CHUONG II

CAU TAO NGUYEN TU VA HE THONG
TUAN HOAN CAC NGUYEN TO HOA HOC

Cho dén giita thé ky X VIII nguoi ta cho rang nguyén tir 1a hat nho nhat cau tao nén vét chat
va khong thé phan chia nhé hon nita. Nhung dén cudi thé ky XIX nhiéu cong trinh khoa hoc thuc
nghiém da ching t6 rang nguyén tir cd cau tao phuc tao tir nhi€u loai hat co ban khac nhau.

I. Nhiing co sé vét ly nghién ciru cau tao nguyén tir
1. Thanh phan nguyén tir
Nho nhimg thanh tyu cta vat ly hoc, cac nha khoa hoc da khang dinh rang nguyén tir gdm
hai thanh phan chinh la electron va hat nhan nguyén tr.
1.1. Electron (ky hiéu 14 e): Vo nguyén tir gdm cac electron
- Khéi luong cua e eclectron
=9,109.10%g = L dvC
o 1837
- Dién tich cua electron:
ge =-1,602.10"C
Dién tich cua e 12 dién tich nho nhit da gap nén n6 dugc chon lam don vi dién tich.
ge = -1 don vi dién tich hay = -1
1.2. Hat nhan nguyén tir

La phén trung tim cua nguyén tir, gdm cac hat proton va neutron. Hat nhan mang dién tich
dwong, sb don vi dién tich duong cua hat nhan bang sb electron trong vo nguyén tir. Khdi luong cua
hat nhén x4p xi khdi lwvong nguyén ti.

- Proton (ki hi¢u p)
Khéi lugng: m, = 1,672.10% = 1,008 d.v C
bién tich :q,=1,602.10"C=+1

- Neutron (ki hi€u n)
Khéi lugng: m, = 1,672.10%g = 1,00 dvC
Neutron khong mang dién

2. Thuyét lwong tir planck
Néam 1900 Planck da trinh bay quan diém luong tir dau tién va cho rang: "Anh sang hay birc
xa dién tr n6i chung gom nhitng lugng tir nang luong phat di tir ngudn sang".

C
E=hv=h—
A
Trong d6 E: lugng tir nang luong

h: hang s6 Planck (h = 6,625.10%* J.S)
V: tan sd cta burc xa

A: budc song birc xa

C: toc d9 anh sang
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Budc song cang 16n thi tan s6 song cang giam va nguoc lai, E goi 1a lugng tir nang luong vi

v6i moi birc xa du phat ra hodc hip thu déu bang mot sb nguyén lan cua E.
2.2. Hé thirc trong ddi Einstein (1903)

Nam 1903 Einstein da tim ra mdi quan hé giira van toc va khdi lugng ctia vat chuyén dong

véi nang luong cua n6 qua bicu thirc".
E =mC?
Két hop vai trudc ta co:
E= h/‘g 0 mC? = h/‘g

mC = h hay) = e
A mC

A 1a budc song cta blic xa, A cang 1on thi tan sd song cang bé, nang luong cang nho va
nguoc lai.

3. Bdn chat séng va hat ciia ecletron
3.1. Mau nguyén tir Bohr (1913)

Béng vigc ap dung df‘mg thoi ca co hoc ~cé) dién va co hoc luong tir khi nghién ctru cAu tao
nguyén tir nam 1913, Niels Bohr da xay dyng mau nguyén tir voi ndi dung sau:

- Trong nguyén tur electron chuyén dong trén nhitng quy dao c6 ban kinh xac dinh. Khi
chuyén dong trén cac quy dao nay nang luong cua elctron dugc bao toan.

- Mdi quy dao ung voi mdt muc nang luong cla electron cang xa hat nhan thi nang lugng
cua electron cang cao.

- Khi electron chuyén tir quy dao nay sang quy dao khac né s€ thu hodc phat ra nang luong
bang hiéu gitra 2 mirc dudi dang mot birc xa co tan sd v.

E=hv=E,-E,

Vay: chuyén dong ciia electron trong nguyén tr gan lién v6i viée thu hodc phat ra ning

lugng dudi dang birc xa nén electron cling co tinh chat song va hat nhu bre xa.
3.2. H¢ thuc De Broglie (1924)

Khi phat biéu vé thuyét luong tir, 1924 De Broglie da néu gia thuyét "khong chi co birc xa
ma cac hat nho trong nguyén tir nhu e, p cling ¢6 ban chat nong va hat, dugc dac trung bang budce
song xac dinh".

o
my
Véi:  m: khéi luong cua hat
v: toe do chuyén dong cua hat

Nhimg nghién ctru vé sua cho thiy gia thuyét ciia De Broglie la dung dan. Vi electron cing
co ban chat nong va hat nén moi phuong trinh m6 ta chuyén dong cua electron phai thoa mén dong
thoi cd hai tinh chat do.

3.3. Hé thirc bat dinh Heisenberg (1927)

Tur tinh chét nong va hat cia cac hat vi mo, 1927 nha vat ly hoc Buc Heisenberg da chiing
minh nguyén Iy bat dinh.

"V¢& nguyén tic khong thé xéc dinh dong thoi chinh xéc ca toa d§ va vén toc clia hat, do d6
khong thé xac dinh hoan toan chinh xéc cac quy dao chuyén dong cta hat".

Néu goi sai s6 ctia phép do Véﬁ tdc do cua hat theo Phu’ong x 1a Av, va sai s6 ctia phép do
tao do theo phuong x la Ax thi ta ¢6 bi€u thirc ciia h¢ thirc bat dinh 1a :
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h
AxXAv, = —

m
Trong d6 h: hang sb Planck
m: khéi luong ciia hat
Theo biéu thiic nay ta thdy Av, va Ax bién thién thuin nghich véi nhau. Néu Ax cang nho
(Ax — 0) nghia la cang xac dinh chinh xac vi tri cia hat thi Av, cang l6n (Avx - L), nghia la
khong the xac dinh chinh x4c gia tri toc do cua elctron.

II. Ham song va phuong trinh song cua electron

Céng trinh ctia De Broglie da dat nén méng cho mdt mon co hoc méi ding dé mé ta chuyén
dong cta cac hat vi m6. Nam 1925 - 1926, Heisenberg va Schrodinger doc 1ap nhau da dé ra 2
phuong phap ciia mon co hoc ndy va déu dat két qua nhu nhau nhung phuong phap cua
Schrodinger don gian hon nhiéu. Mén hoc méi dua theo phuong phap Schrodinger mo ta chuyén
dong cua céc hat vi mo gol‘la mon co hoc lugng tir. Cac két qua thu duoc ciia moén co hoc nay khi
ap dung cho céc h¢ vi mo déu phu hop vai thuc nghiém.

1. Ham song ()

Trang thai chuyén dong cta hai vi mé dugc mo ta bé‘mg ham sd W (x,y,2,t) 1a mot ham xac
dinh, don vi va lién tuc goi 12 ham song.

- Y nghia vat Iy ctia ham song;

Ta khong thé x4c dinh chinh x4c electron c6 mit & toa 46 nao nhiing co thé biét xac suit tim
thay electron nhi€u nhat ¢ viing ma phan lon thoi gian electron c6 mat & do.

Vi ham song Y (x,y,z,t) ¢6 thé 1a ham thyuc hodc phirc nén né khong co ¥ nghia vat Iy truc
tiép. Chi ¢6 binh phuong modun ctia ham song la |WP (thyc va ludn ludn duong) méi cd ¥ nghia 1a
mat do xac xuat tim thay hat tai toa do tuong ing.

IW(x,y,z,)> dT cho biét xac suat tim thay tai thoi diém t trong nguyén t6 thé tich dT c6 tim
1aM (x,y,2).

Hinh anh ciia ham mat d x4c suat trong khong gian goi 1a dam may dién t.

Ham séng phdi thod mén cdc diéu kién sau:

- Ham song phai don tri (tai mdi diém trong khong gian tmg véi toa d (x,y,z) chi c6 mot
gia tr1 duy nhat dé cho xéc suat tim thay electron tai d6 chi c6 mot gia tri tuong ng).

- Ham s6ng phai hiru han va lién tuc (nghia 1a khong thé bang 0 & bat ky toa do nao nhung
cd the bang 0).

- Ham song phai thoa man diéu kién:
+0

Y |dr=1
JDIIT

v Pé cho tong x4c sudt tim thiy electron tir -0 -+ phai ludn ludn bang 1, goi 1aham song
déchuan hoa
2. Phuong trinh song Schrodinger
Pé tim dugc ham séng md ta chuyén dong ctia hat vi mo thi phai giai phuong trinh séng goi
1a phuong trinh Schodinger. D6 1a phuong trinh co ban cta co hoc lugng tir dugc nha vét Iy ngudi
Ao Schrodinger dua ra ndm 1926.
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D6 1a phuong trinh vi phan bac 2 ciia ham ) ¢6 dang nhur sau d6i véi hat (hay hé hat) &
dang thai dung:

h2
E- : A+VHL|J:EMJ(*)
8T “m

Trong do: -V: thé ning cua hat tai toa d0 x,y,z
E: ning luong toan phan clia hat trong toan hé
i 4’ 0
2 t 2 t 2
0x* 07y 0°z

A: toan tir Laplace: A =

m: khéi luong cua hat

Trong trudng hop tong quat c6 thé viét phuong trinh Schrodinger dudi dang: HY = EW

* Trang thai dung la trang thai ma nang luong cua hé khong phu thude thoi gian nghia la E
cua hé khong doi.

Khi gidi phuong trinh Schrodinger ta s€ thu dugc cic ham song P mo ta cac trang thai
chuyén dong cta electron trong nguyén tir va cac gia tri nang luong E Umg vdi cac ham Y do.

3. Két qua gidi phwong trinh séng Schrodinger

Bai toan don gian nhat duoc cac nha khoa hoc thyc hién 13 bai toan cia nguyén tir hydrd.

Sau khi xay dung ham thé ning va dura vao phuong trinh (*) nguoi ta giai phuong trinh nay
va thu dugc ham song Y n,l,m; nghiém cta phuong trinh séong mo ta trang thai chuyén dong cia
electron nguyén tir goi 1 orbital nguyén tir.

Khi giai phuong trinh ndy, ngudi ta nhan dugc ddng thoi cac cap nghiém E va @ cling cac
dai lugng vat Iy xac dinh ham W, dac trung cho trang thai va vi tri chuyén dong cta electron trong
nguyén tir do 1a cac so luong tirn, 1, m.

Ung véi mét gid tri cua E c6 mot ham song Y, mdi t6 hop (E, P) dic trung cho mot trang
thai ctia electron.

Trudng hop nhiéu ham ) ciing Gmg véi mot gia tri nang luong E thi ta goi 1a ¢6 su suy bién
nang luong.

* Chu y: Phuong trinh Schrodinger chi giai dugc chinh xac voi nguyén tir hydro va céc ion
don nguyén tu giong hydrd. Con v6i cac nguyén tir nhi€u electron thi phai sir dung cac phuong
phéap gan dung.

4. Cdc s6 leong tir va y nghia
Khi giai phuong trinh Schrodinger nguoi ta thay xuat hién cac s luong tir xac dinh ham ),
ching xuat hién do cac dié}l kién toan hoc dé bai toan cé nghiém chir khong phai boi ap dat, cac
ham ) phu thudc vao cac so lugng tir nay.
4.1. S6 luong ttr chinh (n)
- V& tri s6: nhan céc gia tri nguyén duong: 1,2 ... 0
- V& ¥ nghia: xac dinh ning luong ciia electron

21 *me’

E.=-
n’h*
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Trong do: n: s luong tir chinh
m: khéi luong ciia electron
e: dién tich cua electron
£ 21 *me* i R
NéuthayR=——— tac6E=-—

2
h? n

Ta thdy voi n cang 16n thi niang lurong E cang 16n, electron cang & cach xa nhan.
Nhiing electron ¢6 cung gia tri n tirc la cing murc nang luong tao thanh mot 16p electron.

S6 luong tir chinh n | I 2 3 4 5 6 7

Mtc nang lugng tuong
ung

4.2. S6 luong tir orbital (1) (s6 luong tir momen goc)
- Vé tri s6: 1 nhan cac gia tri nguyén tr O dén (n - 1). Ung voi mot gia tri cia n thi ¢6 n gia
tri cua l.
- V& y nghia: X4c dinh hinh dang va tén ctia orbital. Nhiing electron c6 cting gié tri 114p nén
mot phan 16p va c6 nang lugng nhu nhau. Lép thir n ¢6 n phan 16p.

S6 lugng ti orbital () | 0 | 2 3 4
Phan 16p | s D d £ g

Pé phan biét ning luong ctia cic phan 10p cing tén nhung khac 10p ta ghi thém gid tri s6

lugng tir chinh ¢ trude ky hiéu phan 16p: vi du: 1s, 2s, 2p, 3s ...
4.3. 6 luong tir tir my:

- Vé tri s6: 12 mot s6 nguyén co gia tri tir -1 dén +1 ké ca gia tri 0.

+ V&1 mot gia tri cia 1, thi my ¢6 (21 + 1) gid tri.

Vidu: I=1;mco3giatrila-1,0,1
1=2;mcoS5giatrila-2,-1,0,+1,+2

Mot gia tri cia my; g vo1 mat orbtal (AO)

- V& ¥ nghia: dic trung cho sy dinh hudng ciia orbital trong khong gian chung quanh hat
nhan.

Tom 1@i3 khi giai phuong trinh Schrodinger, nguoi ta tim thdy 3 s6 lugng tir ddc trung cho
trang thai chuyén dong cua electron trong nguyén tir va tim dugc ham soéng Y nm goi 1a orbital
nguyén tir, ky hiéu AO. Ham nay phu thudc vao 3 s6 lugng tir n, I, m;. Bg ba s6 Iuong tir n, 1, m; xéac
dinh mtrc nang luong (theo n); phan muirc ning lugng (theo 1) va hudng cua orbital trong khong gian
(theo my).

Céc sb luong tir nay ¢6 quan hé phy thudc nhau va chi phdi 1dn nhau. Tir n ta biét s gié tri
cua 1, tir d6 biét sb gid tri cua my, suy ra s6 AO c6 trong phéan 16p va co trong 16p do.
4.3.86 luong tlr tlr spin my
Ngoai 3 sb luong tir trén, khi nghién ctru cau trac tinh t& cta cac pho nguyén tir, nguoi ta

thay can phai bd sung mot s6 lugng tir nira 13 s6 lugng tir tir spin m; dé c6 thé mo ta mot cach duy
nhat chuyén dong cta electron trong nguyén ti.
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V& gia tri: chi nhn mot trong 2 gia tri +1/2 hay -1/2 va khéng phu thudc gi vao cac sd
luong tir trén.

vé y nghia: dac trung cho d6 dao dong tu do cua electron déc trung cho chuyén dong ndi tai
cua electron gan véi momen dong luong riéng cua electron.

Trong tir trudng ngoai trang thai m, = +1/2 ¢6 nang luong thap hon.
5. Nang luong cua electron
Khi giai phuong trinh Schrodinger cung véi Y, ta nhan dugce cac gia tri nang luong E twong
ung. V61 nguyén tir hidrd, nang lugng ctia cac AO nguyén tir dugce tinh theo biéu thirc:
21 °me’?
YR

O day nang luong cua electron 13 nhig gié tri gian doan phy thudc vao sb luong tir chinh

E,

Khi n cang 16n, thi electron c6 ning lugng cang cao.

Nguoi ta ding cac chit cai K, M, N ... d&é ky hiéu cac mirc ning luong tng vdi cac sb lugng
trchinhn=1,2,3,4 ...

II1. Orbitan nguyén tir - hinh dang cac orbital nguyén tir
1. Khdi niém vé orbital nguyén tir (A0)
AO 13 ham séng mo ta trang thai chuyén dong cua e trong nguyént tr, duoc biéu thi bang
ham Yx,l,me.
Vidu: voin=1,1=0, m tacodham Y ;oo tng véi AO 1s.
voin=3,1=2tacdham Y5, [ AO 3d
Tom lai - mdi gi tri cia m, tmg v6i 1A0
-m@tgiétricﬁancéngiétlicﬁaltfrl=Odén1=n- 1.
- mot gia tri ctia 1 co (21 + 1) gia tri cia m. va do do co6 (21 + 1) AO khéc nhau.

Viy g voi mot gid tri cia n (16p n) sé AO c6 trong mbi 16p 1a:

(n-1)

Z(2l+l):n2

Vay 16p thire n c6 n* AO

Vidu: Chon =3, hdi co bao nhiéu l6p, phan 16p, AO.

- C6 1 16p electron la 16p thir 3 (M) vin =3

-1=0, 1,2 nén ¢o6 3 phan 16p: s, p,d

- V6i mét gid tri ctia 1 thi c6 m. c6 (21+ 1) gia tri nén s6 AO trong cac phan 16p 1a:
Phan I6p 1 (1=0) c6 1AO
Phanlop 2 (1=1)c6 3 AO
Phan 16p 3 (1=3) c6 SAO

hay & 16p thir 3 s6 AO nguyén tir 14 32 = 9A0

) Trén mdi AO c6 thé chira tdi da 2e” ¢6 spin dbi song (£1/2) vay trén 16p n c6 n?AO va chira
t0i da 2n” electron.
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2. Hinh dang cac electron
Hinh dang cdc AO nguyén su phu thudc vao ham Y n,l,m, va ky hi€u theo ) lugng tir I: s,
p,d f,g...
Trong h¢ toa dd x, y, z cac orbital s, p, d ma hinh anh cua no6 la cdc dam may dién tr co
dang nhu sau:
2.1. AO s (xac dinh boi 1 = 0; m; = 0): ¢6 dang hinh cau, tim 13 hat nhan nguyén tr, ham s
ludn luon duong vé moi phia cua truc toa do.

+

2.2. AO p (Xéc dinh béi 1 = 1; m= -1, 0, +1 (Py, Pz, Px) la nhimg cip hinh cau tiép xiic vi
nhau ¢ diém goc tAm nam trén cac truc toa do.

Cac ham Yp ludn ludn dung vé phia duong cta truc toa d6 va am voi cac gia tri toa do 4m.

Px (l’l’l] :1) Py (m1 = -1) Pz (m] = 0)
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2.3. A0 d: x4c dinh boi 1=2, m;=-2,-1, 0, +1, +2
Cac AO d trir dz* déu duoc biéu thi bang hinh hoa thi 4 canh.

m | 2 0 1 1
AO | dx?-y? dxy dz? dyz dxz
X
A X A X
+
- - N + N +
>
y . .
+ y z
o Sy o Ny
(m,=2) (m =-2) (m; =1)
Ay

S (my=-1) (m=0)

IV. Nguyén tir nhiéu electron - sw phin bd electron trong nguyén tir nhiéu
electron
’ Bai toan vé nguyén tur nhiéu electron phirc tap hon nhiéu so véi bai toan ctia nguyén tir
giong hidro6 khi d6 moi electron khong nhiing chiu lyc hut ctia hat nhan ma con chiu luc dﬁy cua cac
electron khac. Vi véy viéc giai chinh xdc bai toan bang phuong phap giai tich 1a khong thé dugc nén
nguoi ta dung cac phuong phap gan dung. Tur d6 xay dung dugc cac ham soéng va phuong trinh
song nay va thu dugc cac ham cé dang tuwong tu cac AO cta nguyén tir hydro.
1. Khdi niém vé I6p, phan I6p va 6 heong tir
- Lop: trong nguyén tir cac electron ¢ cung sd luong tir chinh n tao thanh mot 16p
electron goi 1a 16p n. Lép n duoc ky hiéu bang cac chir cai K, L, M, N ... ing vd&i cac gia tri
caian=1,2,3,4, ...
- Phan lop: mdi phan 16p gdm cac electron c¢6 cing s lwong tir 1 ma mdi gia tri ciian co n
gid tri ciia 1 nén moi 16p cd n phan 16p.
Lép K co 1 phan lop: 1s
Lép L ¢6 2 phan 16p: 2s, 2p
Lép M ¢6 3 phan 16p : 3s, 3p, 3d.
Va:
Cac electron cung c6 1 = 0 hop thanh phan 16p s
Cac electron cung c¢6 1= 1 hgp thanh phan 16p p
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Céc electron cung c6 1 = 2 hgp thanh phan l6p d
Céc electron cung c¢6 1= 3 hop thanh phan 16p £
Pé chi mot phan 16p thudc 16p ndo ngudi ta ding ky hiéu ns, np ... Vi du: 2s, 2p.

- O luong tir hay orbital: cac electron ¢6 3 sb lugng tir nhu nhau (n, 1, my) c6 trang thai
chuyén dong orbital giong nhau tao thanh mét AO va dugc x€p vao mot 6 lugng tir - moi 6 lugng tir
dugc ky hi€u bang mdt 6 vudng nho.

S6 6 lugng tir trong mot phan 16p bang s6 cac tri sé m; img véi gié tri 1 da cho.
Vidu: -Phanlopscol=0,m.=0 [ c6 16 luwong tir L
-Phanléppcol=1,m.=+1,0, -1 ¢6 3 6 lwgng tor LICILT
-Phanlépdco1=2, m.=+2,+1,0, -1, -2 c6 5 6 lwong tr AILICICIC]
2. Céc qui ludt phén b6 electron trong nguyén tir nhiéu electron
2.1. Nguyén ly Pauli
Noi dung: "Trong nguyén tir khong thé ¢6 hai hay nhiéu electron cé ciing 4 s6 luong tir".
- Cac electron trong mot 6 lugng tir c6 3 ’Sé luong tir n, 1, m. giéng nhau nén s6 luong tir m,
phai khac nhau (+1/2 va -1/2) do d6 so6 electron t61 da trén moi AO 1a 2e".
Hai electron ndy c6 spin trai diu nhau va dugc ky hiéu bang hai mili tén ngugc chiéu nhau:
t ung voims =+1/2 va | ung véi ms =-1/2
- Trong mét phan 16p tmg voi s6 lugng tir phu 1 ¢6 2(1+1) AO nén chira t6i da 2(21 + 1)
electron. vay so electron t6i da trong mot phan 16p 1a 2(21+1) electron.
Taco: Phan lop s pd f
Sdelectrontdida 2 6 10 14
- Lop thtr n ¢6 n?AO nén trong mbi 16p co t6i da 2n’ electron.
Vidu: n=2 c6 sb electron tdi da 1a: 2.2% = 8¢"
2.2. Nguyén ly viing bén
2.2.1. Noi dung: "Trong mét nguyén tur 0 trang thai co ban, cac electron s& xép vao cac phan
16p 6 mirc nang lugng thap trudce sau d6 mai xép sang cac phan 16p c6 mirc nang lugng cao hon. »
Nang luong cua cac phan 16p duge xac dinh qua viée giai phuong trinh Schrodinger. Tir do,
Klechkowski d sép xép cac phan 16p theo thir tw mirc ndy lwong ting dan.
2.2.2. Qui tic Klechkowski
Trong nguyén tir, ning luong cua cac phan 16p electron ting dan theo thir tur sau:
Is 2s 2p 3s3p 4s 3d 5s 4d 5p 6s 4f 5d 6p 7s...
Theo quy tic nay thi electron duoc dién vao cac AO c6 gia tri (n + 1) nho trude, néu 2 AO
co cung gia tri (n + 1) thi electron s€ diéu vao cac AO cd gia tri n nho trudc.
Vi du: electron duge dién vao AO 4s trude AO 3d.
C6 thé mo ta qui tic Klechkowski nhu sau:
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1s

2.3. Qui tic Hund
2.3.1. Qui tic Hund 1 (qui tic tong spin cuc dai)

"Trong nguyén tir & dang trang thai co ban, cac electron thudc cung mot phén 16p s€ duoc
phan bo déu vao cac 6 luong tir sao cho tong spin S ctia ching 1a cuc dai (tong so electron doc than
la cuc dai)".

S = 3m;
Vidu: Nguyén tir N (z=7) c6 cau hinh: 1s> 25> sp’
C6 thé phan bd electron vao cac 6 lugng tir theo cac cach sau:

@ | M H A Téng s6 spin S =+1/2

) Tong s6 spin S =+3/2 (¥)
1l T 1 1 1

@) |1y Tl

Tong s6 spin S = -3/2

Vay cach phan bd thir 2 phit hop véi qui tac Hund 1
2.3.2. Qui tac Hund 2:
"Trong mét phan 16p cac electron ¢6 khuynh hudng dién vao cac 6 lugng tir co sb lugng tir
m; c6 gia tri 16n nhat trudc".
Viduy: Trang théi co ban cua nguyén tir F (z=9) la trang thai.

0 0 +1 0 -1
T T T 11 1
Is 2s 2p
Chir khong phai 1a trang thai
0 0 -1 0 +1
Tl Tl I I
Is 2s 2p

2.4. Céch biéu dién ciu tao vo electron. Cau hinh electron ctia nguyén tir

- CAu hinh eletron ctia nguyén tir duoc dung dé mé ta cac electron phan bd nhu thé nao vao
céc 16p, phan 16p trong nguyén ti.

C6 2 céch biéu dién:

Céach 1: Dang chit vi du O (Z = 8): 1s* 2s* 2p*

Trong do céc sb dimg trude 1, 2 chi s6 thir ty ctia 16p n = 1,2, cac chit s0 s, p chi cic phan
16p, cac sO6 mil chi so electron c6 trong phan 16p.

Céch 2: Dang 0 luong tir: O (Z = 8)

1l Tl 1l 1 1
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Cach nay con cho biét s6 electron doc than trong nguyén tir va nguyén tir & trang thai co ban
hay trang thai kich thich.

Dura trén cac qui tic va nguyén 1y trén d& dang viét dugc cau hinh electron cia nguyén to.

Vidu:

Céu hinh electron ctia mot sb nguyén t6 ¢ trang thai co ban.
- Dbi voi 20 nguyén t6 dau (Z =1 — 20) cau hinh electron tring véi thir tu murc ning luong
(qui tac Klechkowski).

- Bt dﬁu’tir nguyén t6 Z = 21 tr¢ di do c¢6 sy chén mirc ning lugng nén cau hinh electron
cua cac nguyeén to tir phan 16p 4s tro di khong con trung voi thir tr mire nang luong (do do dé viet
dung cau hinh trudc hét viét theo thir tv mirc nang luong sau do chuyén thanh cau hinh theo 16p
electron).

Vidu:

Fe (Z =26).

Theo thir ty mirc nang lugng
1s? 2s* 2p° 3s? 3p° 4s? 3d°
Cau hinh electron

1s? 2s% 2p° 3s? 3p°® 3d° 4s?

- Khi mot AO c6 di 2" ta noi cac electron da ghép doi, néu chi c6 mot electron thi electron
do6 1a doc than.

Céc truong hop ngoai 1€ :

, Do cau hinh d"* (bdo hoa) va d° (ban bdo hoa) bén, c6 ning luong thap nén cac nguyén tir ¢
cau hinh (n-1)d’ns* s& chuyén thanh cau hinh (n-1)d"ns' hay cau hinh (n-1)d*ns® s& chuyén thanh
(n-1)d’ns’.

Vidu:
Nguyén tir Cau hinh electron
Cr(z=24) 1s? 2% 2p° 3s* 3p° 3d’ 4s!
Cu(z=29) 1s? 2s% 2p° 3s* 3p°® 3d"° 4s'

V. Céu tao hat nhin nguyén tir - dong vi
Hat nhan nguyén tir 1a thanh phan co ban ctia nguyén tir, gdm cac proton va cic neutron.
Trong cac bién do6i hod 1y, néu hat nhan van nguyén ven thi ban chat ctia nguyén t6 duoc bao toan.
Néu hat nhén bj bién di thi nguyén tir ciia nguyén td nay s& chuyén thanh nguyén tir ciia nguyén 6
khéc.
1. Céu tao hat nhdn nguyén tir
Hat nhan mang dién tich duong. S don vi dién tich hat nhan bing sb electron cua
nguyeén tur.
Hat nhén c6 khéi lugng xap xi khdi lugng nguyén tr va co thé tich rat bé so Vol thé tich cta
nguyén tr gdm cac proton va cac neutron. Néu goi s proton trong hat nhan 1 Z va s6 notron 1a N
thi khdi lugng ciia hat nhan xap xi bang khéi lugng nguyén tir.

A=7Z+N
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2. Hién twong d&ng Vi
) Nhimg nguyén tir c6 cung dién tich hat nhan (cung s& proton) nhung c6 s6 khdi khac nhau
(s0 neutron khéac nhau) goi 1a cac dong vi.
Vidu $O0 JO O
3. Hién twong phong xq tw nhién
La hién tuong chuyén hoa tu phat dong vi khong bén ctia mot nguyén to thanh dong vi ciia
nguyén to khac cé kem theo su phat ra cac hat co ban hay céc hat nhan nguyén tir.
C6 3 dang phong xa co ban:
- Sy phan huy a (hat nhan phong ra cac hat )

226 4 222
ss Ra - 5 Het g™ Rn

0
- Su phan huy [3 (phong ra hat e )

239 227
]\Q? - 90 ]?n

0
- Sy phan huy 3 (3" hat positon e )

55 0 55
5,Co - | et Rn

Keém theo céc tia a hay [ 1a cac tia y gdm cac birc xa dién tir ¢ ning luong 16n.

4. Phan ung hat nhan
La phan ing ma trong d6 hat nhan nay bi bién d6i thanh hat nhan khac nghia 1a nguyén 6
nay chuyén thanh nguyén t6 khac.
~ Nguoi ta thuce hién phan Umg hat nhan nhan tao bang cach dung cac hat co ban nhu @, n, p
.. ban pha vao cac bia la nhan ciia mot nguyén t6 nao do.
Vidu:
Bén pha nito bang hat a
‘Het " N .V O+ H
5. Ung dung ciia dong vi phéng xa nhan tao
B§n canh tac hai to 16n cta sy phong xa dén doi sdng ciia con nguoi nhur cac tia phéng Xa
pha huy t€ bao, tich luj trong xuong, gan .. . (nhét 14 cc tia @, tia notron) con nguoi da blet str dung

cac dong viphong xa dé phuc vu cho viéc chita bénh, kich thich sy ting truong ctia cay trong, xir ly
hat giéng, san xuat ning luong ..

Vidu:
61Co ding tiéu diét té bao ung thu
3T dung chan doan bénh budu c¢b
P dung theo ddi su hap thu phdtpho cta cay
80 dung nghién ctru co ché ciia cac phan tmg hod hoc va sinh hoc
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4C diing xé4c dinh tudi cta cac ¢d vt
#8U dung trong linh vyre nang lugng nguyén ti.
VI. Ciu tao nguyén tir va hé thong tuin hoan cac nguyén t6 hoa hoc
1. Dinh ludt tuan hodn
_"Tinh chét cta cac don chét, thanh phan va tinh chat ctia cic hop chit cia cac nguyén t6 hoa
hoc bién thién tuan hoan theo chi€u tang cua dién tich hat nhan nguyén tur'.
Vay su bién doi tudn hoan tinh chit ctia cac nguyén s6 1a do sy bién ddi tuan hoan cu triic
€ cua nguyén tir cia cac nguyén to do.
2. Bing hé thong tuan hodn cdc nguyén to
(Xét bang hé thong tuan hoan dang dai)
Bang hé thong tudn hoan dang dai dugc xdy dung trén co sd sau:
- Céc nguyén t6 duoc xép theo chiéu ting dan dién tich hat nhan.
- Cac nguyén t6 ¢6 cling s6 16p electron duge xép thanh mot hang ngang goi 1a chu ky.
- Céc nguyeén t6 ¢6 ciing cac electron hod tri duoc xép thanh cot doc goi 13 nhom.
2.2. S6 thir ty cac nguyén to
Méi nguyén t6 duge xép vao 1 6 ¢6 sb thir ty diing bang dién tich hat nhan Z cua
nguyén to do.
Vidu: Nguyéntd S codZ=16c6 16p nén co 16¢ & trang thi co ban.

2.3. CAu tao bang hé théng tudn hoan
Cac nguyén t6 hoé hoc trong bang hé théng tuan hoan duoc xép theo thtr tu dién tich hat
nhan Z tang dan va dugc phan thanh cac chu ky va nhom.
- Chuky:
. Laday nguyén t6 ’xép theo hang ngang gdm céc nguyén td c6 ciing s (trir chu ky 1
bat dau bang Hydro) va két thiic va mot khi hiém.
, S6 thir ty ciia chu ky bang s6 16p electron ma mf)i nguyén t trong chu ky c6. Hién nay bang
h¢ thong tuan hoan gom 7 chu ky, danh so tha tu tir 1 dén 7.
Trong do:
Chu ky 1 gdm 2 nguyén t6 H (Z=1) va He (Z=2)
Chu ky 2 gdm 8 nguyén t6 tir Li (Z = 3) dén Ne (Z = 10)
Chu ky 3 gdm 8 nguyén t6 tir Na (Z = 11) dén Ar (Z = 18)
Chu ky 4 gdm 18 nguyén t6 tir K (Z = 10) dén Kr (Z =36)
Chu ky 5 gdbm 18 nguyén t6 tir Rb (Z = 37) dén Xe (Z = 54)
Chu ky 6 gdm 32 nguyén t6 tir Cr (Z = 55) dén Rn (Z = 86)
(Dic biét trong chu ky 6 c6 14 nguyén t6 xép sau La (Z = 57) duoc xép tach riéng thanh 1
hang ngang ¢ dudi bang goi 1a ho Lantan).
- Chu ky 7 gdbm céc nguyén tb dang xay dung tir Fr (Z = 87) tro di.
(Trong chu ky 7 ¢6 14 nguyén t xép sau Ac (Z = 89) duoc tach riéng thanh ho Actini)
* Nhom:
Gom cac nguyen t6 c6 cung sb electron ho tri s thir tw ctia nhém bang sb electron hoa tri ma
cac nguyén to c6. Moi nhom dugc chia thanh 2 phan nhom: chinh va phu.
- Phan nhém chinh (nhém A): gdm cic nguyén t6 s hodc p
- Phan nhém phy (nhém B) gém céc nguyén t6 d hodc f
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Céc xac dinh s6 electron hod tri cua mdt nguyén to

Loai nguyén tb Sé electron hoa tri

s hodc p - Tong so electron ¢ l6p ngoai cung

- S electron trén ns (néu (n-1) d bio hoa

- Tong s6 electron trén ns va (n-1)d [néu (n-1)d chua bio hoa]

Vidu:
- Cu (z=29) ¢6 cau hinh [Ar]3d"%4s": thuoc nhom Iy
- Zn (z=30) c6 cAu hinh [Ar]3d'°4s: thudc nhom Il
- Fe (z=26) c6 ciu hinh [Ar]3d°4s*: thudc nhém VIIIg
-Li, Na, K ... ¢4 cAu hinh ns': thuéc nhom I
* Khéi:

Ngay nay ngudi ta thuong xép cac nguyén t6 thanh cac khéi dua vao cau hinh electron ciia

ching, c6 4 khoi 1a:

- Khéi s: gdbm céc electron c6 cau hinh electron ngoai cung 14 ns', ns> d6 13 cac nhom I,
1.

- Khdi p: gdm cac nguyén t 6 cau hinh cac electron ngoai cting tir ns’np' dén ns’np® tirc 1a
cac nguyén to thudc nhom Il dén VIIIa.

- Khéi d: gdm cac nguyén t6 c¢6 cAu hinh (n-1)d""°ns hodc 2 thudc cac nhém B

- Khéi f: gdm 2 diy lantanic va actinic xép & cudi bang.

3. Su bién doi tuan hodn tinh chdt cdc nguyén té
3.1. Bién ddi tudn hoan c4u hinh electron cta cac nguyén tb
-Péi véi cac nguyén td nhom A, cac electron 16p ngoai cung tang dan tir le” & nhom I, dén
8 electron ¢ 16p VIII,, di€u nay duoc 1dp lai ¢ tat ca cac chu ky.
) - Pbi véi cac nguyén t6 nhom B: Cac electron ¢ 16p ngoai cling gidng nhau 1a ns? (trir mot
s0 truong hop ngoai 1¢).
+ Cac nguyén t6 d thi phan 16p electron d tang tir 1 electron & nhém Iy dén 9 electron &
nhoém Iy va 10 electron ¢ nhom 1.
+ Cac nguyén to f: cau hinh electron ngoai cting va hé ngoai gidng nhau chi khac nhau &
phan 16p (n-2)f.
3.2. Ban kinh nguyén tr
Trong mét chu ky khi di tir trai sang phai, dién tich hat nhan tang dan nén lyc hut giita hat
nhan va dién tir ngoai cung tang dan, do dé ban kinh nguyén tir giam dan.
_Trong mét nhom khi di tir trén xudng ban kinh nguyén tir ting dan do s6 16p dién tir
tang dan.
3.3. Nang luong ion hoa (I)
La ning luong tbi thiéu can cung cip dé birc mot electron ra khoi nguyén tir & trang
thai co ban.
- Trong mot chu ky khi di tir trai sang phai, dién tich hat nhan, lyc hat gitta géc hat nhan va
electron ngoai cung tang dan, electron bi hiit chdt hon nén nang luong ion hoa tdng dan.
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- Trong m6t nhom khi di tir trén xudng do ban kinh nguyén tr ting nén khoang cach gitra
hat nhan va electron ngoai cung tang dan, luc hut gitra hat nhan va dién tir ngoai cung giam dan do
do6 nang lugng ion hoa gidm dan.

3.4. Ai Iyc véi electron (E)

La ning lugng duoc giai phong khi nguyén tir & trang thai khi nhan thém mét electron dé
trd thanh anion khi.

A+te=A

Cho dén nay ngub’i ta chi méi xac dinh dugc ai luc dbi VO’l electron cua m@t s it nguyén t6.
Trong d6 cac nguyén t6 nhém VII, ¢6 4i lye véi electron 16n nhat. Cac nguyén 6 s°, sp°, s’p* ¢6 &i
luc v6i electron rat kém.

3.5. S6 oxi hod
- S oxi hod duong cao nhét cua cac nguyén t6 bang sb thir tw cia nhom chira chung (trir cac
nhom VI, I, Lantanic, Actinic, O, F va khi hiém).

-S6 oxi hod am thap nhét hau nhu chi c6 & cac nguyén t6 phi kim va s oxi hoa 4m thip nhat
ctia nguyén t6 bang s thtr tw ctia nhém chira nguyén t6 do trir di 8.

Vidu:
Nito ¢6 s6 oxi hod am thip nhat 1a: 5 - 8 =-3
3.6. Hop chét véi hydro va oxi
- Hop chit véi hydro:
Céc kim loai nhém I, 114 tao cac ion H™ (NaH, CaHs ...)
Cac nguyén t6 phi kim thuong tao cac hop chat cong hod tri, trong d6 hydrd c6 6xi hoa
+1, phi kim ¢6 s6 oxi hoa am (CH., NH;, H,O, HF, HCI ...)
- Hop chét véi oxi:
Oxi tao duoc oxit voi hau hét cac nguyén 6 (trir Pt, Au).

’ Trong mdt chu ky khi di tir trai sang phai s oxi hoa ctia cac nguyén t6 tao oxit ting dan tir
1 dén7.
Vi du:
Chu ky 3:
Na,O MgO ALO; SiO, P,Os SO; CLO;
Cac bazo va axit tuong tmg ciing nhu cac oxit d6 co tinh axit ting dan tir trai sang phai.
NaOH Mg(OH), AlL(OH); H,SiO; H;PO, H,SO, HCIO, tinh axit ting dan.
Trong mdt nhom khi di tir trén xudng tinh kim loai ting nén tinh bazo ciia mot oxit va

hidroxit ciing ting dan.

BeO MgO CaO SrO BaO
Be(OH), Mg(OH), Ca(OH), Sr(OH), Ba(OH),
ludng tinh ~ bazo bazo manh

4. Quan hé gitka cau hinh electron va vi tri ciia nguyén t6 trong bang hé thong tuan hodn
4.1. Biét s6 dién tich hat nhan ctia nguyén t6 (Z) ta b thé xac dinh dugc nguyén t6 d6 thudc
chu ky may, nhom méy va cau hinh electron ctia nguyén t6 do.
Vi du:
ChoXc6Z=16
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Ta c6 thé viét cu hinh electron ctia X: 1s? 25> 2p° 3> 2p*
Vay X thudc chu ky 3, nhém VI, d6 1a nguyén t6 luu huynh (S).
4.2,. Biét cAu hinh electron ’cﬁa nguyén td, co thé xéc dinh dién tich hat nhan Z, s6 thtt tu cta
nguyén to, chu ky, nhdm, hop chat voi hydro, hop chat vai oxi ...
Vidu 1:
Nguyén t6 X ¢6 cau hinh 1s>2s>2p® 3s? 3p* 0 Z=17
Vin =3 nén nguyén t6 nay thudc chu ky 3. S6 electron hod tri 2+5 =7 O thudc nhém VII,
do 1a nguyén t6 Clo.
- Hop chét véi hydro 1a HCI
Oxit cao nhat véi oxi 1a CLO,
Vidu2:
Nguyén t6 Y ¢6 cau hinh 152 2s> 2p° 3s? 3p® 3d°4s> 0 Z=25
Vi 16p d chua bao hoa nén Y thuoc nhém B ¢6 e hod tri lé} 2+5="7nén Y thudc nhom VIl
co 1op electron ngoai cung 1a 4 nén thudc chu ky 4 do 1a nguyén t6 Mn.
- Khong c6 hop chat véi hydro
- Oxit cao nhét ctia Mn véi 6xi 1a Mn,O;
) 4.3. Biét vi tn cua nguyén t6 co thé suy ra mot s tinh chat hoa hoc co ban ciia mot s6 cac hop
chat ctia nguyén t6 do.
Vidu:
Biét nguyén t6 M thudc chu ky 4, nhom IL, vay d6 1a kim loai kiem tho, ching c6 thé nhuong
2 electron dé trd thanh cation: M - 2e = M*" tao dugc cc hop chat co lién ket ion 1a chinh, hop chat
v&i hydro co cong thuc la MH,, hop chat véi 6xi 1a MO va hidroxit twong tmg la M(OH)s.



