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I. CAU TRUC NGUYEN TU
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Nguyén tir = hat nhan (proton + neutron) + electron

Dién tich:

- Electron mang dién tich am

- Proton mang di¢n tich duong 9 ® 3
- D0 16n cua dién tich 1,6.10-1° Coulombs

- Neutron khong mang dién

Nguyén t&r He
Khoi lugng:

- Khoi lugng ctia proton my, va neutron m, déu 1a 1,67.10-%7 kg.
- Khéi lugng cuia electron m, 14 9,11.10-3! kg (c6 thé bod qua khi tinh
khéi luong nguyén tir)

Khéi lugng nguyén tir (A) = m, + m,

- Proton dic trung cho nguyén t6 hoa hoc = sd nguyén ttr (Z)
- Neutron xac dinh s6 dong vi
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Pon vi khoi lugng nguyén tir - Nguyén tir khoi

Pon vi khoi luong nguyén tir (amu) duoc dinh nghia bang 1/12 khdi luong nguyén tir
ctia dong vi pho bién nhat cua carbon (A. = 12)
1amu=1,66.1024g

Khéi lugng cua C12 13 12 amu

- Nguyén tir khdi ctia mot nguyén t6 1a trung binh khoi luong nguyén tir cta cac dong
vi ton tai trong ty nhién ctia nguyén to d6 va dugc dic trung bdi amu/nguyén tir hoac
khéi luong/mol

lamu/nguyén tir (phan tir) = 1g/mol
S6 nguyén tir hay phan tir trong mot mol goi 1a s6 Avogadro N A

N, =6,02.102
Mat do cua nguyén tir n (nguyén tir/cm?)
= N, x khéi lugng riéng d(g/cm?)/ khéi lugng mol M (g/mol)
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Electron trong nguyén tu

Electron chuyén dong xung quanh hat nhan véi ban kinh khoang 0.05 - 0.2 nm

M6 hinh nguyén tix Bohr:

- Electron chuyén dong xung quanh hat nhan trén nhiing orbital gian doan.

- Nang luong cua electron la gian doan.

- Mbi electron c6 mot gid tri nang lwong X4c dinh va electron c6 thé thay d6i ning luong
bang cach hap thy niang lugng hoic birc xa ning luong.

- C4c muc ning luong nay lién quan dén so d6 muc ning lugng hay so d6 trang thai cua
nguyén tir va xac dinh vi tri cua electron trong nguyén tir (orbital dién tir) va nang luong —

(c&C murc nang lugng luong tir)
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Phé vach ctia nguyén tir

Orbital electron

‘,/ \b_ Nucleus \\\

N, o d
, r
" - g

M6 hinh Bohr ctia nguyén t&r C

~

Ban kinh cua orbital dwgc phép = n?x (0.0529 nm)
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Tuy nhién, moé hinh Bohr khong thé giai thich mot s6 hién tuong 1én quan dén dién ti.
Do d6 mo hinh co hoc song duogc dua ra, trong mo hinh nay electron ¢6 ludng tinh song va hat

Vi tri cua electron dugec mo ta bo1 xac suat phan bo cua electron hay dam may dién tir.

1.0 [—

Probability

0

[
|
-:—:— Distance from nucleus ——=
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|
|
|
|
||
Orbital electron l
)
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N3ng lwong trang thdi = - C/n2  véi Cla hang s6 Rydberg
n=sdluwgngtlr, n=1,2,3,4,...
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a) Ba trang thai nang luong dién tr dau tién ciia nguyén tir hydro theo Bohr

b) Trang thai ning luong dién tir ctia ba 16p dau tién ctia nguyén tir hydro theo mé hinh
18563 ioc song

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


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

SO LUQNG TU

- Str dung md hinh co hoc s6ng, mdi electron trong nguyén tir dugc dic trung bdi bon
thong s6 goi 1a s luong tir (s6 lugng tir chinh n, s6 phan 16p |, sb trang thai ning
lugng ctia mdi phan 16p m, va moment spin)

- C4c s6 luong tir 12 két qua giai pt Schrodinger

- Nguyén 1y loai trir Pauli: khong ton tai 2 electron trong mot nguyén tir c6 clng Cac so
luong tur

Principal AT , 3 ~f P .
Quantum Shell Number Number of Electrons
Number n  Designation Subshells of States Per Subshell Per Shell

1 K 5 1 2 2

5 1 2
2 L p 3 6 ;

5 1 2
3 M P 3 6 18

d 5 10

§ 1 2

, p 3 6
4 N d 3 10 32

I 7 14
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Phan 16p theo nang luong: 1s,2s,2p,3s,3p,4s,3d,4s,4p,5s,4d,5p,6s,41, ...

Principal quantum number, n ——=

Electron & 16p ngoai cung 1a electron hoa trj - lién két
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Electron s& lap day nhiing trang thai c6 nang luong thap & 16p va phan 16p electron,

2 electron trén mot trang thai (2 spin nguoc chiéu nhau)
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So d6 cac trang thai ning lugng duoc 1ap day va chua lap day cua nguyén tir Na
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= - h <

Quantum Numbers

Symbol Values Description

n (major) 1,2,3, .. Orbital size and energy = -R(1/n?)
| (angular) 0,1,2,..n-1 Orbital shape or type (subshell)
m, (magnetic) -1..0..+l Orbital orientation in space

Total # of orbitals in I subshell =21 + 1
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CAC DANG LIEN KET HOA HOC

Lién két ion: electron dich chuyén tlr nguyén tlr nay sang nguyén ti khac.

Lién két cong hoda tri: cac nguyén tlr dong gop electron vao lién két.

Dwa vao sw khac nhau vé do am dién clia cac nguyén tl, lién két trong phan t&r co
3 loai:

Cong hoa tri khdng phan cwe: ADAD < 0.5
Cong hoa tri phan cuwe: 0.5 < ADAD < 2.0
lon: ADAD>2.0
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E.Q.

F-F(4.0-4.0=0) is non-polar covalent
H-F (4.0-2.1=1.9)is polar covalent
LiIF (4.0-1.0=3.0) is ionic

0- +—-

» .
bond

dipole moment

HF (Hydrofluoric Acid)
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Phan t&r phan cwc la phan tir c6 mément lwdng cuc

Trong mot phan t& c6 nhiéu lién két phan cwe, mbi lién két cé mdt mdémen lwéng cuc.

Mémen lwéng cuwc cla phan tir bang téng vecto cla luéng cuc lién két.

Vi du: Phan t&r CO, :

= khong phan cyc
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III. TUONG TAC GIUA ANH SANG VOI MOI TRUONG VAT CHAT
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Tinh chat cla anh sang??

Anh sang cé ludng tinh sdng, hat

18/9/2016
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Pac tinh cda song

wavelength

* Budce song la khoang cach gitra 2 dinh song.
» Tan s6 12 s6 lan séng dao dong 1én va xudng trong 1
giay.
Van toc song = Budc song x Tan so

18/9/2016 19

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


IF_05_05_WaveAnatomy.htm
IF_05_05_WaveAnatomy.htm
http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Anh sang 1a séng dién tuir

Electric field | ]

y | «———————Wavelength, A ——>]
+
=
L
Magnetic field =
z 2
b=
Q
=
52}
Direction ‘,
of _ .
propagation Time or distance >
(a) (b)
© 2004 Thomson - Brooks/Cole
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Wavelength and Frequency

1cm

0.5cm

O£5 g_m

|

|

AN

wavelength = 1 cm,
frequency = 30 GHz

wavelength = zcm,
frequency = 2 X 30 GHz = 60 GHz

wavelength =7 cm,
frequency = 4 X 30 GHz = 120 GHz

wavelength x frequency = speed of light = constant
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Pac tinh hat ciia anh sang

* Hat cua anh sang goi la photon.
* MOoi photon cd mdt budc séng va mot tan so.

* Nang lvong cua photon phu thudc vao tan so
cuda no.
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Wavelength, Frequency, and Energy

AXf=c
A =wavelength, f =frequency
¢ =3.00 x 108 m/s = speed of light

E =h x f = photon energy
h=6.626 x 1034 joule.s
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111.1. Twong tac gitra anh sang vdi vat chat

Khi ta chi€éu mot chum anh sang don sac I1én mau vat thi ta s€ dong tho1 nhan duoc:

/s

A —

ls

- Mot phan anh sang phan xa trén bé mat mau I

—— phuong va do 16n tly thudc vao bé mit ciia mau
- Mot phan anh sang tan xa lgphu thudc kich thudc hat, d6 dai song ciia anh sang
tdi va phuong ciia né phu thudc vao sy phan bd cia cac hat trong miu
- M6t phan &nh sang bi cac phan tor mau hap thu | ,: day la yéu té quan trong trong
qué trinh nghién ctru vé phd phan ti
- Phan con lai dugc truyén qua mau |

18/9/2016 25
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Khi cac burc xa dién tir tuong tac vdi cac phan tir vét chat, co thé xay ra theo hai
kha ning: trang thai nang lugng cua phan tir thay d6i hoic khong thay d6i. Khi
c6 sy thay doi ning luogng thi phan tir c6 thé hap thy hodc birc xa ning lugng véi
nhiing gia tr1 xac dinh.
Néu goi trang thai ning luong ban dau cta phan tir 1a E1, sau khi tuong tac 13
E2 thi 6 thé viét:

AE=E,—-E;=hv h = 6.62x10734J.s: hang s6 Planck

Trong d6 E,va E, lan luot 1 ning lugng cia trang thai kich thich va trang thai
co ban. Phan tir hap thu nang luong AE khi né dugc kich thich tir E, Ién E, va
btrc xa ra nang lugng AE khi n6 dugc giai phong tr E, vé E,

E, E,

AE I hap thu AE l Biic xa

E, E;

Nhu vay, anh sang sé bi hap thu chi khi ndo ning luong ctia né dung bang hiéu
nang lugng gitra 2 trang thai E,, E,. Phan nang luong anh sang khac vot gia tri
nay sé truyén qua.

18/9/2016 26
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Khi cac phan t&r hap thu nang lwong tr bén ngoai co thé dan dén cac qua trinh thay
déi trong phan tl (quay, dao déng, kich thich electron phan t...) hodc trong

nguyén tr (cdng hudng spin electron, cbng hwdng tlr hat nhan).

\ Ot

+\

quay Dao dong

Kich thich electron
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111.2 Cac dang chuyén dong ciia phén tir va trang thai ning lwrong twong ing
Chuyén dong dién tt —— muc ning luong dién tir

Chuyén dong dao dong phan tir: d6 1a sy bién thién tuan hoan ctia phan bé tuong

d6i cac hat nhan trong phan tt — mirc niang lugng dao dong

Chuyén dong quay ctia phén tir: d6 1a su bién thién tuan hoan kha ning dinh hudng

cua phan tur trong khong gian —— mirc nang lugng quay

Cac mirc nang luong dién tir, dao dong va quay déu bi luong tir hoa nghia 1a

nhan cac gia tr1 nang luong xac dinh.

AE<< AE, << AE,

18/9/2016 28
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Phuong trinh chuyén dong

Theo co hoc lugng tir, qué trinh chuyén dong tong hop ctia phan tir duoc dién ta

bang phuong trinh song Schrodinger

H(x,X,0).y(x,X,0)=Ewy(x,X,6)

Trong do e : Ao
& H 1 toan tir ning luong cua phan tr

x: toa d6 cac dién tu

X: toa d6 cac hat nhan

0: goc quay mo ta su dinh hudng cua phan tir
E: tr1 riéng cua todn tr nang lugng

w(X, X, 0): ham song mod ta sy chuyén dong cua phan tur
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http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Toan tir  H(x, X, 0) bang tong cac toan tir ddng ning cia cac dién tir Te(X)
dong nang cta hat nhan Tn(X,0)

Thé nang tuwong tac cua cac dién to véi nhan, cua cac hat nhan véi nhau va cua

dién tir voi hat nhan  V(X, X)

H(X, X,0) = Te(X) + Tn (X, 0) + V(X, X)

Giail phuong trinh nay trong nhirng truong hgp cac phan tir don gian ta nhan

duogc gia tri cdc mirc nang lugng tuong tng vo1 cac dang chuyén dong cua phan tir.

18/9/2016 30
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Gian d6 cac mirc ndng lwong cha phan tir
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I11.3. Cac vung pho tuong tmg voi cac dang chuyén dong

Do su khac nhau vé bac nang lugng doi voi cac dang chuyén dong nén dan

dén su phtrc tap cua pho phan tir va ching phan bo trén mot ving kha rong

Su dich chuyén gilta cadc muc dién tr <——>
Pho dién tir phan bo trong ving tir ngoai va kha kién
Su dich chuyén gitta cac mirc dao dong <——
Pho dao dong phan bd trong ving hong ngoai gan
Su dich chuyén gifta cac mirc quay <—>
Pho quay phan b trong ving hong ngoai xa
Thuc té, pho phan tir phire tap hon nhiéu vi c6 su chong chap giira cdc muic ning lugng

18/9/2016 32

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


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

Ving pho

Loai pho - Ngudn goc
(v, cm!)
Tiay 1010- 108  [Su sap xép lai chia cac hat co ban trong hat nhén.
Tia X 108- 106 S}_I chuyefl m}rc nalng {u:(_)’ng cua cac dién tur bén trong
cua nguyén tir, phan tir.
Tir ngoai - kha ki én 105- 10 Su c@uyeqn mire Anan?g lugng cua cac dién tir hoa tri cua
nguyén tir va phan ti.
Raman va hong ngoai 104- 102 Su chuyén mirc dao dong (thay ddi cAu hinh).
Séng vi ba 102-1 Su dich chuyén cic mitc quay.
Cong hudng spin dién tur 5 Sy dich chuyén giita cAc muc spin (thay d6i su dinh
1-10 .
(ESR) hudng).
Cong huodng tir hat nhan > 4 [Sudich chuyén gitta cic murc spin hat nhan trong tir
10~ -10 .
(NMR) truong.
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MR =RS Viba Raman | kha kién Ta X Tiay
Jem™y 107 107 1 102 : 10° 108 10"
i (cm) | | | | | | |
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viHz) | | | | | | |
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111.4. Cac théng s6 diic trung ciia pho hap thu

Vi tri dam hap thu: day 1a dic trung quan trong nhat cta pho phén tur.

Pon vi:
-b6 dai séng A [A, um, nm...]
-Sosong v=1/A [em?]

1 cm* €> 102 m
1 mm €> 103 m
1 micron (um) €> 10°m

1 nanometer (nm) € 10° m

101" m

1 Angstrom (A) >

€« 0.01m

0.001 m
0.000001 m
0.000000001 m
0.0000000001 m

Trong phd hong ngoai ngudi ta thuong dung cm?

18/9/2016
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Cuwong do cua dam hz“'lp thu duoc do béng thuc nghiém trén co s dinh luat

Lambert-Beer

¢ ¢ A A A o ~
d: do day C:nong do phén tir trong mau

' d: d6 dav 16p hap th
Log(lo/1), =¢,.Cd=D, 0 day 16p hap thu

| : cuong do burc xa toi
g, =D, /C.d; Ige;, =1gD,/C.d 0 g d¢ :

I: cuong do bire xa ra khoi 16p hap thu
D,: mat d§ quang

€,: hé sO hap thu phan tur

Do 16n cua dam hép thu duoc xac dinh boi dién tich gi61 han boi contour cua dam

hap thu A= f
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111.5. Su phan bo & cac trang thai ning luong

Thoéng thuong cac phan tir phan bd ¢ muc nang luong co ban nhiéu hon & cac
mure Kich thich, nghia 1a mat d6 chiém hitu N, ¢ trang thai co ban 16n hon nhiéu

mat dd N, ¢ trang théi kich thich

Khi ¢6 can bang nhiét dong, ching ludn tuan theo phan bé Boltzmann:
AE
N, _

N

0]

Trong do AE = E_-E, la hi€u nang luong giira hai trang thai kich thich va co ban

k: 1a hang s6 Boltzmann (k = 1,38.10-23J/°K)
T: nhiét d6 tuyét d6i (°K)
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Néu AE>>KT (trang thai dién tir va trang thai dao dong) thi N, << N,: phan 16n
phan tir ¢ trang thai co ban.
Néu AEOKT (trudng hop cac muc ning luong quay) chi can do sy va cham cia

cac phan tir ciing 1am cho phan tir phan bd ¢ c4c muc niang luong cao hon

Céc phan tir sau khi duoc kich thich I1én cac trang thai nang luong cao sé luvu lai muc

nay mot thoi gian rat ngan sau do tro vé trang thai can bang theo phan b Boltzmann

18/9/2016 38

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


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

1. 6. Xac suat chuyén doi gitta cac trang thai ning luong

Sy hap thu ning luong chil yéu xay ra do sy tuong tac gitta moment ludng cuc

dién cua phan tu va vecto dién truong E cua bure xa.

Xac suat chuyén doi gitra cac trang thai ning lugng dic trung bang cac ham

s0Ng y,,, Va vy, dugc xac dinh béi moment chuyén doi ludng cuc  Prmn

Pmn = JWm Py, dt

Trong do: P= GZFi la moment ludng cyc cua phan tu

Ii Ban kinh vecto cua dién tich thur 1

e: do 1on cua dién tich

Pm =0 thi x4c suat chuyén doi bang 0 va chuyén doi bi cam

Pm %0  chuyén doi s& cho phép va pho hap thu xuat hién
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Shells and Subshells

Forn=1,=0andm;=0
There is only one subshell and that subshell
has a single orbital

(m, has a single value ---> 1 orbital)

This subshell is labeled S and we call this
orbital 1S
Each shell has 1 orbital labeled s.

It is SPHERICAL in shape.
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s Orbitals

All s orbitals are spherical in shape.
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p Orbitals

Forn=2, |=0and 1

There are 2 types of orbitals —
2 subshells

For[=0 m,=0
this is a s subshell
Forl=1 m =-1,0, +1
this is a p subshell
with 3 orbitals

18/9/2016
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Typical p orbital

1
1
1
1
1
1
1
|
1
1
1

planaf node

When | = 1, there is a PLANAR
NODE through the nucleus.
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p orbitals
(2)

The three p orbitals lie 90°
apart in space

A p orbital
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d Orbitals

For n = 3, what are the values of I?
1=0, 1, 2
and so there are 3 subshells in the shell.

Forl=0,m =0

—> s subshell with single orbital

Forl=1,m,=-1,0,+1

—  p subshell with 3 orbitals
Forl=2,m = -2,-1,0, +1, +2

— d subshell with 5 orbitals
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d Orbitals

s orbitals have no planar node
(I =0) and SO are
spherical.

typical d orbital
‘ _planar node

p orbitals have | = 1, and have

“nlanar node
1 planar node, :

and so are “dumbbell” shap
d orbitals (with | = 2)
have 2 planar nodes

IN GENERAL

the number of NODES

= value of angular
quantum number (I)
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Shapes of Molecules

We use Lewis structures to account for formula of covalent compounds.
Lewis structures also account for the number of covalent bonds.

Lewis structures however do NOT account for the shapes of molecules.

Molecules of AB, have shapes dependent on the value of n

AB, must be either linear or bent: Examples of Linear molecules

18/9/2016 Linear - No non-bonding electrons 48
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Linear Molecules have a bond angle = 180° A bent
Bent molecules have a bond angle # 180° B 7 ~ B

AB;most common shapes place the B atoms
at the corners of an equilateral triangle:

Trigonal Planar

The A atom lies in
the same plane as
the B atoms (Flat)

Bond angle = 120°

No non-bonding electrons
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N Trigonal Pyramidal
__;-'."- .
H® % H
The A atom lies above the plane of the B atom.
!"‘__J Pyramid with an equilateral triangle as the base.
107
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The ideal tetrahedron has a bond angle = 109.5°

VSEPR model explains
distortions of
molecules

The lone electron pair exerts a little extra repulsion on the three bonding
hydrogen atoms to create a slight compression to a 107° bond angle.

Less repulsion is exerted by a bonding pair of electrons because
they feel attraction from two nuclei, while a non-bonding pair feels
attraction from only one nucleus.

Non-bonding pairs spread out more!
18/9/2016 51
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AB, is Tetrahedral

The carbon has 4 valence electrons and thus needs 4 more
electrons from four hydrogen atoms to complete its octet. The
hydrogen atoms are as far apart as possible at 109° bond angle.

This is tetrahedral geometry. The molecule is three dimensional.
18/9/2016
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