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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.1. Phwong trinh Schrodinger

Nguyén t& Hydro gobm cé mdt hat nhan . .
mang dién tich +e va mot electron mang
dién tich —e chuyén doéng quanh hat nhan.
Hat nhan duwoc coi la dirng yén tai O, con |:> Thé nang twong tac:
electron quay xung quanh. 5

€
Trong toa doé De-cat vin) = _kT
72
— E A\V(X, Yy, Z) + U(X, Y, Z)\V(Xa Y, Z) — E\V(Xa Y, Z) (4b.1)
D Khéng thé

Phwong phap dé giai phwong trinh nay la tach bién

tach bién
|:> V(X,y,z) = X(x).Y(y).Z(2)| (4b.2) _)

Tuy nhién, ham thé nang |U(x, y,z) = —> / 4ngga /x> +y> +2°
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.1. Phwong trinh Schrodinger

x =r sinf cosd
Trong toa do cau: y = $ind sing :
z=rcosd
2o’y 29 1 9 3 1 82
" 2m [ aj T a]f t 2 sing 96 (51“9%) t sn’e a:;ﬂ
+U ()Y (r,0,¢) = EYr (r,0,¢) i

@ (4b.4)

Tach bién

Y= LFn,(,mg (I', 9, (I)) — Rn,é (r)YE,mg (9, (I)) (40.9)

Ham xuyén tam Ham cau
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.1. Phwong trinh Schrodinger

* Trang thai lwgng t& clia mét hat chuyén dong trong truong thé U(r) dwoc mo
ta b&i 3 s6 lwong tkr n, € va m,.

Trong d6: n dwoc goi la soé luong tir chinh, € 1a sé lwong tir quy dao va m, |14
sé luong tr tir. Cac sb lwong td bi chi phdi béi qui luat sau:

Un=1,2 3,.. ©

d1€=0,1,2,3,...n-1.

Qmy=0,+1,+2,..+8

Q|my<e.

o Ung v&i mbi gia tri n ¢o n gia tri cé thé co cua |.

o Ung v&i mdi gia tri / c6 (2/ + 1) gia tri khac nhau cia m,.
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.1. Phwong trinh Schrodinger

* Ham ban kinh (ham xuyén tam):

2 (12 2 2
h d12{+ng e +€(€+1)2h R(r) = ER(r)
2m\{ dr= 1 dr 4me,r 2mr

* Giai phwong trinh R, ta thu dwgc nang lwong: g Iu;g,nhgélz! lwong
_— _( kezj I 13,6(eV)

ey T | @09

* Ham goc (ham cau ):
1 0
Y(0,¢)sin 6 00

1 o’
Y (0,)sin” 0 6

Y(0,0)=—4(L+]1)

. 0
(sm 0 %jY(G, d) +

11/29/2017
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CHUONG 4B

LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.1. Phwong trinh Schrodinger

ogen Atom Radial Wave Functions

i ¢ Rn(’(r)
—r/ao
: ’ ( 3/2
r/2a,
2 0 Do o
( ao)(?au e
r/ZaU
2 1 )
a’ﬂ \/L_(QG{])S/Z
1 2 r r2 2
3 0 27 — 18— + 2_)e—r/?)czu
(a0)*'? 81V3 ( ay i .
1 4 T
3 1 = 6 —— _e-—r/‘%r:n .
()" 81\/6( ) g
2
3 & . ¢ T e 3
(ag)*® 81V30 a ,
11/29/2017 Ly ole - Thomson
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T

1 15 ;
$—-,,I'—Dsin f cos O ¢=

2N 27
ldﬁsmiﬂe—z‘b

1||' (5::05 # — 3 cos )

21

151); sin (5 cos* 0 — 1) ="

1 (105

B +94
sin® 0 cos @ =2

4N 27

1 (35 s5
F—[— sin®Q =37
8V 7
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.2. Cac so lwong tir va ham séng

Lic nay ham séng dwoc biéu dién b&i:
Co6 01 trang thai

Y= \Pn,é,mg (I’, ea (I)) — Rn,f (r)Yf,mg (ea (I)) ( \
0 Do6i vai trang thaico ban (n=1):/=0vam,=0 == | Yyp0(r, 0, 9)
O Ddi voi trang thai kich thich th nhat (n=2): /=0, 1 va m, =0, +1

=D | yy(r: 6, ¢) Wa1o(ls 0, 0) Wa141(1 6, 9)

\ }
|

Co 04 trang thai

TOM LAI: P'ng v&i 01 gia tri n sé c6 n?2 ham séng, tirc l1a cé n? trang
thai kha di cé thé c6 cua electron trong nguyén tur.

11/29/2017
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’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

* Trang thai caa electron trong nguyén tw: | n ¢

= 0 1 2 3 4

2
=3
@
C
0]
©
Q
*
Q
> o

2s
n=2 D)
2p
Tat ca cac trang thai c6 cung so6 lwong tir chinh tao thanh 1 16p vo.
n=1 Ié6pvoK n=2 IépvoL n=3 Ié6pvoM
n=4 I6pvo N n=5 Iépvd O n=6 I6pvoP

Vi du: &ng v&i n = 5 ¢ bao nhiéu gia tri co thé co6 cha: a) /, b) m, ?

11/29/2017
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’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.3. Mat do xac suat

Xac suat tim thay electron trong yéu té thé tich dV la .

Mmﬁ(req))\ dv=[R,, \YE r? sin 0drdodo| (4p.7)

O
rsingdg

©8

=m0 dV =1 sin 0drd0do

=2, m=1 I=2, m=2

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.4. Mat do xac suat theo ban kinh

Thay vi ta mu,én b[ét hoan toan mat d6 xac suat dén vi tri electron, nhuwng &
day ta chi mudn biét xac suat tim thay electron cach hat nhan mot khoang nao
do la bao nhiéu, bat chap goc 6 va ¢.

P(r)=rR,, (1) (4b.8)

Mat do xac suat theo ban kinh r

11/29/2017
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’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.4. Mat do xac suat theo ban kinh

0.8 0.2 0.12
i=1 n=2
n=1,1=0 7
0.4
_ 1=0
= £ 0.1 o
< £
0.2 1|
10
0 S I E— 0 — | I| —
0 1 2 3 4 5 0 2 4 6 8 10 12
F F F
| Example 7.5 | Example 7.6
Prove that the most likely distance from the origin of an F‘_D? ?he = 2 states (/ =_D and/ =_I ), compare the pr-:_)ha-
bilities of the electron being found inside the Bohr radius.

electron in the n = 2,1 = 1 state 1s 4a,,

X

fx“e_“ dx = _

c

nx"! n(n— 1)x"2 n!

11/29/2017 x | X"+ -+ 5 4o —
c c "
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’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.5. Mat do xac suat phan bo géc

P(@, (1)) — ‘Y | ‘2 (4b.9)

| Example 7.7

For the n= 2,1 =1 wave functions, find the direction

in space at which the maximum probability occurs when
m; = 0 and when m; = £1.

11/29/2017

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.6. MOMEN PONG LUONG QUY PAO

N T
Co hocco dien |[L=rxp
= G
Co hoc lwong ter ‘L‘ = Jei(+n  (1=0,1,2,..)|  (4b.10) N
P
Hinh chiéu cla vector mé men déng lwong L 1&n truc khdng gian:
LZ ngh (mf :O,il,iz,...) (4b11)
a4
Lwong tir héa khong gian
L m,

L i+

Goc phan cywe hgp bdivectorLval, |[cosO= ‘ Z — (4b.12)

11/29/2017
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’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.6. MOMEN DONG LUONG QUY PAO

| Example 7.3 | Example 7.4

Compute the length of the angular momentum vectors that What are the possible z components of the vector L that

represent the orbital motion of an electron in a quantum fepresents the orbital angular momentum of a state with
a . a J— |

state with / = 1 and in another state with / = 2. [ =2

—— — — =42

Space Quantization for Hydrogen

Consider the hydrogen atom in the { = 3 state. Calculate the magnitude nl'i:, the allowed values of I, and the cor-
responding angles # that L makes with the z axis.

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.7. MOMEN TU

q 2 _ 4 9 |y
=1.A = nr’=—r1p=——-o-I|L
= 2nrm/p 2mrp 2m‘
_ Bl £
Ho=——07>L (4b.14)
2m

Cling bi lwong t&r héa khdong gian

Trong d6: Mg = o =9.274.107*J/T ~— -

11/29/2017 2m A Magneton Bohr
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.8. HIEU 'NG ZEEMAN

RRARHHHE IRRARRARH
Thi nghiém: Pit mot ngudn khi Hydro phat N c

sang vao gitra hai cyc cua mot nam cham dién, S N
nam cham dién tao ra mot tu truong manh. Khi
quan sat cac buc xa phat ra theo phuong vudng
goc v6i tir truong thi thdy mdi vach quang phd
cua nguyén tir hydro tach thanh 3 vach sit nhau.
Hiéu wng Zeeman la hién twong tach mot L.
vach quang phé trong nguyén tir thanh nhiéu
vach sit nhau khi nguyén tw phat sang dat j 5 ﬁ
trong tir truong. B=0 EZ [

Hinh 2.9 : Hiéu &rng Zeeman

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.8. HIEU 'NG ZEEMAN
Giai thich:
Vi electron c6 momen tur p nén khi nguyén tir Hydro dat trong tur truong
B electron c¢6 thém nang luong phu:

AE = _}]ﬁ (4b.16)

Gia str tr truong nam doc theo phuong z

Ta co:

AE =—pp ,B=myugB (4b.17)

Nhw vay khi nguyén t&r Hydro dat trong tr trwdng, nang lvong E cua
electron sé co thém nang lwong tr trwong tac dung va nang lwong nay
phu thudc vao so lwvong tir m;:

E=E,+AE=E,+m,us;B (4b.18)

11/29/2017

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.8. HIEU 'NG ZEEMAN
Giai thich:

Trong d6 E la nang lwong cua electron khi nguyén t&r Hydro khéng dat trong
twr trwong, do do:

Vi

E,-E; Ey—-Egp 1 (m,, —m,)

h h

B
h Uy

(4b.19)

f_

£ 4 (m,, —m,)
0 h

uyB|  (4b.20)

Theo qui tac loc Iwa ddi véi so lwong tlr tr m,

11/29/2017

Amg ZO,il
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.8. HIEU 'NG ZEEMAN

Giai thich: Field off  Field on
Tan s6 chi ¢6 thé co 3 gid tri | }/ = +1
2p ny=0
=f, —(ugB/h) :\
i f =1 (4b.21) SRk
f=rf,+(@gzB/h) N i bbb

Nghia la mét vach quang phd khi khéng cé tir trvorng dworc tach thanh
ba vach khi co6 tw trwong trong do vach gitra trung véi vach ci.

11/29/2017


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.9. SPIN CUA ELECTRON
1. Thi nghiém Stern-Gerlach

Chiéu chum nguyén tlr Ag vao t&r trwdng
khéng déu B. Quan sat thwc nghiém trén
kinh anh:

Tir truomg khéng déu

Két qua: Trén kinh anh xuat hién sé vach
la chan, bat chap trang thai cua nguyén
tor Ag Hinh 5.10: Thi nghiém Stern — Gerlach.

Kinh anh

o ?

Tréai v&i sd vach mong doi 1a s6 1& (hiéu i'ng Zeeman)

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.9. SPIN CUA ELECTRON
1. Thi nghiém Stern-Gerlach

Giai thich:

Khi nguyén t di vao tir trwedng thi cé sw twong tac gilra mé men tlr cua
nguyén t& voi tr trerdng ngoai ciia nam cham

dU d dB(;
Lyc tac dung: | F. == == (-0, B@) =, = 2

4

Nguyén t&r Iéch hwéng trong tlr tred'ng

(4b.22)

Néu xem electron chi chuyén déng thuan khiét trén qui dao thi &ng voi
mot gia tri /thi co 2/ + 1 gia tri u,,, tec la cod 2/ + 1 gia tri F,

Trong thi nghiém quan sat

Trén man phai xuat hién sb 1é vach e
dwoc so6 chan vach! ?

1172972017
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’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.9. SPIN CUA ELECTRON
1. Thi nghiém Stern-Gerlach

| Example 7.8

[n a Stern-Gerlach type of expenment, the magnetic
field varies with distance in the z direction according
to dB_fdz = 1.4T /mm. The silver atoms travel a distance
x = 3.5cm through the magnet. The most probable speed
of the atoms emerging from the oven 1s v = 750 m/s. Find
the separation of the two beams as they leave the mag-
net. The mass of a silver atom is 1.8 x 10> kg, and its
magnetic moment 1s about 1 Bohr magneton.

Pap s6: d = 0,16mm

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.9. SPIN CUA ELECTRON
2. Spin cua electron

Pé giai thich thi nghié@m, ngudi ta cho rang ngoai chuyén dong trén quy dao
quanh hat nhan, electron con tw quay quanh truc riéng cua nd!

—

—) | SPIN Ki higu: |S foms
fE
Bo I&n cda vector mébmen spin: ‘m&‘: S1=3/4 #
S=4/s(s+1)A (4b.23) |

s: sO lwong tl spin

Hinh chiéu cla vector mémen spin 1&n truc z:

S, =m.h m, = £s la so lwong t ttr riéng

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.9. SPIN CUA ELECTRON

2. Spin cua electron Vi _du: Tim vén toc v cla
. L o o electron néu xem e- la khoi
o Ung voi mot gia tri s, sé co 2s +1 gia tri mg,. cau ban kinh r = 5.10'm
o Do chicé 2 sw dinh hwéng, nén 2s +1 =2 | va quay quanh truc qua tam
cla no. Biet mébmen quan
0 Hays=1/2 tinh | = 2/5 mr?
0 Vay, mg=+1/2 Pap sb:v=5,01.102m/s
. e =
Moémen tw riéng:  [Hy =———3S (4b.24) 11
me EEn

Hinh chiéu ctia mémen tir riéng I&n truc z:

_eh _
Uy, =+_——=+Up (4b.25)

2m,

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.10. NANG LUONG CUA ELECTRON
1. Mébmen ddng lwong toan phan

T=L+S (4b.26)

A D6 Ién vector mdmen dong lwong toan phan

4b27) |J = \/ J( J + 1)h j: s6 lwong t&r toan phan
p+l
2

O Hinh chiéu cla vecto moé men déng lvong toan phan 1én truc z:

j=|tts|= (4b.28)

(4b.29) |Jz=mjAt| m = j+1....j1, +;....s6 lwong tir tir toan phan

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.10. NANG LUONG CUA ELECTRON
Vi du: O trang thai /= 1. Tinh J va J,
Vidu: Tinh LS theoj, /, s

Vi du: Tinh cac giatricothécécia .S ngvéil=1vas=1/2

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.10. NANG LUONG CUA ELECTRON
2. Nang trwong toan phan cia electron trong nguyén tir

Ki hiéu: E,, |; Mirc nang lwong: n 2X;
/=0 1 2 3 4 ...
X=S8S P D F G ......

Vldu n= j=%>1%8,,
0,j=% > 22S,,
1,]=

Yo vaj=3/2 > 22P, , va 22P,,,

H

1,1
=2,/
/

L

11/29/2017
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.10. TRANG THAI VA NANG LUONG CUA ELECTRON
3. Cau tao béi cua vach quang phé
0 Do ¢6 s twong tac gitba SPIN-QUT DAO nén cac mirc nang lwong déu
tach thanh hai vach (trt* mirc S).

O Khi nguyén t& chuyén t&» mirc c6 nang lvong cao vé mirc nang lwong
thap phai tuan theo qui tac loc lwa:

ﬂ.'F = il \"i;'l ﬂiﬂ - [] - T VP
3 e .

Aj=0,+1

11/29/2017
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’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.11. NGUYEN TU’ NHIEU ELECTRON
1. Nguyeén li loai trwe Pauli

Gia str co Z electron trong mot nguyén t&r tap trung trén
nhirng m&c nang lvong

Ul

Z electron c6 khuynh hwong nhay xuéng mc nang
lvong thap nhat, trang thai 1s.

Wolfeang Pouli ( 19001958, Switzer-
land). His exclusion principle gave
the basis for understanding atomic

structure. He also contnbuted to the

| Néu dung nhw vay, thi tinh chat ciia nguyén tl (tinh chat | seveiopment of quantum theory. 1

the theory of nuclear beta decay, and

hda hoc) cua hai nguyén t&r 1an can Z + 1 nhw nhau. o s undecstandting of symotry in

physical laws.

Neon (Z = 10): Khi tro

j‘> Trén thwe té 13 rat khac nhau
11/29/2017 Flo (Z = 9): Phan xng manh
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’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.11. NGUYEN TU NHIEU ELECTRON
1. Nguyeén li loai trwe Pauli
Méi trang thai luong t xac dinh béi 4 sé luong té n, |,

m, m_ chi c6 toi da mét electron.

Hay: Khéng co6 hai electron trong 1 nguyén tw co
cung bé so lwong tern, I, m, m,

Wolfeang Pouli ( 19001958, Switzer-
lamd). t—.li5 .f!ili:Jl.If-iilJl'l |'.Il.‘i.1'!|..':i'|.'IJI: gave
Vi du: He (Z = 2): e thtr nhat & trang thai 1S CO SO e i aies cometad o e
lwong tr n=1,/=0, m; =0, m, = +1/2. Nhw VAy € thlr o imm ot e oo aeeas et
to the understanding of symmetry in

hai c6 cung n, I, m, nhwng mg = -1/2. physical laws.
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.11. NGUYEN TU NHIEU ELECTRON
2. Cau tric cua nguyén tir

Lé&p vé nguyén tir va vé con cua no

Céac e  c6 cling sb lwong tir n - == ¢6 cung khodng cach dén hat nhan

!

Co twong tac cung dién treo'ng, nén co cung nang luvong

{

Tao thanh mét Iop vo nguyén to

N= 1 2 3 4
Lop vé K L M N O ...
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' CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.11. NGUYEN TU’ NHIEU ELECTRON

Nang lvgng cua electron ngoai phu thudéc vao n con phu thubc vao /

Cac electron c6 cung gia tri / tap hop thanh /6p vo con
M®éi I&p vo con chira 2(2/ + 1) electron
S6 electron téi da chra trong mét I&p vd nguyén to Ia:
f=n-1
N= >220+1)=2[1+3+5+..+2(n—-1)+1]

(=0
£ 2fia3+ Sang + 2l |

Hay: N=2xnx%[1+(2n—l)]:2n2
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CHUONG 4B

LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.11. NGUYEN TU’ NHIEU ELECTRON

TRABLE B.1 Filling of Atomic Subshells
] f) Subshell | Capacity
2(ZI+1)
1 0 lx 2
2 0 25 2
2 1 2p L]
3 0 3x 2
3 1 3 L]
- 0 dx .
3 2 Fal L1
- ] 4 il
5 i 5x .
- 2 Al L1
5 1 5p [
6 i iy .
- 3 4y 14
5 2 Sl 10
[ 1 e L]
T 0 T 2
5 3 5F 14
i 2 Bl L1
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Dan dén cau hinh electron cho cac nguyén to.
Th tw cac |&p duwoc sap xép theo thwr tw: 1s, 2s,
2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, ....

7s p
- A
6s op 6d
v - -
Ss S5p Sd 5f
- - - *
4s 4p 4d af
~ - - -
3s 3p 3d
- a -
2s 2p
- A
Is
‘
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’ CHUONG 4B
LY THUYET LUQNG TU CUA NGUYEN TU HYDRO

4B.11. NGUYEN TU NHIEU ELECTRON
3. Bang phan loai tuan hoan cac nguyén to

Alkalis Inert
EASES
1 H ;
1s Alkaline 2 He
earths Halogens
3 Lij4
2 I Ba 2p |5 Bl& c|7 N|8 ] =) F[10 MNe
11 Ma|l2
3x @ Mg 3p |13 AI14 Si15 P16 5|17 CI|18 Ar
Transition metals
19 K|20 i i
4 Ca ad 21 Scl22 Ti|l23 V|24 Cr|25 Mn|26 Fe|27 Co|28 Ni|29 Cu|30 Zn 4p 21 Gal32 Cel33 As|32 sel3s Brl3s Kr
. 37 Rb |38 5r 4d39 ¥| 40 Zr|41 Mb|42 Mo|43 Tc|44 Ru|45 Rh|d4e Pd|47 Ag|48 Cd 5, |49 In[50 sn[s1 sb[s2 Te[s3 154 xe
55 C B
b 5|56 Ba Ed?l Lu| 72 Hf|73 Ta|74 W|(75 Re |76 Os|77 Ir|78 PE|79 Au|80 Hg 6p |81 TI|82 Pb|83 Bilg4 Polgs At|86 Rn
2 87 Fr |88 Ra d 103 Lr{104 Rf|105 Db{106 Sg(107 Bh|108 Hs{109 Mt|110 D=|111 Rg|112 Cn 7p 113 Uutfl 14 Uug{l 15 Uup|1 16 Uuh|1 17 Uus1 18 Uuo

Lanthanides (rare earths)

57 La|58 Ce|59 Pr|60 Nd|6l F'mIE-Z am(63 Eu|64 Gd|65 Th{ob Dy|67 Ho|o68 Er|e9 Tm|70 Yb

89 Ac|90 Th|91 Pa|92 U([93 Np|94 Pu|95 Am[96 Cm|97 Bk|98 Cf |99 Es|{100FmLO1 Mv{102 No

Actinides
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