R AN

tHREE
e’ 1 &’
Ey=E,+E,=———+—mv’  HDV= VN
U dme,;r 2 4me,mr
‘ 1 2 < Ahz
L. A VN
- dreyr 2 Anegr 8re,r Tme
4 1 1 1
== 136x— (V) =—Q2.18x10 "% — (J)
880h n n n

BN B AN SRR HUE [ 55— A SRV R HUE R, T (o 19
AE BTN PUE 2 18] [ RE R 2 .
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AE<E —E = me" (1 1)_ me" (1 1)
r 8ech’ n; n” 8elh’ n' nl
he  me* 1 1 1 me* 1 1 me'
AE =hy =—"-= 2 2(_2__2) T o 2.3 (_2__2)’ LR= 2,3
A 8Bgsh” n  n A 8g h'c n;  n] 8e,h'c

R4 =109737 cm™, 1 R4 =109677.58cm™, (Rx—R )/ Ry=5x10"
Nt BT AR HDGHE ¢ A BEE v B ? By B B ERIE T 202 UG
BB, BT DL 6T o 1A Tl v
3. BRI LTI T
(W) FIH m. e eov by ¢ S5EEUE, THE RN R 5 9C50E A ks
Q) HHEHESRMEE T n=1HPUEFE (r=0.5298) 5925677 NS E R 7 IH 3L
A2 (r=0.53A) dEE IR THEHCSREE 7S (ground state) [IREEY (R
AETE—ABRTRT n=1NETHE LTEARRE) Ei=-13.6eV; RS
(excited state) ZJRFIIAEEN Ei=-13.6/ n’ (eV);
(3) BRI BE S T HU B B — N TR E S T, Wl: He'. LiY', B S5 H
Fr ri=053n"/Z(A), Ei=-13.62%/n (V)

e -Ze* 1 2 Ze? mv? /A
FIRAKXATLAH E = +—mv°, = , mvr=n— F =0
dregr 2 47[50r2 r 27
AT

(4) LEBZ I RE T SR T 2
a. A TICAAESE, b R TOCERIMANE, o /0 TETEIME.
4. BTBURIIBEN T a0 R0 A RS, 52 R TE SR AR S0 R
HAVYEAE T, BT AR BIARAFAE T 1 — L8 R PR A«
(1) AREMIRE 2 BT J5 1 IR 26,
() MREMEREEIR TOLTE IR AE M, R LRI A Sl L m] DL R LR 2R

§7-3 BHSETFHEHRA
The Moving Stations of Electrons outer the Atomic Nucleus

—.\ WK FRER =& M (The Wave-like and Particle-like Character of
Micro Particles)

1. e — %

me: E  hv h
p:mc: =—_——= —=
c c ¢ A

p N TR (particle property) , Ao T a0 (wave property) , {HEIE
G U B VR Rk - Gt — Hb s B HE SR I ER S 2 R LB )2
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SERERR, E T M www.kaoyancas.net BERBHE BTN, Ly TR RS i



http://www.kaoyancas.net
www.kaoyancas.net

EZEMENES . &%, FKEIL. #HSYLEE, Vi www.kaoyancas.net

2. HLTFHIBR — % (The wave and particle properties of the electron)

1924 % Louis de Broglie (1892-1987) who worked on his Ph.D. thesis in physics at
the Sorbonne in Paris.

RGN R AR R K, KIESEH T A SR — % . He suggested
that the electron in circular path above the nucleus to propose that the characteristic
wavelength of the electron or of any other particle depends on its mass, m, and velocity, v:
(1)A=h/mv, C(h: Planck’s constant)

Sample exercise: What is the characteristic wavelength of a electron with a velocity of 5.97x 106
m-s™' ? (The mass of an electron is 9.11x10728 g)

Solution: The value of Plank’s constant, / , is 6.63x10734J-s and recall that 1J = 1kg-m?-s™2

h  6.63x107(J-s)x(10°g/1kg) y lkg-m*-s”

mv  (9.11x10g)(5.97x10°m-s™") 1J

= 0.122nm

This characteristic wavelength is about the same as that X-ray.
(2) Experiment
1927 FEEE WAL EL2EZK 1. Davisson Al L. H. Germer #H47 1 HLFH7 8¢ 524, H
LN AE & A HEL A2 AR R _EHIAT S s GIE W] T de Broglie FITIE o HL 3~ 1E FLI% N
T
n’ n’

2 = ’
mmy 2meV

1
eV:Emvz, A=hlmv , LA =R mtY =

A=~h12meV =~150/V (A)

TR REAFERE B ? 1.9 g T3, v=32x10*cms™!, 1A= 1.1x102 (A);
140 g 228k, v=2.5x10°cm-s™!, 5L =1.9x102(A),
BARRAFEF T, A RWEBZME, MAE 1927 ELART, W 7011 R
HRNE ZARABA BB X ME, HEHASEWEE T FreBo — R 2 il
WKL 58 — b B35 (18 Bl A
Z. I#EREIE (The Uncertainty Principle)

FEA e, — AN ERR RS, AL E A AR RN I E ), prbl i )y oy
FRTR R R RSB HE (B0 RIFHARMERE . A 2K, W LI E B sh W iRfE
RN ZIG B RPGE, s, TRAT BRI IE . IBA SR T4 T sh e
M EA RS XE? ZRERLTER. BRE TGS, HENERERK T
(18 Bl A2 ToE HERR I E 1 .

1 5 ) 2% 58 Wemer Heisenberg ( 1901-1976 ) 7E Bohr 4t {F 18 4 f5 ( Postdoctoral
assistantship) , $&H 173 A KA EEE . =+ B IERZE K ZE BB R 34, 32
% 53 1932 4F Nobel J3 2%,

The German physicist, Werner Heisenberg, concluded that the dual nature of matter places a
fundamental limitation on how precisely we can know both the location and the momentum of
any object. When applied to the electrons in an atom, Heisenberg’s principle states that is
inherently impossible for us to know simultaneously both the exact momentum of the electron and
its exact location in space.

“The more accurately one is known, the less accurately the other is known.”
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1.
2.

3.

CEAT BB T SR GE, e AL E MR E R R. 7

[ P 4 A 1 00 5 TORRE 1 ) Bl B AL B AN T BE I

ffRE: MEREELAA TR, AL Ot AFAiH g 7 RIB0E, it HAL
B, WDeT 5y ARaE, A RERER TR E. BTt AR,
Lt T ERTHEEN, —iashiEs SRy, TRMNER TR ER, AnTk
GBS TR T IIAN R, B DA A I A 0 A A R T AL E AN SRR AN AT BE
Heisenberg’s uncertainty principle can be expressed mathematically as Ax -Ap>h /2w, where
Ax and Ap denote the uncertainty in position and momentum, respectively.

ARAE 6T B — R B, FAT T 7 A B R AR, AT RE EE BT DG B B
e, AR FIE R BENIRE Ax= +4, T 58 FHaEEN, St —iash
mEGHTENSSEERWREEN Ap, Hp=ni, 8 Ap=h/£1=h/Ax
S ApAx~h, RfFAx . Ap &R 1%, RIFERGE x A1 p, IBAPIATCT5 /MR
RN Zi@ %, mANMZER T —DNES . N EIFAAAp -Ax=00, HI
0/(1/00) = 0/0 B, FIRES M T —/ N HL.

1B H T I BE RS RE WS TUHE, A Ax = £1x107 cm , T
Ap=hit Ay = 383<10 XlO”M _ 16.63x107, Av=2P_ —i6‘63><12 i

+1x10° m 9%x10"
A RZE KRB P AOGE R, FESRBRmT I s 7 B IE R 0 TR A,

=+73x10'm-s™

— WS 50g TR 300 KD, #ERAE] 0.01%, WAx=h/Ap=h/(mAv)=4.42x107!

(m).

Rz L B AT R L BIR R, PUNR T BEARAE 107 P eme BT EAX TR

Yok, e R BEASEYE R, X780 U B MR (f A BNl B AT DA RN AR I E

4.
5.

AN S B OUURL 5 AN B E IS R A

BT — AR BRI 22 e T R T i hig s i F I Re &, X TS
M, BrirEaMeEL R r i & HHE,

WA T AR ZI A B ISEE, (HKER T (BB — 1 HTERE
ZUMAE I SR, B IR LE D A — & B Fr O T ROk (132 3)
B, ANREREMITEITHE KA e Mg sh Pk, ReeR gt sk fiis
TAE S AZ A B I L%

BT METFHE FH R (Quantum Mechanics and Atomic

Orbitals——Wave function)

In 1926, the Austrian physicist Erwin Schrodinger (1887-1961) proposed an equation,
now known as Schrdodinger’s wave equation, that incorporates both the wavelike and
particle-like behavior of the electron. His work opened a new way of dealing with

subatomic particles known as quantum mechanics or wave mechanics.

. IRYEETFIOBORL. %, 1926 4F Schrodinger (ZRFE 1933 4Ei# DU/RW)FL 432§

TR TSN T RiE B 5 8 REE TIE. JFOIE T RE T /KT TR I

. iy N A N 8 2
ER—ANE R R R, KRy Vi o+ ’;’"(E—V)svzo

2

o° o° 0’
: + + o
ox® oyt oz’

oK
am>
(aYay
tim
N
i
funiiy
(aYay
<

L E: &

\
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KT TS RIS WK AR, e — DB RNECE R, A2 TGS
BRI, EALIRI . KL HIRFE T ) g M 2 5], RN SR 1
JiFE, T TR

2. PER%EL (Wave function) (¥)
(1) WERE (PR E X

a. EAR—NEANEE, 22— MR HCE R

b. EREE W R, BT DA R R BRI SO A S S S IR BRI
YR

c. WREIERIAZ AN T IBBRASHS, A A2«
() L. () Bl (i) AR @)L (v) i — 1k %

d. % BRI 2 [R) TR a2
Y(x, y, zo HFNETEIIRERE CEESBERED , Yo, » z) O EETE

PR CE SRR D -
(2) PR B (PR BT R85 AU R 4L
a. Y(x, y, 2~ N=ERBEREL, = 4RSI H B
R T BB KN T = 4 ) Ty
R, RATEY (e, y, 2)BEAT AR AR e "
Y, ¥ 2)—mmm—> P 0, 9) i =
LA AR R BRAABR 2 5 4
z=rcosf, y=rsinbsing, x=rsinfeosp
HXTY@r, 0, @) HTHEEE: Fig 7.6 The relationship of spherical coordinates

(r, 0, p) to Cartesian coordinates (x, y, z)

Y(r, 0, 9)>R(1) Y (O, ¢)
R (WA R BRI 040 (RPFFREEAE » BN 04D (B 7.72)
Y (0, o) NUEREI A AT (BRBEG, o BB aAm) (Bl 7.8) ;

b. PHIEM, FrUlEEE0A E;

c. VREREU) 7 [B] IR B il E AZ A1 25 [R1 4 21 FL 7~ X AT RE R 1) X 43, T DI R B30
J7FHUIE (atomic orbitals) B R -FHLEK .
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(@) (b)
Fig 7.7 Plots for the hydrogen-like wave functions of (a) the ~ Fig 7.8 The angular distribution wave
radial function R(r) versus r, the distance from the functions of s, p and d orbitals.

nucleus, and (b) the probability distribution function
4m2[R(r)]? versus r the distance from the nucleus.

(3) E FH € 15 J7 R SR At e R By, #AN — RAVBECA G, XERE N n, [vomy, W
WREH ny Iv omy, REE: Yaim, 5 05 0)=Rui (1) Yim, (05 @)o MIX=A
BTHNRATETH (1, ARTH (O MEETHE (n) .

The Bohr model introduced a single quantum number, #, to describe an orbit. The
quantum-mechanical model used three quantum numbers, n. m-+ [, to describe an orbital.
B HBUR R E TR B RSB, IR AN NIERGE, T Bohr &
THRBUEM -
a. FE T4 (the principal quantum number) ()
(i) & SONRR B TAE T [z 3 i o5 A A R
(i) n {EHBOK, RUIHTREHE EREHZ MREEBOR, MRFETREZN-TE

N N
(iii) BUE: n ATHU 1. 24 3. 4eeeees
(iv) fi5 OLRIHES) -
n 1 2 3 4 I R
5 K L M N O | e

b. A& FH (the second quantum number) (/)
(1) This quantum number defines the shape of the orbital
(i) B 7 SR TAh, AEATR RIS R T R RE R T o A0 1R, BIX TR
T Ews) = Eop) = Ena) = Eany MHEJET 2 Ens < Emp) < End) < Epo
(i) 75

L ¢ [ o | v [ 2 | 3 [ 4 | -
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L #s [ 0s [ p [ a4 | £ [ g [ e

(iv) BN EE A DA B4R
BUE: [: 0. 1. 20 3. weeeee v (=1, e M EE

c. WisE 1% (the magnetic quantum number) (m;)

(1) This quantum number describes the oriented of the orbital in space.
(i) BUBE: m=0. £1. £2, #3, cooeee v EL FEELQR T+ DANEE
(i) JEFHUER A E A (E 7.8

3. JLFREE | P2 | (probability density) F1H,FZ (electron cloud)

(1) BRI AEXE 7| | 2 o) AT BB LG PN RS, WY 2= -9, '
TR TAERZINE — LR L.

Q) EERIFR(r 0, oML —MEARTT deh, B I LR Y | 2dr. N 245
HLEM LR E RN DIAFRKMS, fi#H L NN, FERENN
AR

Q)BT m WPEZIITE BB RER, oTEEF AR TS,
By 2d B ERER . B RRE AT NS R N — M 2Rk, Bf
) w2 JLREE) FRABTREE.

4) BT =MD A A
a. Y20, o)FEMAIELG, o)ZAHETE, XMIETE X R8N 77823 (B AN [F) ) 5

Pt BLEYJLER RN, A RER S i 7 I LR S AT R &R

b HLT A AT R SR TE AR R AT R X -

() AT NIEE BT+, - 290, Ja&Ef+ -2
(ii) B SR TARARL, (E T B — i

(&) mrz=mEmnsMmE (K77, b)

a. WAREH T il oy I REA AR AR Rk T, WA r, R dr
(1) 3 2R 76 I AR RN drdr,  HL T AEAZCBR 50 P H B0 IR L 38 RAR ) 43 AT iR L
A RX(r) 15 F[R(r) 2P R A2 1] 5

b. LA 4z RA(r)R r A BT LA 2 H T 5 AR 1A 0 AT 1

. AmPRAr)MBUEBR, FoRBFLERAR r JEEEN dr ERGEH L) T LB OR .

d. EE: ZMEER R BT I LR RN S ERZITIE KR &R . ARERIH
I LR S5 AR &R

LEJR 71 1s B3 2= AR 1) 20 A A, I&ﬁ_% r RO, — 7 RY ()%
B>, 5 —T7 T 4m?dr BEK, FTLLY = 0.53AR), 4r?R2(r)dr BB T 5K
fBLo IXBIAA U B HEL T R AE— € tHBLAE LA Bohr 242 A2 1 [J L HLIE _EANTT,
FURAE AL ERFE, I LR HRT .

e. JRTAZSN T AR IBE 2 A NENSNEZ Iy B2, BT RNy
A1 RN A B2 53 A R S 7 PN, eI BE e B R HY
T=HIEAR,

B mi AR EERTER R, i AmE, XEAMEN.

§7-4 ZHFREFEMPABR

The Structure in Many-Electron Atoms and Periodic System
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FATAES7-3 iR B[ Schrodinger’s wave equation B8RS K i &R 1 A% 41 T T RE
BMETHIERE. T 20 7R TR RA R B E B T IR R g, R e 7%
KitHZ 7R T REH .

— ZHRTFIRERFHIRES
1. F.0FAEAL: In a many-electron atom, each electron is simultaneously attracted to the
nucleus and repelled by the other electrons.

(1) A A TSR FERREE T —%ER: 0 E=-13.622/n? (eV) fil
r=0.053n2/Z (am)%&, Z NETRFE, MHATZHRT7TET, O 2H TR
SN NE e AR

() PR 2B TR T PR EE A TS R RSO A RO FRLAR R
31, A2 TR ) R TR R

(3) HABUIZ Hfi (effective nuclear charge) (Z* )&% Hfr$(2), W £ H i Frh
BiINHETHESRE: E=-13.62% /nXeV), WRRIEFHH AR (2% W2

2. BEMAUN. (Screening effect)
(1) B F B L AN R F T RO HE R AR IR S5 A% i s (RIS R, BRI BRI
(2) BEmH B o T (Slater’s rule)
a. JRTFHREBETETNELT: (1s), 2s, 2p), (3s, 3p), (3d), (4s, 4p),
(4d), (49, (5s, 5p), TANEFES B —NHUEL;
b. —MIEASNE R PUEH BRI N POEA B TR R B o=0, E)
B WA IR AEAE N E B XS AN R T B R 2 i 52 (8], AR TR A T
A BRI
c. F—HUEHNETRBFI AL c=0.35, IsHuE LM 2 T2 o=0.30;
d. BEBFMCE T ns B np UEA BRI HB IS, FETECON (-1) MEBUEH K
BT ns B np BUIEZH B HIHE T HIBF kR Blo=0.85, /M1 -1) B&EHEL
R, X SRk Hlo=1.00;
e. BEBFMHE TN nd B nf UIE L BRI, AL TE A2 S BUE A B R
nd 5 nf PUEAL BT 1 BE#CE o= 1.00.
Sample Exercise: TFHEZETHD 1s, @ 258 2p, @ 358 3p, @3d, ® 4s L—AHTF
[ )¢ i K o I ANE RO LT 4L Zio
Solution: *fF 1s E—AHF: 0=1x0.30=0.30, Z*=26-0.30=25.7
T 2s B 2p E—ANHL T o=7x0.35+2x0.85=4.15, Z*=26-4.15=21.85
T 3s 8 3p E— LT o= 7x0.35 + 8x0.85 + 2x1.00 = 11.25,
7*=7—-0=26-1125=14.75
X 3d E—=AHT: 0=5x035+18x1.00=19.75, Z*=26—19.75=6.25
St 4s E—AHF: o=1x0.35+ 14x0.85 + 10x1.00 = 22.25,
Z*=26-22.25=35
RIGHRN Ei=-13.62% /n* (eV), AILATHE 2 BT 7 S B Ll = .
Sample Exercise: THHEHUEFH—4> 3s BB H—> 3d LT HIREE
Solution: 2;Sc IAZ AT HEAG: 1s22s?2p®3s23p03d'4s?
T 3s E—AHF o = 7x0.35 + 8x0.85 + 2x1.00 = 11.25
XF 3d LN T o = 18x1.00 = 18.00

21-11.25)° 21-18)°
.'.E3S:—13.6><#=—143.76V Eyy =-13.6x" 328) = —13.6eV
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3. %5iZE %8 (Penetrating effect) [
() EEZHETFE T, afHFER, GEX, HFRREEE.
() ke K 7.9 HE ) 4s BT B R TR A /)

W, SEIE TGRS, & T R, ‘ J
SRR G| S, How e B N, 8 1 4s
FITEA Eey < Epy < Enay < Epo
G) M TAETEAR, BTERZIITRILEA , , e
N Fig 7.9 Radial probability distributions for
[e], DA g AN R USRS Bk HL Y [ B the 3d and 4s orbitals. Note that the

N o 4s orbital allows more electron
penetration close to the nucleus.

Most probable distances

Radial probability

Distance from the nucleus

4. ZH TR THUIENITLIBES E(The figure of energies of many-electron atoms)
(1) Pauling )5 FHLiEREHE (& 7.10)
a. BEEAHSFME THUE, FONSEHUE;
() MEJRTRUL: n AHEW R FEHEEE I, Ens) = Enp) = End = Eans
(i) X ZHTIR TR o CHFEEETHPIERF IR, B p PUB==HRJF, d
S fE IR, CPUEGE I
b. BeRAHITKI N —H, 7 NEFAREHRA.
(2) Cotton R F#LiERE A (& 7.11)
JeESLIG A R AR 1 A FRAIE Y . BEAE SR T PPN, R A R X
ML B G 3R, BT ABLIE RE R AR PR (K. A Cotton REZ I (18] 7.11) WTLLE Hi:
a. s\ pHUERREE)LF-FATHIIZAC, d. fHIERRERE — IR L ARR, HEEE
JET PR N, SRR R
b. ARFTAICHEN 3d PLiEREE A= T 4s:
Z=1-14, Ex>FEzs; Z=15-20, E3za>Es; M ZZ21 0, E3g<Ess
AR RS T I TR TN, A RS 4s UE BRI, MRS
K2s 3dHUE FET, T Pauling JR T $UIE BE LR B2 TCVEEREI .

AT X e
e L .
BE RN 'z \
n=s N~
N
§>§§§§§\
= —
\J TR i
s §§§§§>m
&\ 5d
U _—
|~
n=2 ™~
\\ \Qéﬁﬁ
i\ e
N
G I~
R
1 llO 20 3‘0 4‘0 50 éﬂ 70 3‘0 9‘0 100
z
Fig 7.10 The relative energies of the orbitals in a many-electron Fig 7.11 The relative energies of the
atom. Note the change in the order of energies of the 3d atomic orbitals as a function
orbital after Z = 20. of atomic number.
—. EF#ZIMETHRIHEA (Electron Configurations in Atoms)

109
SEHERR, 1BV www.kaoyancas.net BEKEISEEA M, Lk TFHEIR. RS



http://www.kaoyancas.net
www.kaoyancas.net

EZEMENES. Z%. 2KEL. MR, ViH: www.kaoyancas.net

1. PR HEIE (Electron spin)

At the beginning of this chapter we stated that one of our goals was to determine the
electronic structures of atoms. We have now seen that we can use orbitals to describe many-
electron atoms. What, however, determines the orbitals in which electrons reside? That is,
how do the electrons of a many-electron atom populate the available orbitals? To answer
this question, we must consider an additional property of the electron.

When scientists studied the line spectra of many-electron atoms in great detail, they
noticed a very puzzling feature: Lines that were originally thought to be single were actually
closely spaced pairs. This meant in essence, that there were twice as many energy level’s as
there were “supposed” to be.

In 1925 the Dutch physicists George Uhlenbeck and Samuel
Goudsmit proposed a solution to this dilemma.

(1) TR EEE T2 Celectron spin quantum number) (1)

a. AT B RIS IRFIL;

b. WUE, +1/2 8-1/2, FoxT . B IER 5.
(2) Z & THUA & Schrodinger’s wave equation fifE ISR 45 8L
&) SR AZ I LT IS FPR A 2 2 U A~ By 4L Fig 7.12 The spin quantum number is

ny I mis Fl mgo used to differentiate between

2. HTHEA M (The principle of electron configurations) the two electrons that can
(1) #EFIAAHZ R (the Pauli exclusion principle) occupy an orbital.
In 1925 the Austrian-born physicist W.Pauli (1900-1958) discovered the principle

that governs the arrangements of electrons in many-electron atoms.

The Pauli exclusion principle states that no two electrons in an atom can have the
same set of four quantum numbers #n, [, mi, and ms. In other words, an orbital can hold a
maximum of two electrons, and they must have opposite spins.

(2) BERFFLN (Hund’s rule)

Hund’s rule states that for degenerate orbitals, the lowest energy is attained when
the number of electrons with the same spin is maximized. This means that electrons will
occupy orbitals singly to the maximum extent possible, with their spins parallel. Hund’s
rule is based in part on the fact that electrons repel one another. By occupying different
orbitals, the electrons remain as far as possible from one another thus minimizing
electron-electron repulsions.

(3) AEE AR B 7 rh Ao B A R E RIS S E.
@) FMPUEAER TERW . PR, 2TRET, BmTamBontEaE, X EE
BN 4. 0. Cu  [Ar] 3d'%4s!, Cr [Ar] 3d%s!.
3. A A WK
ROk SHIrAEREFPE, FREFHIE B EBTE W0 0K 15282p03s23pt4s!
BRIE: URTSE] + i1 [Ar)ds!
4. BIAMEHL:
(1) B5FJEWI: Nb (Niobium)  AJ2[Kr]4d35s?, Tiisd 4d45s!
Ru (Ruthenium) 72 [Krj4ds5s?, /2 4d75s!
Rh (Rhodium)  AZ&[Kr]4d’5s?, 172 4d35s!
Pd (Palladium)  AJ&[Kr]4d®5s?, A& 4d'05s°
(2) Z75FEA: Pt (Platinum) #&[Xe]4f 45d%6s!
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EWMARTE T RA La. Ce. GdA 5d', HEMITTEREN 4. La [Xe]5d'6s2,
Ce [Xe]4f'5d'6s?, Gd [Xe]4f75d!6s>
=. BFHf 5t EFHIK (Electron Configurations and the Periodic Table)
1. & MK 2 H e A RIA [F R ROE K, BeZ A% = A TR R 5 )\ |
JUR K & AN TR B KA. Bnss )\JE . 8s25g'86£147d198pS.
MASERR TP =2 (12 +22+22+ 32+ 32+ 42+ 42+ 52+ 52 +-++), JEFFH)
BIA: 2. 104 18, 36+ 54. 86, 118, 168, 218. i =ANEXICRHFRER IR FET
SR, AR R AR, HMELLE R .
2. BTFASHRAMERFZXH KR
(1) s X(s-block): [ #H AR T ] + ns! —----- IA
(W SRR TIE] + ns? —mm- 1A
(2) p X(p-block): [FASAETHA] + ns’np'° 1A VIIIA (%)
(3) d IX(d-block): (n — 1)d*ns' 2
a. x+s LB TFH =3—7, N HIB— VIIB
b. x+s FRHEFH=8. 9. 10, & VIIB
(4) ds [X(ds-block): (n — 1)d'%ns!-—m-mmmmeemeee- IB
[/ 1 T L7 S ——— 1B
(5) f X (f-block): (n —2)f*M(n — 1)d*2ns?, 4f—HIRITTEK, ST—HIRITTH.
R RITTER T, RAMW [Xe]5d6s?, fii [Xe]4f'5d'6s?, 4L [Xel4f’5d'6s?, 44
[Xelafl45d'6s?, HE#BZ[Xeldf5do6s?; fEHIRILEY, A% [Rn]6ed*7s?, HE
# Ay d0Bk d's
3. JLERMMER 3 B R T T RS WA RSN PR E 1, Jn R 1R AR
AR 5 1R HL 2 5 4 S B AR A P e Bk
Sample Exercise: Write the electron configuration for the element bismuth, atomic number 83.
Solution: [Xe] 4'45d'%6s%6p?

Practice Exercise: Use the periodic table to write the electron configuration, for the following

atoms by giving the appropriate noble-gas inner core plus the electrons beyond it: (a) Co (atomic
number 27) , (b) Te (atomic number 52)
Answer: (a) [Ar]3d74s? , (b) [Ar]4d!°5s?5p*

§7-5 JTEEAME AR

The Periodic Properties of the Elements

—. JEF¥%4 (Atomic Radius)

A number of physical properties, such as density, melting point and boiling point are related
to the sizes of atoms, but atomic size is difficult to define. As we saw the electron density in an
atom extends far beyond the nucleus. In practice, we normally think of atomic size as the volume
containing about 90 percent of the total electron density around the nucleus.

FERORYE, R TR SURAEIE R, T HE s AR AT AR 20dE H IR T2 A 2
ANHTHERT -

1. 3412 (Covalent radius)
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[P G R BP0 SRR (W Hay Cl) , EATZEEE B —2F,
FRAFEAN A2
2. &J8°F1%(Metallic radius)
fE& iR, AFEAE R S I RIE B ) —F, FRNSEPR row>r
B 7 o) KT Py (IR 10~15%) &
3. JuffifE}e42 (van der Waals radius)
PR T T B i R &8 7 1 1 B /E FH I A By, AN R 1A%
(PR —2F, FOMTEAELEAE
4. JRFPARAE R BAF G AR A AR
(D) fEEE R A, e B IR e /1N, B SR RIRIE K
Q) fEKAH, F—EAREETEMNLRLG, R PR ag I MEEAR, BT d%F
BRWBMAER, il dimrmime, B (- 1A' PRI A K. f£5
75~ GRS, £7H 14 g R LR R AR A ORI A
(3) AR ds s R S TR R TR B IR R AN, R R R S
FAHEIG NS . WIS, SRR R TR R RSN T 11 pm
Y RULGRIE L Ze, HE; Nb, Ta; Mo, W PRAHIT, fhZMEBAHEL. f# Ru,
Rh, Pd, Os, Ir, PtPEJ BN
(4) AHAB IO R TP AR RN R FE . AR 70 3 (~ 10pm) > i 76 3 (~5pm) > Wit

FEILE(<1pm),
—. HE#& onization Energy)
1. & WARETFHBRE-ASEERRIM R TIFENGRE, HNZTRNE—

B HE. 41: Na(g)—e —> Na'(g)
2. HPHBERIIKLR: [<L<bl
3. 5—HEHE (The first ionization energy) i i
() FFBEILEMN LRI, LARIK K
Q) Fl—RBEMAERL, LIEREE PRRIER, BER, hey<lise) ho<lin,»
RT TN (8713, E7.14) ;
(3) Rl 7T 2 A LS RE AR A IR B2 5 /N HLAS RN X e bt T e AT T3 4 n ) FEL T SN (n—1)d
MIE LN ns H5(n-Dd FUBE R RE B LB, BlouEkd, B IUB 4k, HAbE]Z T
BN LET, SRIEEZEERFE S
(4) &5 LTk, H—HEEENE He, 1=2372kI-mol™!, HAKMIEZ Cs, 1=376kI'mols
Sample Exercise: Referring to periodic table ,arrange the following atoms in order of increasing
first ionization energy: Ne. Na. P. Ar. K
Solution: K<<Na<{P<<Ar<<Ne
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2500

2000

1500

1000

First ionization energy (kJ/mol)

500

L 2 4 6 81012141618
Atomic number
Fig 7.13 The first ionization energies of the Fig 7.14 A plot of the first ionization energies of
main-group elements. the first 18 elements in the periodic table.

TABLE 7.2 Successive Values of lonization Energies, /, for the Elements
Sodium Through Argon (kj/mol)

Element I: Iz I} 1_‘ 15 Iﬁ I';
Na 496

(Inner-shell electrons)

Mg 738 1450 7730

Al 578 1820 2750 11,600

Si 786 1580 3230 16,100

P 1012 1900 2910 4960 6270 22,200

S 1000 2250 3360 4560 7010 8500

Cl 1251 2300 3820 5160 6540 9460 11,000
Ar 1521 2670 3930 5770 7240 8780 12,000

=. BFFAE8E (Electron Affinities)
1. EX: ExRP—NESHAESEFRI— MR TFIERASES ST, B4
MReEAL, HNZTRME—BTRER, HARR. %ABB TR KN
IEMH, WA AH® =-4.
2. A/HIE. 7, WCl(g)+e” —> Cl (), A=-349kI-mol™!, T Ar(g)+e” —> Ar (g),
Ay =35kI-mol™! CIHEHAE) « H A LW IER, RACERANNE TG,
PAFHT, DA REATZ B IHEF 7.
3. LEF BT EARMBLME (LLAAH. =4 KiFIBHFEARRAAN)D
() F—AANEE 24, BEJE TP EEoR, BT oRaae 4 e aR g Rm, Hi
2 ep P R A R E 1P AR B A SR I A AL, TR TR AR
A8/, 4 Be. N. Ne. Ca. Mn. Zn. As. Kr, EAIKE — B TEEMEH T
AN o IR T AR A A R TR BRI — A TR AR S

() FA—FHEMN ERIF, —BORUHETIEERE A 2D, X0 LRI A ERAERE,
{HAR RN, A AR/, Bl Aye = —322kJ-mol™, Ay = —348.7kJ-mol ™!,
il — B oraRem KMnR 2 Cl (B 715, K 7.16)

Q) F—aEEICEMN LRI, BFEa R AR ER .

AnHn® = -4
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400

He F
i 300
Ne =
o
. €
A, 2200
=)
g
Kr & C 0
48.9 * | 30 120 78 197.0 | 327.9 2 g 100 H L
Rb Sr ‘ in Sn Sb Te 1 Xe = \
47.4 * 29 122 102 | 1921 | 2984 | = 5 / B
cs | Ba 7 Ies | B [P0 | A Ro | \/ \/ N
460 | * 30 110 110 190 270 * e ¥Be
-100
Fr Ra 1. 2 3 6 7 8 9 10
445 Atomic number
Fig 7.15 The electron affinities of the Fig 7.16 There are a number of exceptions to the general
main-group elements trend toward larger electron affinities as we go

across a row of the periodic table.

. Bt (Electronegativity)

1. 3 3 : Electronegativity is defined as the ability of an atom in a molecule to attract
electrons to itself. The greater an atom’s electronegativity, the greater its ability to attract
electrons to itself. AL 17 14 /& J0 3 B i 1 E 4> F IR G LI BE /). 1932 4 Pauling 1
JedRth 7R AR .

2. Pauling HL 97 VE P45 B
(1) BARTE 1932 4RI Tﬁ/\fxﬂﬁ%i A BWR T Z A B RE Ea sy KT Al

FHEERE Eaa) M Eg gl FI8ME . IXANZENA, B

Eo+Eg. .
AZE(A*B)_W i A=En_p— ,E(A—A)'E(B—B) ,

“#o R ZH A S A B IEIX — A K.
Q) |xa—xe|=VA7/96.5 (ABUKI - mol™), ABURFIEAL, |ya—ye | AARKIER.
Q) FA AR, BT —TRXSEMmEAER TR (NAMBEE TR m =
2.1) AR B4 & I FT R e 1T R B LA .
Pauling Fg 67 VA B it F 20 10 B g 10 200 K B 6k e b 22 50000
3. HACHR (Mulliker) HLFAVEMIFRE (1934 4F) -

A—»A
(I)A_B%: . >—U>A+B
B _

B——>B

I TR e AN Dap + Ia + As + U (U<0)
#i M AB I LAY AR ALY A BT, W RS BTN Dap + Is + Aa
+U (U<0) o #IXPFE 72547 L [ Re B oTblAe 55, 0.
Dap+Ia+As+ U=Dap+ I+ Ax+ U
SoIan—An=Ig—Ap BEH In+Ax=Iz+ As [FETFHREHEH (- 4a)s (— As)fRAB];

@ a= %<1A+AA), I A BRI eV,

B) v SGxe AR R g =ym/ 3.15
4. Allred-Rochow Hi £ V£ F A5 i
(1) FH a7 B R HL g PR LI 51 ) SR AL 3R Ji - W 5| LT ()
(2) BA Z* /P X AR A EE AR ], 18— B (E N, r BLAYESRAD
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*

x= 0.3592—2 +0.744
r

5. ARSI (ROt RN A Sk fe o)
(1) [ — R SN S04 H B i
(2) F—F R EZIN AR .

Table 7.3 The Allen Electronegativities yspect. The Values of Pauling y;, and of Allred and Rochow

xa&r are listed for comparison.

Atom X spect Xp XA&R
H 2.300 2.20 2.20
Li 0.912 0.98 0.97
Be 1.576 1.57 1.47
B 2.051 2.04 2.01
C 2.544 2.55 2.50
N 3.066 3.04 3.07
(0] 3.610 3.44 3.50
F 4.193 3.98 4.10
Ne 4.787
Na 0.869 0.93 1.01
Mg 1.293 1.31 1.23
Al 1.613 1.61 1.47
Si 1.916 1.90 1.74
P 2.253 2.19 2.06
S 2.589 2.58 2.44
Cl 2.869 3.16 2.83
Ar 3.242
K 0.734 0.82 0.91
Ca 1.034 1.00 1.04
Ga 1.756 1.81 1.82
Ge 1.994 2.01 2.02
As 2.211 2.18 2.20
Se 2.424 2.55 2.48
Br 2.685 2.96 2.74
Kr 2.966
Rb 0.706 0.82 0.89
Sr 0.963 0.95 0.99
In 1.656 1.78 1.49
Sn 1.824 1.96 1.72
Sb 1.984 2.05 1.82
Te 2.158 2.10 2.01

I 2.359 2.66 2.21
Xe 2.582

How the Periodic Table Was Developed

The periodic table is one of the most important concepts in chemistry. s
Its development is an example of how scientific discoveries can come
from using insight to organize data collected by a large number of
people over a period of many years. There are often simultaneous

discoveries in science, because discoveries tend to be made when
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enough of the right kind of data has collected.

Until the middle of the nineteenth century, the separation and identification of elements and the
determination of their relative masses was a primary occupation of chemists. As the number of
known elements grew, scientists observed curious similarities in certain groups of elements. The
German chemist Johann Ddébereiner described triads of elements with similar properties. He
noticed that the relative atomic mass (which in those days was defined as the atomic mass relative
to that of hydrogen*) of the central member of the triad was approximately the mean of the
relative atomic masses of the two other members. For example, the average of the relative atomic
masses of chlorine and iodine used at that time , (33.47 + 126.47)x0.5, was 80.97, close to the
value of the relative atomic mass of bromine (which at the time was known as 78.38). The English
chemist John Newlands responded with his law of octave, in which he organized elements in
groups of eight by their properties. Observations like these suggested an intrinsic organization in
matter, but no one could find the basis for it. The 63 known elements were simply displayed in
long lists.

In 1860, the Congress of Karlsruhe brought together many prominent chemists in an attempt to
come to some agreements on issues such as the existence of atoms, correct relative atomic masses,
and how the elements are related to on another. No agreements were reached, but new
experimental evidence, conclusions, and proposals were presented in an atmosphere of stimulating
debate. Two scientists attending the congress, Lothar Meyer from Germany and Dmitri Mendeleev
from Russia, left with copies of papers and new ideas. They discovered independently in 1869 that
a regular repeating pattern of properties could be observed when the elements were arranged in
order of increasing relative atomic mass. Mendeleev called this observation the periodic law.

Mendeleev, who taught general chemistry and wrote chemistry textbooks, was looking for a
way to help students organize information about the elements. He made up cards with the names
and properties of the elements and arranged them in different ways, looking for relationships
among elements. According to legend, not finding success, he fell asleep discouraged. He then
awoke with a new plan, to arrange the elements in rows by increasing relative atomic mass,
beginning a new row when the cycle of properties repeated itself. This arrangement put elements
with similar properties into columns, forming a table of repeating, or periodic, properties. Meyer
found a similar organization, but it was Mendeleev who realized that the arrangement was the key
to the fundamental organization of matter.

Mendeleev’s chemical insight led him to leave gaps for elements that would be needed to
complete the pattern but were unknown at the time. When they were discovered later, he turned
out to be strikingly correct. For example, his pattern required and element he named eka-silicon
below silicon and between gallium and arsenic. He predicted that the element would have a
relative atomic mass of 72 and properties similar to those of silicon. This prediction spurred the
German chemist Clemens Winkler in 1886 to discover eka-silicon, which he named germanium. It
has a relative atomic mass of 72.6 and properties similar to those of silicon, as shown in the table.

Mendeleev’s predictions for eka-silicon(germanium)

Property Eka-silicon (E) Germanium
molar mass, g/mol 72 72.59
density, g/cm?3 5.5 5.32

116
SERERR, 155 M www.kaoyancas.net BEABIE BRI, Ly TFHER. RS



http://www.kaoyancas.net
www.kaoyancas.net

EZEMENES. Z%. 2KEL. MR, ViH: www.kaoyancas.net

melting point, C high 9.37
appearance dark gray gray-white
oxide EO;;white GeOo;white
solid; amphoteric; Solid; amphoteric;
density 4.7g/cm? density 4.23g/cm
chloride ECly; boils below GeCly; boils at
100°C; density 4.7g/cm? 84°C; density 1.84g/cm?

One problem with Mendeleev’s table was that some elements seemed to be out of place. For
example, when argon was isolated, it did not seem to have the correct mass for its location. Its
relative atomic mass of 40 is the same as calcium’s, but argon is an inert gas and calcium a
reactive metal. Such led anomalies scientists to question the use of relative atomic mass as the
basis for organizing the elements. When Henery Moseley examined x-ray spectra of the elements
in the early twentieth century, he realized that all atoms of the same element had identical nuclear
charge and, therefore, the same atomic number. It was soon discovered that elements fall into the
uniformly repeating pattern of the periodic table if they are organized according to atomic number,
rather than atomic mass.

*Now the relative atomic mass (RAM) is defined relative to the mass of a carbon-12 atom taken

as exactly 12.
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