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CAU TAO NGUYEN TU - CAC MO HINH NGUYEN T

I- MAu neuyén tu Rutherford

I-1/ Thi nghiém tin xa hat a cia Rutherford
Cdc nha khoa hoc ¢ dai cho rling nguyén i 12 phin t&f nh6 nhat khong thé chia cdt dugc. Tuy nhién
su phat hién ra electron (Thomson), tia X (Rdnghen), tia dudng cuc (Goldstein) , hién tudng quang di€n
(Hertz), hién tugng phong xa (Becquerel) .. .cho tha'y trong nguyén ti con ¢6 nhtrng phin tit nhd hon .
Céc electron mang dién tich am, trong khn nguyén (d lai trung hoa dién, nén mdi nguyén it phai chia

vitchit mang dién dtrdng dé can biing dién tich 4m clia cdc electron. Hdn nifa lai rat nhe so vdi nguyén
tl . nén cé thé suy dodn ring vat chit mang dién du’dng phdi chi€ém hiu hét khdi [ugng nguyén tir .

Niam 1898, Thomson cho ring nguyén tif 1a qua ciu bing vat chit mang dién tich dudng, trong d6 cdc
céc electron sip x&p déu din sao cho nguyén t’ trung hoa dién .

Nim 1911, Rutherford da thuc hién thi nghiém tdn xa hat o vi sy ¢ gidp cia Geiger va Marsden
(hinh vé&) . Hat o phdt ra wr | nguén chit phdng xa, qua | 15 nho trén tim chi dé tao ra | chiim tia o hep
bdn vio 1 I kim loai méng (viing). Phia sau id vang ¢6 1 man huynh quang ZnS cé thé di dong. Mai khi
c6 | hat o dip vio man huynh quang s€ gay ra | dom sdng

Pb ld kim log mdy do K&t qua thi nghiém cho thdy hau hét céc hat
: I B o truyén thing qua 14 kim loai, chi c6 1 50 it
E Tia o hat bi leach (tao ra cac cham sang trén man
| t huynh quang 1). trong d6 ¢ | s rét it hat bj
léch nguoc trd lai (ghi nhén trén man huynh
Chit phéng xa Min huynh quang 2)
Main huynh quang 2 quang 1

Néu mé hinh nguyén ti¥ clia Thomson 13 ding thi chi ¢o |

& rdt it hat o ¢6 thé di qua 14 vang :trdi véi thuc nghiém ! efectron ©

Piéu nay cho thiy nguyén ti ﬁ‘:nhﬁiéﬂ.g réng (Vi ! =, o )
hiu hét hat a xuyén qua 14 kim loai) va gid thuyét clia vt chdr f.‘!(Ui_L’l ,}
Thomson ( phan mang dién tich dudng chi€ém hidu hét dién tich {(‘tﬁ‘ﬂﬂ‘:&(’ &
nguyén ti ) 1a khong ding . Vi hata ¢ khéi lugng 1dn &//
(han 7500 ian electron) va cd vin toc rat 1dn (EO m/s) , Mo hinh nguyén tir ctia Thomson

mat khdc cudng do dién trudng E tai bé mat nguyén tf
- theo md hinh cda Thomson- chi khodng 10" V/m, thi luc tic dung 1€n hat o khd yéu nén do l&ch clia
tia o do su khuéch tdn 1a khéng ddng ké : trdi véi thuc nghiém.

Nhu thé cdc hat o bi 1éch (va dic bi€t la cdc hat bi Iéch 1 géc t) la do tudng tac vdi 1 dién tich
dugng c6 kich thudc rit nhé c6 khi ning giy ra | dién trudng I6n hon rat nhiéu (theo udc tinh khodng
10%'V/m).

1-2/ M6 hinh nguyén ti hanh tinh cia Rutherford
Tir k&t qué thi nghiém trén, Rutherford dé nghi mé hinh nguyén tf :

Nguyén tit hiu nhv trong rdng, gom :
- hat nhin c6 kich thudc rat bé so véi nguyén ti
mang dién tich dudng va tap trung hiu hét khoi lugng cha nguyén tlf i

- xung quanh hat nhén la cdc electron, mang dién
tich Am chuyén déng trén cdc qui dao ron. Téng dién tich electron<i—C =
4m cia cic electron bing dién tich duong cua hat nhan : ':
nhung trdi dd'u, nén toan nguyén tr 1a trung hoa dién. Hart fz/rc?r!l‘(‘-—-—-"“’@

M6 hinh nay gi6ng nhu hinh dnh thu nhd cia Théi i gaf =
Dutdng hé, nén dudc goi 1a md hinh nguyén t& hanh tinh e
Thi nghiém cla Rutherford va cdc thi nghiém wdng M5 hinh nguyén (i cia Rutherford
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tu sau d6 cung cdp cdc thong tin vé hat nhin nguyén tir .
Su tdn xa (léch) ciia hat o phu thuée va o dién tich cda hat nhin (ing véi cdc 14 kim loai khdc nhau) cho
phé€p udc tinh dién tich cda hat nhan . moi nguyén t& clia cang | nguyén 6 déu 6 cung dién tich hat
nhdn va dién tich nay ting ddn (if nguyén t& nay t6i nguyén t6 khdc trong bing phan hang tuin hoan :

I-3/ Li thuyé&l cia Rutherford vé tdn xa hat o

Vi gid thi€t hat nhin

nguyén tf va hat o la cic
dién tich diém; hat nhan nguyén
tlr ditng yén (vi hat nhan rat 16n
so vdi hat o), déng thdi coi nhu

tuong tdc gitra hat o va hat nhan l . Qi dao hat
nguyén tlr 13 twong tic Coulomb i R e
Van dung dinh luit bdo toan 77,11’____ s
ddng lugng va ning ludng, Rutherford hgt nhén bia
tim ra m6i quan hé gifta géc tdn xa H va thong s6 va cham b
& ey I 4:1'5:01812’” (1)

cotg— =
gZ Ze?

e :
Voiili= Enw,; la ddng ning ctia hat &

K&t qua nay cho thay théng s§ va cham b
cang nhé thi géc tdn xa 0 cang Idn
Vi b =0 thi géc 8 =180°
[-4/ Kich thudc hat nhin
Tw (1.1) cho phép tim gidi han trén cia kich thusc hat nhén, tic 1a khodng cdch ng&n nhit r, giita
hat o va hat nhin nguyén tf trong qud trinh tudng tdc truc dién vdi b =0 va g6c
tdn xa 0 = 180° . Khi hat o & vi tri Ung vdi khodng cich ngfn nha't r; thi déng ndng T cta hat o chuyén

héa hodn toan thanh thé nang tinh dién:
i 427"
ips T

dne, r,

27e*
drme, T

Vidy vdi hat o ¢6 dong ning T=7.7MeV thi ro= 3,8.10"°Z (m)
N&u hat nhin nguyén tl vang (Au)c6Z=79 thi rp=3.10"m, nghia la ban kinh hat nhin

Do do : =

nguyén tf vang ¢ gid tri nhd hon 3.10 m
Sau nay vdi cdc mdy gia tdc ¢6 thé taora cdc hat o c6 ddng nidng 16n hon | ngudi ta nhin thdy
biéu thifc t4n xa cia Rutherford khong con hoan toan phit hdp véi thuc nghi€ém. Li do 14 vi khi dé khodng
cdch ngdn nhat 1o gita hat & va hat nhan sé giam va luc twong tdc giita 2 hat nay khong con thuin tdy l1a
luc Coulomb
I-5/ Nhitng thi€u sét cla md hinh nguyén ti hinh tinh
a) Khi chuyén ddng quanh hat nhan trén qui dao tron thi electron ¢6 ning lugng

E=T+U vgi T2 ;mvz la dong ning

r i e :
U |- 2% 12 thé ning
e dre, r
Diéu kién cin bing ddng clia electron trén quidao: F + F' =
R S (F' I luc li tim )
auE r :
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o8 ( fvh ¥ hiaign
SuyraT= fmy’= 2" vadods E= £ <0

E <0:diy la nang lugng lién k&t clia electron d6i véi hat nhin nguyén o
Theo dién dong luc hoc khi chuyén déng quanh hat nhén thi electron s& bifc xa ning lugng (dudi
dang song dién t), nén nang lugng gidm dan e la |E | ting dan, va do dé r gidm din. Khi d6 qui
dao cia electron sé 1a | duding xodn 6c, va electron s& rdi viio hat nhén trong | khodng thoi gian rat
ngén : md hinh nguyén ti hanh tinh khong ton tai !
b) Mait khac khi electron chuyén dong quanh hat nhdn thi né biic xa ra song dién tir c6 tan s
bing tan s6 quay f.
. fesiy e g - g B o
Ty f= —=—= — — . tathdy khirgidm thif ting
T 2m 2mr\4me,mr i

Do r giam lién tuc, nén f tdng li€n wic vi ning lugng bic xa lién tuc, nghia la quang phd phdtra
la quang phd lién tuc va chuyén din vé phia budc séng ngdn : diéu nay khong ding vi trong thuc t&
quang phd nguyén (' 1a quang phé vach (vi du quang phd cla Hidré trong viing thdy dudc gdm 4 vach :
dd - lam ; cham ; tim c6 budc séng khang d6i)
I1- Mau nguyén tr Bohr
[1-1/ Li thuy&t BOHR vé nguyén ta H
|1 — Cdc tién dé
Pé gidi thich cdc thi€u s6t ciia mé hinh nguyén t hanh tinh, Bohr dé nghi thay
d8i qui luat dién tit dp dung cho nguyén t . Vé cd ban Bohr vin giif lai cdc quan diém ding ddn cla
Rutherford v& cdu tao clia nguyén tli , va dé€ slfa chita 2 thi€u sét cia mé hinh nguyén t theo Rutherford
.Bohr dua ra 2 tién dé -
a)Tién dé | (vé cdc trang thdi dUng)
Nguyén tf chi tdn tai trong nhiing trang thdi ddc biét goi 12 trang thdi dirng (hay trang thdi

lwong 1) ¢6 nang lugng xdc dinh, bat lién tuc Ey, Ey, Es, . .. Trong cdc trang thdi nay nguyén tlf khong
bifc xa ning lugng va c6 momen dong iugng bi lugng tir héa
mvr=nh voiT Shi=hiZmn MR e R

(Khi do electron chuyén dong trén nhitng qui dao dic biét goi la qui dao dirng hay qui dao iuong
tit ¢é ban kinh ry, 1., . . . xdc dinh )
b) Tién dé 2 (vé tan so buc xa)
Nguyén tif co thé chuyén tir trang thdi dUng nay sang trang thai dirng khdc (tic 1a electron
¢6 thé nhdy vot tir qui dao dirng nay sang qui dao difng khac) bing cdch hdp thu hay bic xa nang ludng
bing ding hiéu nang lugng AE giifa 2 trang thdi tudng Gng.

Khi nguyén ti chuyén tif trang thdi ¢6 nang En :
lugng cao E, v€ trang thdi ¢6 ndng Iudng thap hon Ey, ,
s& phdt ra phdton cé ning ludng : € = hvis AE = Eq B hdp|thu buc|xa
o e - . AE
tc 12 tin s6 birc xa phatrala v= 7 28

Ngugc lai khi nguyén t dang & trang thdi nang lugng thap Ey , nhdn dudc ning lugng
kich thich ding bing AE =E, - Eip thi s€ chuyén 1én trang thdi c6 nang luong E,cao hdn
1.2- Y nghia vt li cda cdc tién dé
Tién dé 1 thé hién tinh chdt séng cia electron. That vay né&u dp dung quan diém
s6ng vat chat De Broglie lién k€t vdi chuyén déng clia electron trén qui dao, thi diéu kién lugng td héa
momen dong lugng ctia Bohr chinh I3 didu kién c6 séng dirng trén qui dao tron
14 27r=nA  vdi A la budc séng cla séng De Broglie A =h/mv
Tién dé 2 gidi thich dugc ngudn gdc cdc vach quang phd : Nguyén tlf 8 trang thdi co ban khi bi
kich thich s& chuyén 1&n trang thdi c6 ndng lugng cao hon. Sau khi ton tai trong trang thdi kich thich 1
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th&i gian ngdn , nguyén W s& chuyén vé trang thdicon

lwong khdc nhau tic 1a cé tan sb hodc budc séng

2

ing lugng thap hon va
khéc nhau tao thanh quang pho

phdtra cdc phdton c6 nang

(vach) cia nguyén .

| .3- Mot s6 két qua li thuyél vé nguyén tr Hidro suy ra tr thuy&t Bohr

a) Bdn kinh cac qui dao dUng
Tir didu kién cdn bing dong cia electron

trén qui dao, k&t hop Vi diéu kién lugng ti héa momen

ddng lugng cGa Bohr, suy ra bdn kinh qui dao dirng

tha n:
nh’ )
B e trong do ko= ——
kom.e” dre,
e & h* . ;
Neun=1 thi 1= ~ = 0,53 A thudng
k,m,e

dudc ki hiéu 12 ag, goi la ban kinh Bohr, tic 12 bdn
kinh qui dao dirng beé nhat chia electron trong nguyén
t¢H .Suyra Tn= i dp— 0,53n° (A)

b) Cdc muc nang ludng

E (eV)

vitng electron 1y do

qodc ion hda

-1,51

34

mic cd ban (n=1)

13.6

_ 13,6 eV : d6 1a mifc cd ban ,tdc 12 mic nang lugng thdp nhat

2 : s
Tit biéu thic nang lugng E=-————"~
dng, 2r
néu thay r bdi biéu thifc cha r, ta dudc:
: kime'
B i
i 2nh’
5 kim,e'
NaT FLR R e e
2h
cha nguyén tir Hidrd (khi nguyén ti d trang thdi binh thudng)
X 13.6 '
Suy ra B == (eV)

n 1

c) Cdc ddy quang phd cla Hidrd

T trude khi co thuyét Bohr, vao ndm 1885 Balmer da tim ra cac vach quang ph6 ctia Hidrd
trong mi€n dnh sdng thdy dugc , do la cdc vach do,lam ,cham vi tim . Balmer goi 4 vach nay theo thu o

1a VE}.Ch Hu, Hg . Hy va Hs -
Balmer dd thi€t lip cong thic thuc nghiém (goi la
_ 3046
n' -4
Vach Hg Uing v@in=3;vachHp(n=

A(A)

Sau d6 Rydberg dd bién

ViR = 1.09737.10" m" goi la hang s6 Rydberg
Tt tién dé 2 cha Bohr, suy ra tAn s6 buc xa :
AE Enl ﬁEn'J
Vi —_—
h

h

2 4
kym,e

2hh’

hay s6séng V= l:,"if_e—aﬂ—(_l___l.):
A 8glch \nm; nf
irong d6 R la hiing s6 Rydberg.
C6 v6 s6 cdc dich chuyén gitfa cdc trang

nhidu vach . dugc sip x€p thanh cdc diy
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4) ; vach Hy(n = 5) va vacg Hs (n =

ddi cong thifc trén thinh: v =

cong thic Balmer) :

6)

1 1 &87%] =

— =R —-—| tongdén= 3:4;,5:6
A U iE

o -
el vGl np > N2
n, 1,

théi difng thif n; va ny nhu trén, nén quang phd gdm rat
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Pfund
v 4
Brackett

v 3
Paschen

i ﬁ'ﬁer 2

A S, A I
Lyman

o diy Lyman (tim ra nim 1916) @ng véiny = 1 n;=2:3:4; ... nim trong mién vién tlf ngoai

e diy Balmer(tim ra nim 1885) dng vdina =2;n; = 3; -4:5 ... chicé 4 vach diu tién ndm trong
mién thiy dugc 1a Hq (dé) ; Hg(lam) ; H, (cham); H;(tim) ; cdc vach con lai ndm trong mién ti ngoai

e diy Paschen (tim ra nam 1908) dng vdi ny = 3:n,=4:5,6;... ndm trong mién hong ngoai

e diy Brackett (tim ra nim 1922) tng vdi n; = 4:n,=5:6:7;... nim trong mién hong ngoai xa

e dily Pfund (tim ra nim 1924) tng viny=5:n, =67, 8;. .. nim trong mién héng ngoai xa

Mdi day déu c6 1 gidi han vé phia séng dai (A”m) ng véi n; c6 gid tri nhd nha't va | gidi han vé phia
séng ngan (Auin) ng v@ing = o0
[-4/ M3 rong thuyét Boh1 cho cdc ion tudng tu nliv Hidrd (ion hygrogenoit)
CatiomHe 12 Bel™ ; . . ."c6 cau trlic tuong 6 ik gdm 1 hat nhin (cé dién tich
+Ze) va 1 electron . Do do 6 thé ap dung thuy€&t Bo | cdch tuong tu cho cdc ion nay, bang cdch :
o thay thé e bdi Ze® trong biu thic cia luc Coulomb va bdn kinh qui dao

o thay th€ e’ bdi Z2 ¢’ trong biéu thic clia nang lugng va s song

s Nguyén tif H : Ion hydrogenoit
nh’ n’h?
| = = Ih = =5
kom e Kodl e
me' (1) m e i)
e ) 2 En = —\_)_T T
8egh” n’) Se e 0
] m(,e“ / ] | = m, FeoihA ]
Aot Moo et et~ R il
A 8s5in Lng ny A g BEGIITL R0

Mit khic quang phd cla cdc ion nay ciing gdm nhi¢u ddy vach. Vidu quang phd chia ion He' gém
4 diy vach. S6 séng ciia cdc vach c6 bicu thifc :

G 8 - ——‘; v6i Z =2
A o
-diy Lyman 1 : np=1: m=2 - diy Fowler nn=3; n =4
-diyLyman2 : mp=2; =23 -ddy Pickering: mn;=4; m 25

111 -Cac g ché kich thich nguyén t& chi y&u
I- Co ché va cham khong dan hdi loai |
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Electron dudc gia toc nhd 1 hiéu dién thé U s& c6 dong nang T =eU.

cham v4i nguyén t thi ¢6 thé xdy ra 2 trudng hop :

a) Néudong nang chia electron nhd han hiéu AE gitta trang thdi cd ban va trang thdi kich
thich gdn nhat thi va cham la dan hdi vi nguyén ti vin & trang thdi cd ban
b) N&u dong nang cua electron dd 16n thi va cham khong dan hdi loai 1 xdy ra theo sd do :

€nhanh + A » ar Ccham

Trong do nguyén t& A nhin ndng ludng tir electron (toan bd hoa
thdi kich thich A* c¢6 ndng lugng cao hon . Nguyén td chi tdn tai trong trang t

sau d6 chuyén vé trang thdi co nang lugng thdp hon va phdtra photon (ghi nhan bdi mdy quang phd) c6

budc song A

T AW:eU:%C = ﬂb:izi,zz(,&)

Cédc dén phéng dién nhu den Néon, den Natri .
cd ché& va cham khong dan héi loai |

9. Cg ché hip thu buc xa

U

. 6 co ché kich thich phdt séng 12

Dang photon c6 budc s6ng A chi€u vao hé nguyén ti dang d trang th4i binh thudng thi nguyén

9

ti ¢6 thé hap thu ning lugng € ciia photon va chuyén ]én trang thdi kich thich .

chuyén vé trang thdi c6 nang lugng thip hon va bic xa ning lugng dudi dang phdton c6 budc song A’ .

C6 thé xay ra 2 trudng hdp

a) Cong hudng : néu gilfa trang thdi cd bdn va trang
th4i kich thich khong c6 trang théi trung gian . Khi do nguyén

tir chuyén tir trang thdi Kich thich vé trang thdi cd ban va
phdt ra c6 budc séng A = A

e

b) Huynh quang: ne

phdton

u gitra trang thdi cd béan va trang

thii kich thich con ¢6 1 hay | 56 trang thdi trung gian . Khi do A
nguyén ti chuyén dan tir trang thdi kich thich vé trang thdi cd A
ban gua cdc trang th4i trung gian va photon phdtra cd budc sdng Ao

iRt (dinh ludt Stokes)

Céc den huynh quang hoat dong dua trén ¢4 2 cd ché kich thich trén

[V-Thi nghiém Franck — Hertz (1914)
Thi nghiém dudc Franck va Hertz thuc
hién hang loat dya trén cd ché kich thich bang
va cham khéng dan hdi gitra nguyén t va
electron gia toc vao nam 1914 ;sau khi Bohr “
¢ong bo 1i thuy€t vé nguyén t& Hidr6 .
Trong thi nghi€ém nhu hinh v& , khi hay hai
clia cdc nguyén td khdc nhau bi bin phd bdi cdc

| Tim den

Né&u cho cdc electron nay va

¢ 1 phin) va chuyén 1én trang
héi kich thich khoang 10™s,

Sau d6 nguyén tif lai dich

= % v Vﬂ =

L 4—

electron phdtra tf tim den F dugc gia téc bing hig¢u di€n thé U (c6 thé thay dditr O t8i vaitram von) .

Né&u bé qua vén tdc du cla cdc electron thi déng
ning T clia electron bing cdng cda luc dién trudng :
T = eU .Hiéu dién th€ Ugnhd (vai vén) cé tdc dung
ngin cdn cdc electron c6 déng nang qud nho téi andt,
chi cho phép céc electron cd nang lwgng 16n hon 1 gid
tri 18 thi€u nao d6 mdi co thé tdi dudc cuc gop tao
thanh dong dién I qua dién ké G

Khi ting dan U va quan sat s§ chicla dién k& G,
ngudi ta nhn thdy I ting din vi c6 nhiéu electron t6i
cuc gép .Tuy nhién khi U dat tgi 1 gid tri xdc dinh (khdc
nhau d6i v6i mdi loai nguyén tif) thi dong dién I bi sut
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giam dot ngot
Gii thich : - khi U nhd, electron ¢6 déng ning nhd, va cham giita electron véi nguyén tir khi hoic hdi
kim loai 12 va cham dan hoi, electron khong thay d6i dong ning va cé thé téi cuc gép tao ra dong dién I
ting dan

- Khi dong nang T du I6n thi va cham gilfa electron va nguyén tl 1a va cham khdéng dan héi
(loai 1). Khi d6 electron nhu@ng toan b hay 1 phan déng ning cho nguyén t dé kich thich nguyén td
1&n trang thdi (mic) ning lugng cao hon trang thdi (mic) cd ban. Do do s6 electron tdi cuc gép bi sut
gidm , nén I gidm . Khi d6 mdy quang phé ghi nhan sy xudt hién ciia vach quang phé c6 buéc séng A

2
nghiém hé thic A VI_ZSZ_ (A) .

I
Vi du d6i véi hdi Hg thi U, = 4,9eV thi A = 2536 A
Diéu nay ching té ring nguyén tl da bi kich thich 1én trang thdi ndng lugng cao han, va sau d6 chuyén
v& trang thdi cd ban va phat ra phdton. N6i cdch khdc thi nghiém da xdc nhdn trong nguyén ti c6 trang
th4i dirng nhu thuyét Bohr.

- Tuy nhién cdc sut gidm vé cudng do dong dién sau d6 ing véi Uy = 200 SU=a1 e 58 khong
phai ting vdi sy kich thich nguyén t& 1én cdc trang thai dirng cao hdn , ma chi 1a do electron ¢é dong ning
dti 16n c6 thé gay ra 2 hodc 3 va cham khong dan hdi lién ti€p
V- Su_hiéu chinh hing s6 Rydberg

V§i mdy quang phé c6 khd ning tdn sic cao,ngudi ta phdt hién ra co su chénh 1éch gitta gid tri li
thuyét va thuc nghiém cla budc séng clia cdc vach quang phé. Vi trong thuy&t Bohr dé coi nhu hat nhdn
nguyén tif diing yén va electron chuyén déng tron quanh hat nhan.

Gia thuyét nay khong phdi 12 v6 li bdi vi khéi lugng clia proton 16n gdp 1836 1an khoi ludng electron bé
gidi quyét su sai biét ndi trén can phdi cé | sy hiéu chinh

Goi my 12 khéi Iugng hat nhan ; me 1a khéi lugng cia electron
Kh&i tdm chung.clia hé 1a C . Khi d6 hat nhin khéng didng yén ma cling
quay quanh C v§i cling vin toc géc  nhu electron.

Bdn kinh qui dao ciia electron quanh khéi tim Ia r

Bén kinh qui dao clia hat nhdn quanh khéi tim la ry

Tacl Mele = MnTIN Va Te + IN=T m

oy

\
m 2 n,
Suyta: e = |—— |7 VA = | = lF
m, + m, m, +m,

Momen déng ludng toan phan cla nguyén ti H 1a tong momen dong lugng cta electron va cia hat

s & 5 = v, V‘,
nhin : mor’ + Mory =nh trongdé o= & =-"
r, 59
( B\
mm. 5
Hay | ——*—1lwr =nh
kmN +m,

b Y

Pit p= (f—"i”— | 13 kho'i luong thu gon clia hé (m, —my ) va ding dé€ thay th€ cho khdi lugng
/ + m )

ctia electron trong cdc biéu thic li thuy€t cia Bohr, suy ra :
B 3
En S #2 3 L 3
Se -\ 1
Vi 4 fin diy i 1836— 0,99945 . Do d6 ning lugng E s€ tang ( |E |g1am) khodang 0,055%.
m, m,+m, 1837

Khi d6 gid tri clia hiing s6 Rydberg ctia H sau khi hiéu chinh (thay m. bai ) la
Ry = 109.677,58 cm™
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Khdi niém vé kh6i lugng thu gon gill vai trd quan trong trong viéc phdt hién ra ddng vi deuterium
D=1H .Vico khai lugng hat nhin 1dn hon nén cdc vach quang pho ctia D bl dich chuyén nhe vé phia
budc séng ngin so véi H. Vi du vach H, ctia H cd budc song 12 6563A trong khi cda D 1a 6561A.

Sau diy 12 hiing s6 Rydberg cha lsonguyéntd:

N euyER o [uan S0 it 56 i Thvaen ocie e USrabent SR 401 b T e g
[ Ric )% | 10970740 900:109 31 7.5) 972227 1097288  109.730.7 |

-——————

vI- Thanh cong va han ché clia thuyét Bohr

“Thuyét Bohr d&-gép phin quan trong trong viéc phat trién If thuy€t & cu tao nguyén tif , ching 0
sy han ch€ cla vatli & dién trong thé gidi vi md, néu dudc inh chat lugng tif trong cdc hé vimd, gidi
thich dugc ngudn gdc cdc vach quang phd, xdc dinh nang lugng ng vdi cdc trang thai dung . . .

Tuy nhién thuy&t Bohr khong thé coi 1a 1 Ii thuy&t hoan chinh vi trong qud trinh tri€n khai Ii thuyét
da st dung cdc tién dé lugng tr  ddng thai lai k&t hgp vdi cdc li thuy&t cd dién

Ngay ddi véi nguyén t& Hidré, thuy&t Bohr ciing khong thé xéc dinh dugc cudng do, bé rong céc
vach quang phé; khong gidi thich dugc cdu tao tinh vi cua cac vach quang ph(”;. 2

Thuy€&t Bohr hoan toan that bai doi vdi cdc nguyén f khdc, nhtebel

Do doé thuye“:'t Bohr chi dugc coi nhtf 1 giai doan qud do dé di tdi Cd Lugng Tu Ja nganh cd hoc mdi ,
hoin chinh, ¢6 thé 4p dung cho moi hé vimd .
VII- MAu nguyén ti theo Sommerfeld

Khi dung mdy quang phé c6 nang uét tin sac cao nguoi la nhén thdy vach quang ph6 don sic (theo
Bohr) lai 1a 1 tdp hop cdc vach rit st nhau ‘Hién tugng nay goi la cAu tric tinh vi ctia vach quang phé bé
giai thich hién twong nay S{)mmerfeld cho rang electron co thé chuyén dong xung quanh hat nhdn trén cdc
qui dao tron hodc ellip :
Ung vai cung | s6 lugng trn ¢ thé c6 n qui dao khdc nhau, trong d6 chico | qui dao tron ban kinh
va n-1 quidao hinh ellip c6 "2 truc dai ava %2 truc ngan b; trén mbi qui dao thi electron s& cd 1 nang
lugng khac nhau . Do 4o ung vl I dich chuyén giffa 2 trang thdi nang luong bét ki s& la 1 tdp hop cdc dich
chuyén tao ra cu trdc tinh vi cua vach quang phé

Tudng ting v6i 2 loai qui dao, Sommerfield dua ra 2 s6 luong tr : ng (s6 Tugng tir phuong vi) van

(s6 lugng tir xuyén tm ) va goi n=ne T My 1a s& lugng tu chinh (n = 1250 )
; Mo Ll S e : bl
Kich thudc cua cac qul dao xdc dinh ol B, o 0§ —~
a n

New: iy =0 Wl b="a qui dao tron
Néu n, <n thi b<a: qui dao ellip
Mit khdc b#=0,do dé ne # Ova cécdcgiatritr 1,2,..., 1 tie 12 ¢6 n gia tri twong (ng véi
n qui dao khdc nhau. Nhu vay n, xdc dinh hinh dang va kich thudc quidao ; ne cang nho thi qui dao cang
det
Chd y : Sau nady can cir trén két qua thuc nghiém vé quang phé , s0 lugng tr n, dugc thay thé boi |
va golla s6 luong tr phu hay s6 lugng tu qui dao: [=ne -1
Nhu vay [ cling c6 n gia s L= 0 s ]
Qui dao ung v6i 1 =0goila quidaos ( electron tuong {tng cling goi la electron £)
Qui dao Umg v&i [ =1 goi 1a quidaop ( electron tudng Ung cling goi l1a electron p)
Qui dao tng Vi [ =2 goi la qui dao d ( electron tudng Ung cling goi la electron d)
Qui dao img vai [ = 3 goi 1a qui dao f ( electron tuong Ung ciing goi la electron Vet
Ung véi 16 lugng tir chinhn s& ¢6 n qui dao hop thanh 11p . Kich thudc cla cdc qui dao trong
e

cing 1 16p dudc déc trung bdi s lugng ti n . T hé thic: —=—=="—"= ta thdy
a n ¥
: ) oo i . ; .
Khil=0 thib= = 3 khil=1 Wb — -~ Ghil—2 dib=22 . .. .vikhil=n-1 thib=a
n n n

Nhu viy s8 lugng t phu | dac trung cho hinh dang clia qui dao va xdc dinh momen dong lugng qui dao
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Tuy nhién gid tri cua %2 tryc 16n a theo tinh todn cia Sommerfeld lai tring v6i ban kinh qui dao dtng
r trong li thuyét Bohr. Mat khdc nang lugng cua electron trén cdc qui dao tron va ellip ing véi ciing | gia
trin lai gif)ng nhau va c6 clng biéu thic tuong tu nhu ndng luong E, trong thuyét Bohr , nhur vay khong
thé giai thich dugc cu tric tinh vicla vach phé.

Dé khic phuc nhugc diém ndy, Sommerfeld thuc hién su hiéu chinh khéi lugng electron theo thuyét
tuong déi (trén qui dao ellip khi electron tién dan vé phia hat nhan thi van téc sé tdng nén khéi luong cua
nd s& ting theo thuyét tvong ddi, va ban kinh chinh khic s& nho dan.

Mat khdc qui dao cla cdc electron s& khong khép kin nita ,ma ¢6 da ng
nhu hinh v&. Chuyén dong clia electron ¢é thé dudc bi€u dién nhy |
chuyén dong tu€ sai theo | qui dao phdng kin vdi vin t6¢c géc xdc dinh.
Pdng thdi vi nang lugng phu thude vao khéi lugng va sy bién thién clia
vén tdc ,kh6i lugng cing 16n khi qui dao cang det,nén trong cing 1 16p
thi ndng lugng ciia electron trén cdc qui dao sé c6 gi4 tri hoi khdc nhau.
Su hiéu chinh nay dan t6i két qua la nang lugng cua electron s€ phu thudc

vaoca 2 sb lugng tor n va n,, c6 biéu thic gin ding :
E B

Trong d6 E, 14 biéu thuc nang lugng theo thuyét Bohr
e 1a sb hang hiéu chinh c6 gi4 trj rit nho

@z 8
e -
n \/+1 4n
oo 27e’ Y z el i P 2
Vit o= , = hing s (goi la hang sG cau tric tinh vi )
G
Nhu vy tmg véi 1 s6 luong tirn , thay vichi co | trang thai (mic) nidng lugng theo thuyét Bohr | thi
s€ co n trang thdi nang luong rat gan nhau va do d6 vach phé cé cu tritc phiic tap (tinh vi)
Cdch gidi thich nay clia Sommerfeld trong 1 56 trudng hgp khdng hodn todn pha hgp véi thuc
nghiém. Trén thyc té€.ciu triic tinh vi cGa vach quang phd.chi ¢6 thé dugc gidi thich dva viao quan diém
vé spin electron.

BAI TAP

1-Ttr hé thac tén xa cua Rutherford cotan g ST, kale | trong do 6 1a géc tan xa ; b 1a tham sb va cham ;
Ta 12 dong néding cia hat a ) suy ra gioi han trén cta ban kinh hat nhan
2- Vi€t bi€u thifc cla vén t6c v, gia toc a clia electron trén qui dao dirng thit n trong nguyén tir Hidrd
3- Nguyén tlf ton tai trong trang thdi kich thich khodng 10 s. H3i electron trong nguyén tir H c6 thé
quay bao nhi€u vong trén qui dao dirng n = 2 trude khi chuyén vé trang thdi co ban.
4- So sénh gi6i han s6ng ngdn va dai cda diy Lyman va Balmer ctia Hidro.
5-Tim ndng lugng t6i thi€u can d€ kich thich nguyén t&r H (dang & trang thdi cd ban) dé nguyén tif phdt ra
a) Vach H b) 10 vach quang phd '
¢) Vach t ngoai dau tién trong day Balmer d) tat cd cdc diy quang phé
6-Néu thuc hién qud trinh kich thich nguyén tir H dé no phat ra vach hong ngoai dau tién bing :
a) cd ché& va cham khéng dan héi loai 1vdi electron gia t6c. Cho vp = 0 . Tim thé gia téc electron
b) cdché hip thu bitc xa. Budc séng A cda biic xa phai thda diéu kién gi?
7- Kich thich nguyén tir H (dang & trang thdi co bdn) bing ning lugng 12,74eV thi nguyén tif chuyén
[€n trang thdi dirng nao ? Trong di€u kién dé nguyén ti c6 thé phdtra cdc vach trong diy quang
phd ndo - '
8- Tir thuyét Bohr suy ra :
a) bdn kinh qui dao dirng bé nhit ciia ion Li** (Z = 3)
b) tim van tSc¢ va gia tdc cla electron trén qui dao d6
¢) Tinh ndng lugng ion héa va thé ion hod cta ion nay . Coi nhu Ry; = Ry
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9-a) Chuyén ddi niao trong quang pho cia He' Ia tudng dng vdi vach thi 1 trong ddy Lyman ciia Hidro
n€u coi nhi Ry, ~ Ry, . Chuyén doi d6 tng v6i vach quang phd nao cia jon He'
b) Dung gid tri ding clia Ry va Ry , suy ra sai biét vé bugc song cla 2 vach d¢
Cho Ry=109.677,58cm ; Ry = 109.722.27 e

10- Vach thir 2 trong ddy Fowler cua ion He* tuong Gng vai vach quang phd nao cna Hidro )

I1- Vach thir 2 trong day lyman cta H tuong tng véi chuyén doi nao trong quang pho coa ion Li*" (£=3)

12- So sanh budc song dai nhit va ngan nhat trong day Pickering ctia ion He”

13- Ung v6in =3 thi electron trong nguyén tt H ¢6 thé ¢6 cic qui dao dirng nao theo thuyét qui dao
ellip ctta Sommertfeld . Tinh gia tricta Y2 truc I6n a va 1% truc nho b cha qui dao ellip . Biéu dién cdc
qui dao dé bang hinh vé

14- Theo quan diém cua Sommerfeld vé thuyét qui dao ellip thi vach Hy trong quang phé cia nguyén tr H
c6 cau tric phirc tap nhu thé nao?
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