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Atoms & Molecules

~400 BC - Democritus
suggested the existence of
atoms

66 AD - Peter wrote: “but the
day of the Lord will come like a
thief, in which the heavens will
pass away with a roar and the
elements will be destroyed with
Intense heat, and the earth and
its works will be burned up.”
From New Testament, 2 Peter
3:10

1783 - Antoine Lavoisier found
that matter is not created nor
destroyed in a chemical
reaction. Known as “father of
modern chemistry.”

D. History

Antoine Lauren! et Marie-Anne Lavoisier peints par David en 1788 (détail).




Atoms &Molecules D. History

1803 - John Dalton
proposed that matter is
made up of tiny atoms; that
atoms of the same element
are alike; and that atoms —
combine in definite ratios
to form compounds. This
set aside false idea
promoted by Aristotle 2000
years earlier that matter
was continuous.




Dalton’s Atomic Theory (1808)

Elements are composed of extremely small
particles called atoms. All atoms of a given
element are identical, having the same size,
mass and chemical properties. The atoms of one
element are different from the atoms of all other
elements.

Compounds are composed of atoms of more
than one element. The relative number of atoms
of each element in a given compound is always
the same.

Chemical reactions only involve the rearrangement
of atoms. Atoms are not created or destroyed In
chemical reactions.
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|. Atoms & Molecules

1879 - William Crookes developed
the “ray tube” which later allowed
us to view electron beams

T To vacuum
pump

Electrically
charged plates )

High voltage

D. History




|. Atoms & Molecules D. History

1897 — Joseph Thomson used the cathode-ray tube and
discovered the electron.
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J.J. Thomson, measured charge/mass of e

(1906 Nobel Prize in Physics)



|. Atoms & Molecules D. History

1886 - Eugene Goldstein demonstrated existence of + particles, protons.
These particles later found to have a charge of +1 (1.60x10'° coulombs)
and a mass of 1.67x1024 g (a mass of 1.00 AMU).

1909 - Robert Millikan determined mass (9.11x1028 g; ~1800 less than
proton) and charge (-1 or -1.60x10-1° coulombs) of an electron.

Spray
bottle

\*— Microscope

. ‘Window

Charged plate (+) — , :

Charged oil drop

Charged plate (-) — &
: Viewing chamber




Copyright & The McGraw-Hill Companies, Inc. Permission required for reproduction or dispiay.

Millikan's Experiment
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Charged plate under observation

e charge = -1.60 x 1019 C
Thomson’s charge/mass of e-=-1.76 x 103 C/g
e mass =9.10x 102 g



. Atoms & Molecules

1911 - Ernest Rutherford (a New
Zealand physicist) demonstrated the
nuclear nature of the atom in which the
empty space is 10,000 to 100,000 times
larger than the size of the nucleus.

Movable microscope to
Radioactive observe flashes where
alpha-particle source alpha particles hit screen —

Metal foil

Lead Zinc sulfide
plate screen

Lead block

Beam of alpha particles

D. History

Ernest Rutherford
(1871-1937)

Region in which
electrons move




Rutherford Experiment (1902)

T Three Types of
Y Rays Emitted by
L I Radioactive

Elements

Lead block

Radioactive
substance

(Uranium compound)
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Thomson's Model of the Atom

Positive charge spread
over the entire sphere

Shown to be incorrect by Rutherford’s experiments



Rutherford's
Experimental Design
(1908 Nobel Prize in Chemistry)

Gold foil

a—Particle
emitter

Slit
Detecting screen

a particle velocity ~ 1.4 x 107 m/s
(~5% speed of light)

1. atoms positive charge is concentrated in the nucleus
2. proton (p) has opposite (+) charge of electron (-)
3. mass of p is 1840 x mass of e (1.67 x 102 g)



Rutherfordlls Model of
the Atom

/Proton

— @/Neutron

atomic radius ~ 100 pm =1 x 109 m

nuclear radius ~5 x 103 pm =5 x 10° m

If the atom is. the Houstop Astrodome
Then the nucleus is g marble on the 50 yard line



|. Atoms & Molecules D. History

1932 - James Chadwick demonstrated the

existence of the neutron which has no charge and
about the same mass as the proton (1.00 AMU).

- Why do you think that it took longer to
uncover the neutron than either the electron or
proton?




Chadwick’s Experiment (1932)

<

gmass He/mass H should = 2

: measured mass He/mass H =4

o +°'Be —— In + 12C + energy

neutron (n) 1s neutral (charge = 0)

n mass ~p mass = 1.67 x 10%* g



I. MO PAU




2. Thuyét lwong tir Planck

Ning lugng cta anh sang khéng cé tinh chat lién tuc
ma bao gom ting luwong riéng biét nho nhat goi 13
luong tir. Mot luong tir cia anh sang (goi la photon)
cOnang luongla: E = hv = h%

Trong d6: E la nang luong cua photon [J]
v : tan s6 buc xa [s1]
C: toc do anh sang 3.108m/s
h— hang s6 Planck = 6,626 .10-34 J.s
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3. Hiéu irng quang dién

Céac kim loai trong chan khong khi bi chiéu sang s& phat
ra cac electron:

Piéu kién xay ra hiéu tng quang dién: v, <v

- v : tan sd birc xa chiéu vao (s1)
-V, ! tan 80 gidi han hay ngudng quang dién (s™)

22



Phuong trinh Einstein

v(st)

vo (57)

h=6,626 .1034 J.s
m=9,1.10-3! kg

VvV (m/s)
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4. Lwdng tinh song hat ciia vat chat

m - Khéi luong cua hat, kg
V - Van toc chuyén dong cua hat , m/s
h - H'img s6 Planck, h= 6,63.1034).s
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Vidu 1: So sanh A trong hai truong hop: Mot hat co
kho1 lwong m = 0,3 kg, van toc chuyén dong V= 30m/s
va mot e chuyén dong vai van toc 108 m/s?

Giai:

h 662610
et = = 22
mv_ 0,3.30

=0,736.10"*m

h 66261034
Ae— —

 mv 9,1.10731.106 = 0,72, 10_9(m)
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5. Nguyén ly bat dinh Heisenberg

m

Trong do
AX - Do bat dinh (sai s6) vé toa do theo phuong x
Av,- Do bat dinh (sai s0) vé van toc theo phuong x

Khong thé xac dinh dong thoi chinh xac cd toa do va vin
toc cua hat, do do khong thé vé dwoc chinh xac quy dao
chuyen dong cua hat.
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a. Ham song
Trang thai chuyén dong cua e trong nguyén tir dugc mo
ta bang mot ham duoc goi ham song y(X,y,z,t)

b. Phuwong trinh Schrodinger
HY=EY
trong do - H la toan ti Hamilton
- E la ning lugng toan phan cua electron

Gidi phwong trinh séng = tim dwoc E, v = tir do biét

duoc chuyén dong cua e.
27



Obitan nguyén tur va may electron.

Moi gia tri nghiém  goi la 1 obitan nguyén tir, ki hiéu la
AOQ.

May e duoc quy udc la mién khong gian gan hat nhan nguyén
tu, trong do xac suat co mat electron khoang 90%.

— 95% boundary:

95% probability of
finding electron
within this area at
any given time.

Electron cloud
corresponding to
95% boundary
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1. S6 lugng ti chinh n

- Gilatrin=1, 2.....
- Y nghia: Mdi gid tri dic trung cho 1 16p e trong
nguyeén tur

n | 2 R) 4 5 6 7
Lé6p K L M N O P )

n cang 1on thi 16p electron cang xa nhan va electron ¢o nang
leong cang cao.
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Hé 1 e (H, He*, Li**...)

-Dbi voihé 1 e nang lugng dugce tinh nhu sau:

+ E phu thudc vao n ( n cang 16n -> E, cang 16n va nguoc lai).

+ n gian doan = E, gian doan -> nang luong cua e trong nguyén
tir dugc phan thanh tirng mirc, mo1 mirc irng véi1 1 gia tri cua n.
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+ Khi n=1 > E; min -> mirc E, goi la trang thai
co ban. Vay trang thal co ban la trang thal coO muc
nang luong thap nhat.

+ Trang thai kich thich: Khi cung cap ning luong
cho hidro, e c6 thé chuyén ra muc ning luong cao
hon (n>1). Khi d6 nguyén tr H ¢ trang thai Kkich
thich=> Trang thai kich thich khéng bén, e c6 xu
hudng quay vé trang thdi co ban va giai phong
nang luong

Z%  Z?
AE = _13'6(71’2 nz) (n' > n)
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H¢ nhicu e

-D 01 vo1 he nhi€u e nang lwgng dugce tinh nhu sau:

7’ duoc goi la di€n tich hat nhan hi¢u dung.
Z’= Z- A, Alahang so chan cua cac e con lai.

Trong hé nhiéu e thi ning lwong E ciia electron phu
thuc vao 2 gid tri: nva 2
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2. SO0 lwong tir phu /7

Giatri: 7=0,1,2,....n-1
Y nghia: M6i gid tri Z dic trung cho 1 phan 16p electron

/ 0 1 2 3 4
Phan 16p S P d f g

Vi du:
n=2 > /=0phanldép 2s
/=1 phan 16p 2p

n=3 > /=0phanlop 3s
/=1 phan 16p 3p
/=2 phan 16p 3d -



/cho biét hinh dang orbital

Orbital s : hinh cau
Orbital p: hinh s6 8 noi
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3. SO lwgng tir tir m

Giatri: m=-7...0...+/

\% nghia: Mo6i gié tri cia m dic trung cho 1 sy dinh
hudng cua orbital nguyén tir trong khong gian
guanh hat nhan

/=0->m=0

/=1->m=-1 0 1
Co 3 orbital P ing véi1 3 gia tri khac nhau Py, Py, P,

/=22 m=-2 -1 0 1 2
Co 5 orbital d tirng véi 5 gia tri khac nhau. ...
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3. SO lwong tir tir Spin m,

- Gid tri: my =+

- Y nghia: Pac trung cho chuyén dong quay cua e
Xung quanh truc
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+ Mo6i 1 ham séng ¥ cua electron trong nguyén tir goi
la 1 orbital nguyén tu.

+ 1 AO ki hiéu

+ 1 AO dugc dic trung bai 3 gid tri ctia 3 s6 luong tir n,
/, m. Kihigu: ¥, ,
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* Vay chuyén dong cta toan bo e trong nguyén tir
dugc dac trung bo1 4 so lugng tur n, /,m va m, trong
do:

n. dac trung cho kich thuoc may e

/ dac trung cho hinh dang may e.
m dac trung cho huéng may e.
m_: chuyén dong tu quay cua e.
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1. Nguyén ly ngoai tru Pauli

Trong mét nguyén tir khdng thé ton tai hai electron c6
cung gia tri cia 4 so luong tir.

Hé qud: Dua vao nguyén ly pauli cé thé tinh duoc
sO electron toi da trong mot 6 luong tir, mot phan 1op
hay mot 16p.

+ SO electron toi da trong mot 6 lugng tir 1a 2e

+ SO electron to1 da trong mot phan 16p 1a 2(2 /+1).

Phan 16p S p d t
SO e to1 da 2 6 10 14
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Electron capacity Electron capacity
of shells (21%) of subshells

n=4 24)%=32——

n=3 23)?% =18 ——

n=22022=8 —

n=1 2012 =2 —l:s
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VD 2: Nguoi ta dé nghi nhitng cau hinh electron cho nguyén ti ¢ s6
Z=12 nhu sau:

(1) 15°2522p°3st3p?  (2) 1s%25%2p03s?

(3) 15%25%2p’3st (4) 15%25%2p°3s°3p°

Chon dap &n ma tat ca cac cau hinh déu tuan theo nguyén ly loai trir
Pauli co electron doc than:

A1),Q3 B@1,@4 C@1Q),@) D.@©)®

VD 3: S0 electron toi da g véi ki hieu 5, , la:
A.2 B4 C.6 D Motdap an khac
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2. Nguyén ly vitng bén:

- Trong nguyén tu cac elec,tron qhiém trude hét cac
AO cO6 murc nang lugng thap nhat .

- Nang lwong cua cac ‘AO trong nguyen tu dugc
xep theo thur tu tang dan nhu sau :

Is<2s<2p<3s<3p<d4s=3d<d4p<3s =4d <
Sp<6s<4f=3d<6p<Ts
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Subshells

(modified Bohr model)
Shells . 4f
; Ly 4d
(simple Bohr model) .- 1
“s:',—" 35
n= 4—‘-’-’-,:'.__ ds :> 4s low}(:r in3d
n= 3_z;::_-__ 3p energy than
e 5
o i
n=2 =
Tt e—————— 25
.} > >y
20 £
o) QL
= =
) )
o0 o0
= =
19p] )
S &
3] 3
s =
n=1]—-- 1s
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Quy tac Klechkowsky
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1s2 252 2p® 3s? 3p® 452 3d10 4pb 5s?

1s? 252 2p® 3s? 3p® 452 3d10 4p® 552 4d10 5pb 652




VD 4: Nguoi ta dé nghi nhirng cau hinh electron cho nguyén tir ¢é s6
Z=12 nhu sau:

(1)1s5%25°2p°3st3p?  (2) 15°2522p°3s2

(3) 15%25%2p’3st  (4) 1s%2s22p°3s°3p3

Chon dap &n ma tat ca c4c cau hinh déu khdng tuan theo nguyén ly
vitng bén:

A.(1),2 B(1),4 C2.03 DO @
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3. Quy #ic Hund

Quy tic Hund: Trong mot phan 16p chua du so
electron toi da cac electron cé khuynh hudng phan
bo déu vao cac 6 luong tir sao cho so electron doc
than va1 spin song song la cuc dai.

Vi du 5: Viét cau hinh e dang 6 lugng tir cua
nguyén tir C (Z=6)
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VD 6: Electron cubi ctua nguyén tir cia nguyén to S co 4
sO luwong tir nhu sau:

A.n=3,1=2, m =-2, m=+1/2 B
C.n=3,1=0, m; = +1, m=-1/2 D.

VD 7: Trang thai chuyén dong cua electron trong nguyén
tor duoc dac trung bo1 nhitng s6 luong tir sau:
A n,l B.l,m C.nlm D.nIl m mg

VD 8: O trang thai co ban, cac electron & phan 16p 3p2cé

thé tmg v&i bao nhiéu bo cta cac so luong tr n, |, m va m;
A. 8 b0 B.10bo C.12b0 D. 6 b0
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