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LO1T NOI DAU

Trong chuong trinh dao tao dwgc si dai hoc clia Pai hoc Tay B, hoc phan Hoa dai
cuong — Vo co 1a mon co s¢ nganh [am nén tdng cho cac em sinh vién nam thit nhét c6
kién thirc can ban vé héa dai cuvong va tinh chat hoa hoc clia cac nguyén t6 nhém chinh
va phu (*ng dung trong nganh dwgc. Hoc phan nay dugc viét ra cho sinh vién cé chuan
dau vao can ban nén ndi dung duoc chon loc va cd dong dé cac em tiép thu nhirng kién

thirc can thiét nhat cho cac hoc phan sau.

Gido trinh Héa dai cuvong — V6 co bao gobm 7 chwong duoc trinh bay theo thi tu:

Chuwong 1: Cau tao nguyén tl - Binh luat tuan hoan cac nguyén t6 hda hoc

Chuwong 2: Cau tao phan tl - Lién két héa hoc

Chuong 3: Phirc chat

Chuong 4: Nhiét — Bong hoc phan rng hda hoc

Chuong 5: Bong hoc phan (rng — Can bang hda hoc

Chuong 6: Pai cwong vé dung dich

Chuwong 7: Hoa hoc cac nguyén td

Trong qua trinh bién soan, cac tac gia da cd gang dung nhirng hinh anh tric quan
va mdt sd cau hdi tv lugng gia dé sinh vién ty danh gia kha nang ctia minh. Tuy nhién,
gido trinh ndy cling c6 thé mac nhitng sai sot, chiing téi xin chan thanh nhan dwoc nhitng
y kién déng gép quy bau clia quy thay cd, cac ban dong nghiép, sinh vién dé sira chira, bo

sung hoan thién hon.

Chan thanh cam on!
CACTACGIA
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DANH MUC TU VIET TAT

Proton

Notron

Electron

S6 hiéu nguyén tir
bién tich hat nhan
S6 khoi

Khéi lugng mol nguyén tir/khdi lvgng mol phan ti
Gram

Culong

d.v.C Pon vi Cacbon
Unit

O‘QZZDI_\'_INITIZ'U

u
A Angstron
A Buéc song

AO Atomic orbital
Wy ham séng
CHLT Co hoc luvong tir
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Chuwong 1

CAU TAO NGUYEN TU - DINH LUAT TUAN HOAN
CAC NGUYENTO

MUC TIEU BAI HOC

Khi hoc xong chuong nay, sinh vién chuyén nganh Dwgc hoc c6 kha nang biét,
hiéu vavan dung céc van dé sau:

1. Thanh phan cdu tao mdt nguyén ttr nhat dinh, cac kha niém co ban.

2. Thuyét lvong tlr anh sang, cau tao vo electron theo mé hinh Niels Bohr.

3. Bang hé thdng tuan hoan céc nguyén t6 hda hoc.

4. Pinh luat tuan hoan cac nguyén t6 héa hoc.

1.1 THANH PHAN CAU TAO NGUYEN TU

1.1.1 THANH PHAN NGUYEN TU

Nguyén ttr la hat nhd nhat clia nguyén t6 hda hoc khong thé chia nhd hon duoc

nira vé mat héa hoc.

Nguyén t&r clia cac nguyén t6 co kich thudc vé cung nhd. Néu xem gan ding,

nguyén tr nhu qua cau thi nguyén tlr nguyén t6 hidro la nhé nhét véi duwong kinh vao

khoang 0,68 A. Khéi lugng clia nguyén tir nguyén t6 hidro ciing chi dat 1,673.102 g.

Hinh 1.1 M&u nguyén tt don gian.
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Tuy nhién vé mat vat |i, nguyén t&r chwa phai 1a nhé nhat. N6 duoc ciu tao bdi 3
loai hat co ban (nhu & hinh 1.1) 1a electron (ki hiéu la €) tich dién am — ton tai & 16p vo,
proton (ki hiéu la p) tich dién duvong va hat notron (ki hiéu la n) khéng mang dién tich
cung ton tai vai p & nhan cla nguyén ti.

C6 thé thay, nguyén tir duoc cdu thanh bdi 16p vo electron va hat nhan. Trong hat
nhan nguyén t&* cé 2 loai hat co ban: proton va notron.. Nhw vay, khéi lwgng clta hat

nhan latong khai lvong p van:
Mhat nhan = Mp + My (1)

Electron ton tai & 16p vd bao quanh hat nhan. Chung tich dién am. Khdi lvgng clia

electron cling rat nhé so voi khéi lwvgng clia hat proton va notron:
Me ~ 10%.m, ~ 10".m,

Pién tich clia mbi proton va electron co cung gia tri tuyét déi, chi khac nhau vé
ddu. Bét ky nguyén tt clia nguyén td nao, né ludn trung hoa vé dién. Do do, mdi nguyén

tlr déu c6 sO lvong hat p bang sO hat €;

p=¢€ (2)

M6i hat nhan chtta s5 lvgng p nhét dinh khac nhau (ma vé sau chiing quyét dinh
s khéc biét tinh chat) nén ngudi ta con goi chiing 1a sd hiéu nguyén ti, ky hiéu laZ. Vi

vay, Z+ dugc goi la dién tich hat nhan.

Nguyén tt rat nhd, nhd dén murc tri twdng twong clia chiing ta cling chua tiém can
dwgc kich thwdc that ciia nd. Chinh vi vay, cac hat co ban cau thanh né ciing rat — rat —
rat nhd. Khi do, vo s6 cac hat p van duoc nén chat trong hat nhan dén cuc ky dac khit. Vi
thé, khdi lvgng clia nguyén tir xem nhuw tap trung & hat nhan. Néu qui uvéc khdi lvong cla
1 hat p 1a don vi khéi lvong nguyén ti u (unit) hay d.v.C (don vi cacbon) thi moi hat
nang 1u. Hat notron ciling tvong dwong 1u, do d6 khéi lwgng mdt nguyén tir xem nhu s6
khoi A:

A=p+n ©)

Chinh vi thé, moi nguyén tir s& co giatri A nhét dinh. Ma sau ndy ching ta sé thay

mGi lién hé gitta A vakhdi lwvgng mol nguyén tir M.
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Nguyén t6 héa hoc. Trong thé gi¢i khach quan, vat chat duoc cau thanh tir rat
nhiéu loai nguyén tir. Cac nguyén tr c6 cung dién tich hat nhan duoc goi la mot nguyén
t6 hda hoc.

Nhiéu nguyén t6 & hon hop ctia nhiéu dong vi. Bong vi |a cac nguyén tir cé ciing
dién tich hat nhan nhwng khac nhau vé sb notron trong hat nhan.

Vi du: Khi hidro thién nhién 1a hén hop clia 3 dong vi la proti (1H ), doteri (?H)
vatriti (3H ). Tuy nhién, hai dong vi proti va doteri |a ton tai da lau dé nghién clru nén
mot thoi gian dai nguoi ta chi biét dén hidro chi c6 2 loai dong vi.

Ngay nay, nguoi ta da biét dén hon 119 nguyén t6 ty nhién va nhan tao nén viéc
nghién clru tré nén phong phu va can ky hiéu théng nhat. Ky hiéu nguyén t6 dwoc chap
nhan cé dang:

AX

p
trong d6 — A lasb khéi
- plasd proton
- X laky hiéu tén nguyén t6
Vi du: Nguyén tir sat duoc ky hiéu °Fe - Fe laky hiéu tén clia sit, 26 1a 3 hat proton
trong hat nhan nguyén tr sat, 56 1aténg s6 hat notron va proton trong nguyén tir sit.

Phan t&r. Phan tir cling la hat vi mo, nhung ching cd tat ca tinh chat hda hoc clia
chat nao dé. Phan tir ¢ thé cd tir 2 hay hang ngan nguyén ti lién két voi nhau (trlr cac
khi hiém ton tai dw6i dang tv do languyén ti).

Céng thtrc hda hoc. Trong hoéa hoc, nguoi ta biéu dién phan tr bang cong thirc
hoéa hoc. cong thirc hdéa hoc bao gom ky hiéu héa hoc clia cac nguyén t6 tao nén phan ti
cling véi cac chi so phia duwdi bén phai dé chi sd lwvgng nguyén tir clia nguyén to trong

(rng trong phan t.

Vi du: Phan t&r nuéc dugc ky hiéu la H,O. Tic 18, mdt phan ti nwdc chia 2
nguyén t& hidro va mot nguyén ttr oxi.

Pon chat. Nhirng nguyén tlr clia cung mot nguyén to lién két vai nhau tao thanh

phan tr dugc goi la cac don chéat. Vi du nhu phan ti khi oxi (O,).
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Hop chat. Phan tir dwoc tao bdi tir 2 nguyén to trd 1én dwgc goi |a hgp chat. Mot
hop chat ludn [ubn c6 thanh phan xac dinh. Nhwng mot thanh phan xac dinh khong phai
[ubn [ubn (ng véi mét chat. Vi du nhv C,HgO cd thanh phan xac dinh — 2 nguyén tlr
cachon, 6 nguyén t& hidro va 1 nguyén ttr 6xi — lai (rng v6i 2 chét la etanol va dimethyl
ete. Chang la céc chat dong phan véi nhau. Chinh vi vay, nguoi ta can quan tam ki hon

vé mat cau tao clia chiing.

Cong thirc ciu tao. Cong thirc hda hoc cho biét trat tw va cach thirc lién két gitra

cac nguyén tir dwoc goi la cong thirc ciu tao.

Vi du: 2 dong phan etanol va dimetyl ete dwoc biét v6i 2 ciu tao:

Y oy
H—C—C—0—H H—C—O—C—H
H H H H

etanol dimetyl ete

Ngay nay, ngudi ta con biét dén cac chat co thanh phan bién d6i. Nhirng hop chat

do goi lahgp chat khong hop thirc.

Vi du: Titan oxit dugc biét voi thanh phan bién doi tir TiOgsg dén TiO; 33 Thanh
phan bién doi nhwng kién tric tinh thé titan oxit khong thay d6i nén tinh chéat héa hoc
khong thay déi ma chi lam thay doi tinh chét vat Ii nhu tinh chat dién va quang.

1.1.2 CAC PAI LUONG BDAC TRUNG CUA HAT

Céc giatri trong lvong va dién tich da duoc cac nhakhoa hoc tinh toan vathé hién

trong bang sau:

Bang 1.1 Bang gia tri khdi lwgng va dién tich clia cac loai hat

Hat Khai lvong (g) bién tich (culong)
electron (E) 9,1.10%° -1,6.10"
proton (P) 1,673.10% +1,6.10"
notron (N) 1,675.10% 0
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Qua do, ching ta nhan thdy: khdi luong mdi hat n hay p rét Ién hon mdi hat €
(khoang 10 1an), dién tich mdi hat p va € 1a giéng nhau V@ tri tuyét déi nhung trai dau.
Taco:

1 (u)=1(d.v.C) =1,661.10% (g)
1,6.10" (C) = 1 don vi dién tich = +1

Chinh vi vay, 1 hat p hay n dwoc xem la cé trong lugng 1u. Moi hat € c6 dién tich
-1, conpla+1.

Vi du: 1 nguyén ti natri (Na) co trong lvong 23u, trong do, hat nhan tich dién +11
can bang dién voi 16p vo electron -11. Vi trong 1 nguyén tir Na c6 11 hat p, 12 hat n va
11 hat € nén 23 chinh IaA .

Mol ladon vi do luong ding trong hda hoc nham dién ta lwvgng chat co chira s3
hat nguyén t&r hay ion va dwgc nha khoa hoc, Lorenzo Romano Amedeo Carlo Avogadro
di Quaregnae di Cerreto, pha minh rasd 6,02214179x10%. Goi tat 1a hdng s Avogadro.
Nhw vay, 1 mol nguyén tir bat ky cé chita 6,02214179x10% nguyén ti. Tathay:

Mna () = 6,02214179x10% (nguyén ti) x 23 x 1,661.10% (g) = 22,98 (g)

Do dd, Mya gan bang 23 g lakhdi lwong clia 1 mol natri dwoc tinh theo don vi gam. Ana
gan bang 23 u la khdi lugng cla 1 nguyén tir natri dwoc tinh theo don vi u. Nhw vay, M
va A cd mdi quan hé chat ché, nhin thay théng so A co thé suy ra giatri M theo don vi
gam tuvong (ng.

Thong thuong, ngudi ta xem nguyén tir 1a hat hinh cau. Do dd, mdi nguyén tir co
mot thé tich riéng valién hé véi ban kinh (r) clia ching:

_ 4 3
V= (4)

trong d6,  V — thé tich mdi nguyén ti
r — ban kinh nguyén tt

Ban kinh nguyén t&r dvoc do béng don vi Angstron (A) va cho biét dd 16n tuong

ddi ciia nguyén tir. Theo cong thiic (4), nguoi ta suy raban kinh nguyén ti.

Chung ta cé thé ké mdt sb thdng sd quan trong clia nguyén ti 1an lwot sau day:

Trang 9
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a. bai lugng trong lvong
S6 khdi (A) cho biét trong luvgng twong d6i clla mdt nguyén ti:
A=p+n
Khéi lwvong mol (M) cho biét trong lvong cta 1 mol nguyén tir chira sb
lwong rat 16n nguyén ti (6,022x10%):
M = Ax6,022x10% u (5)
hay
M = Ax6,022x10%x1,661.10% ¢ (6)
b. Bai lvgng dod dac
Khoi lvong riéng cho biét trong lvong chét duoc chira trong mot don vi thé
tich nhat dinh:

—m
d=7 ™

trong do: -d  khéi luvgng riéng
-m  khéi lvgng
-V thétich
Bon vi ctia khdi lvgng riéng tuy vao don vimvav.

NoOng do la dai lvgng biéu thi lvgng chat nao dé duoc chira trong mot hé
nhiéu chat tinh trén 1 don vi nhat dinh. Nong do thuong dwoc ky hiéu rat da dang, co thé
la Cy (s moal trong 1 lit dung dich); Cy ( s0 duong lwgng gam trong 1 lit dung dich);
C% ( khoi luvgng chat tan trong 100 gam dung dich); P ( khoi lugng hodc thé tich chat tan
trong 1 lit dung dich hodc dung méi); % ( khdi lvong hodc thé tich chét trong 100 phén

hon hop);... .
- Cy (Mol/L): Cu=— (8
Vdd
_ _ N
- Cn (N): Cv=— (9
Vdd

trong do: N la s6 duong lugng gam.
Trang
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N= g , B —duong luonggam; D= M , v - hé sb duong lvong.
g
- C%: C% = % 100% (10)
mdd
-P(g/L): P= g (11)

Vi du: Ban kinh nguyén t&r cla st (cho gan dang) la 1,28A (biét 1A = 10'°m),
khéi lvong mol ctia st 1a 56 g.mol ™. Khéi lwong riéng clia sit 1a (biét trong tinh thé st
chi chiém 74% thé tich, con lai laphan rong) bao nhiéu?

Giai

Xem nguyén ti Fe la hat hinh cau. Trong tinh thé, chiing xép chdng [én nhau nén

S8 xudt hién cac khe trong:

Hinh 1.2 M&u tinh thé nguyén t&r cling cac khe tréng
Theo (7),taco: d = g

V latdng thé tich clia mang tinh thé, bao gdm thé tich tng clia 1 mol nguyén ti

23 4 s
26%
Vi = 7% that

. 4 n  24% 4
T (*) suy ra V = —pr°>x6,22x10° + —
(*) suy gl xb22x 72% 3

1,28A vao ta duoc V. Thay V vao (5) ta duoc d va déi vé don vi g/cm?® thi d = 7,84g/cm®.

pr. Thay giatrit = 3,14 var =

Trang
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c. Bai lwvong dé Ion

Thong thwong, dé biét vé do Ion clia nguyén tir nguoi ta sk dung dai lvong ban
kinh hiéu dung ctia nguyén ttr. Tuy nhién, ban kinh hiéu dung thuong thay doi bdi diéu
kién ton tai nguyén tlr nén khong thé ndi chiing cé gia tri xac thwc nao. Nguoi ta co thé

tham khado qua giatri ban kinh nguyén tir suy ratwr (4):

[ = 3f3><V (12)
4xp

Vi du: Cho dc.=1,55 g.cm™, M,=40,08 g.mol™. Trong tinh thé, cac nguyén t& Ca

chi chiém 74% thé tich, con lai la céc khe trong. Ban kinh gan ding clia Cala (cho Na =
6.10%) bao nhiéu?

Giai

Theo (7) suy ra 1 cm® tinh thé Ca nang 1,55 g. Ttc la co chira lwong mol =

155 5039 mal.
40,08

Taco:V =Vpg + Vi , Vma — thé tich tong céc nguyén t&r trong 0,039 mol;
V,; — thé tich céc khe rong:

23 4 3
26%
Vtr = 74(V: that
4 4
Suy ra: V = —Prx6,22x102x0,039 + 222, Zpr?® = 1 (cm®) = r = 1,97.10° cm
3 74% 3

~197A.

Hydro la nguyén tr nhd nhét co ban kinh vao khoang 0,53 A. Sau céc vi du trén
day ta thdy nguyén ttr Caldén hon gép 4 1an hydro (1,97 A) vaFe lén hon hydro khoang 2
lan ( 1,28 A).

1.2 CAU TAO NGUYEN TU

1.2.1 MAU NGUYEN T NIELSBOHR

Dua trén thuyét lvong tir clia Planck (Plang) va nhitng dinh luat clia vat li co dién,

Bohr da dua ra hai dinh dé:
Trang
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- Trong nguyén tt, electron chi cd thé quay trén nhitng qui’ dao tron xéac dinh goi la

céc qui dao luvong tir. Moi quil dao (rng vai mot mic nang luong xac dinh

Ban kinh cac qui dao dugc tinh theo céng thirc:

r=n?.0,53. 108 (cm) = n?. 0,53 (A). (13)

nlacéc s0 tw nhién 1,2,3... n

Nhu vay cac qui dao thit nhat, thit hai... thi n lan lvgt cé cac ban kinh nhu sau:

0 0
r, =1°.053A=053A
0
r, =2°.053A=4r,
0
r. =n’.053A=n’r,

Nang lvong toan phan clia electron trén méi qui dao duoc tinh theo cong thirc:

E = —%13,6ev =-13,6eV
n

n

(14)
Nhu vay nang lugng clia electron trén cac qui dao thir nhat, thir hai, thir n twong
tng &

E - 11213,66V =-13,6eV

E

E, —%13,6ev =gV
2 4
E

E, —%13,6ev =—eV
n n

- Khi quay trén céc qui dao, nang luvgng cla electron dwgc bdo toan. N6 chi phat

hay thu nang luvong khi chuyén tir mot qui dao nay sang mot qui dao khéac.

Thuyét Bohr da tinh toan dwgc qui dao, nang lvgng cla €electron va giai thich
quang pho vach clia nguyén t& hidro la nguyén tlr don gian nhét, tuy nhién khoéng giai
thich dwgc quang phd clia cic nguyén tir phirc tap.

Diéu d6 cho thdy rang ddi voi nhitng hat hay hé hat vi mé nhu electron, nguyén ti
thi khong thé &p dung nhi*tng dinh luat ctia vat i co dién. Cac hé nay cd nhitng dac tinh

khac v6i hé vi md va phai droc nghién clru bang co hoc lugng tir.
Trang
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1.2.2 Thuyét lvgng tlr anh sang

Trude khi tim hiéu vé thuyét lvong tir &nh sang, chiing ta phai biét vé dac tinh clia

cac loai hat vi mo:

a. Ban chat song ctia hat vi mé (electron, nguyén ti...)
Nam 1924 De Brogli (Do Broi - Phap) trén co s¢ thuyét song - hat clia &nh sang da

dé rathuyét sdng - hat clia vat chat:
Moi hat vat chdt chuyén dong déu lién két véi mot song goi 1a song vat chét hay

song lién két, ¢6 budc song | tinh theo hé thirc:

mv (15)
trong do h: hang s8 Planck
m: khoi lvgng clia hat
v: toc do chuyén dong clia hat

Vi du: Electron khéi lwong 9,1.10% g chuyén dong véi van téc khoang 108 cmi/s

& c6 mot song lién két voi A tinh theo biéu thirc (15):

-27
| = —giif)_lzg > 7.10%cm

Nam 1924 nguoi ta da xac dinh duoc khdi lvgng cia electron nghia la thira nhan

electron c6 ban chat hat.

N&m 1927 Devison va Germe da thuc nghiém cho thdy hién twong nhiéu xa chim

electron. Biéu dé chirng td ban chét song clia electron.
Nhuv vay: Electron vira c6 ban chat song vira c6 ban chat hat.

b. Nguyén |i bat dinh Heisenberg (Haixenbec - Blrc) 1927

DG6i voi hat vi mo khong thé xac dinh chinh xac dong thoi ca tée do vavi tri

AX.AV > L

2pm (16)

Trang
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Av: do bat dinh vé toc do
AX: d0 bat dinh vé vi tri
m: khoi lvgng hat
Theo hé thirc nay thi viéc xac dinh toa do cang chinh xéac bao nhiéu thi xac dinh toc
do cang kém chinh xéc by nhiéu.
Thuyét lwgng ti anh sang rat phirc tap, chidng ta cé thé biét va hiéu né don gian
hon théng qua céc khai niém co ban sau:
c. Ham song
Trang thai ciia mdt hé vi md sé hoan toan duoc xac dinh néu biét qui dao vatoc do
chuyén dong clia né. Trong khi d6 d6i voi nhitng hé vi mé nhu electron, do ban chat song

- hat vanguyén |i bét dinh, khong thé xac dinh dugc qui’ dao clia chiing trong nguyén ti.

Thay cho khéi niém qui dao, co hoc lugng tr md ta moi trang thé cla electron

trong nguyén t& bang mdt ham s3 goi 1a ham séng, ki hiéu 1aW (doc & poxi).

Binh phwong clia ham song W2 ¢6 v nghiia vat |i rdt guan trong:

W2 biéu thi x&c sudt co mat cla electron tai mot diém nhat dinh trong ving khong

gian quanh hat nhan nguyén ti.
Ham song W nhan duoc khi gidi phwong trinh sdng ddi véi nguyén ti.
1.2.3 Phuwong trinh song hay phuong trinh Schrodinger (Srodingo)
Co s& clia co hoc lugng tir 14 phuong trinh song do nha bac hoc ngudi Ao

Schrodinger dwa ra nam 1926. D46 la phurong trinh mo ta trang thé chuyén dong cla hat

vi mo trong khong gian.

Phuwong trinh Schrodinger thudng duoc viét & dang rat gon:

2

2
Ay +8F;1 ME-Uy =0

(17)

U : thé nang cla hat

E : ndng lvgng toan phan clia hat
Trang
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m : khdi lvgng cla hat

DP6i voi mot hat cu thé, néu thay U bang biéu thirc tinh thé ning cla hat va giai
phuong trinh tanhén duoc cac nghiém W1, W2, W3...Wn dac trung cho céc trang tha khac

nhau clia hat vi mé va céc giatri nang lugng (ng véi moi trang thai do.

1.2.4 Phuong trinh song déi voi nguyén tir hydro

Nguyén t&r hydro la nguyén t&r don gian nhat, gom mot electron mang dién tich -e
chuyén dong trong treong thé ctia hat nhan mang dién tich +e. Vi vay phwong trinh
Srodingo trong truong hop nay co thé giai dwoc mot cach chinh xéc. Nhirng két qua thu

dwoc khi gidi phwong trinh nay laco sé clia hé thong |i thuyét vé ciu tao nguyén ti.

Phwong trinh song d6i véi nguyén ti hydro ¢ dang:

2 2
Ay + 8p;]2m(E+e_}/ =0

r

(18)

h: hang S0 , goi lahdng s& Planck

r : khoang céch tlr electron dén hat nhan
m: khoi lvgng electron

E: nang lvong toan phan cla electron

Giai phuong trinh (18) ta dwoc cac ham (W1, W2, ...Wn) tir d6 tim dwoc W2 biéu thi
x&c sudt tim thdy electron tai nhitng diém khéc nhau trong khdng gian nguyén tir va mot

s dai lvgng ddc trung cla electron nhu ndang luvgng toan phan E, mémen dong lvgng M

1.2.5 Orbital nguyén tr. May electron
Céc ham sdng Wn - nghiém ctia phuong trinh (18), dwgc goi la cac orbital nguyén
tlr (viét tit 1A AO) vaki hiéu lan lvot 1a: 1s, 2s, 2p ...3d... Trong do céc chit 6 dung dé chi

I¢p orbital, con céc chir cdi s, p, d dung dé chi cac phan 16p. Vi du:
2s chi electron (hay AO) thubc 16p 2, phan I6p s.

2p 2y e p.
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3d C RS d.
Nhuw vay: Orbital nguyén tir la nhirng ham séng mé ta cac trang thai khac nhau clia
electron trong nguyén tt.

Vi du: ham séng don gian nhat (1s) mo ta trang thai co ban clia electron (trang thai

e ¢6 nang lwgng thap nhét) trong nguyén t&r H c6 dang:

1 1
y - y 2 :e—Zr_
Wb otwrds p

Ham ndy chi phu thudc vao bién sb toa do r. Tl ham nay ta biét duoc W3(r) biéu thi

x&c sudt cd mat electron tai mot diém cach nhan mot khoangr.

Néu biéu dién sy phu thudc clia ham W? theo khoang cach r ta duoc duwong cong
phéan bb xac suat c6 mat clia electron & trang thai co ban (hinh 2.3). Ta nhan thay:

2
W

90 - 95%

r

Hinh 1.3. X4&c suat c6 mat electron theo r va hinh dang may €electron s

Xé&c suat cé6 mat clia electron & gan hat nhan rat Ién va giam dan khi cang xa hat

A

nhan.

M@t cach hinh anh nguoi ta co thé biéu dién sy phan b6 xac sudt cd mat electron
trong nguyén t& bang nhitng ddu chdm. Mat do clia c&c chdm <& |én & gan hat nhan va
thura dan khi cang xa nhan. Khi doé orbital nguyén tlr giong nhy mot dam may vi vay goi

la may electron. D& dé hinh dung nguoi ta thudng coi:

May electron la vung khéng gian chung quanh hat nhan, trong dé tap trung phan lén

X&c sudt cd mat electron (khodng 90 - 95% xac suat).
Nhuw vay may electron co thé coi la hinh anh khong gian ctia orbital nguyén ti.
Hinh dang clia cac may electron

Néu biéu dién cac ham song (cac AO) trong khdng gian ta dwoc hinh dang clia cac

orbital hay cac méy electron (Hinh 1.3).
Trang
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May s c6 dang hinh cau.
Céc may p c6 hinh s6 8 ndi huwéng theo 3 truc ox, oy, oz dugc ki hiéu lapy, p, vap,
Cac méy d co hinh dang khac nhau:

dyy, dyz, dx hinh hoa thi (4 canh) hudng theo dwdng phén giac cua cac goc twong

(Png xoy , yoz , ZOX.
dy2-y2 €O dang hoa thi nhung hudng theo 2 truc ox vaoy.

Riéng may d,, gdbm hinh s8 8 n6i hudng theo truc oz va mdt vanh khan nam trén méat

phang xoy

Du6i day la hinh dang ctia mot sd AO:

Hinh 1.4. Hinh dang cac obitan nguyén t(r

Trang
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1.2.6 Cac sd luongtt
M&i ham song W (hay moi AO) dugc dac trung bdi 4 tham sb n, 1, m, ms goi la cac
SO lwgng tr. Cac SO lwong tlr xudt hién trong qua trinh gidi phuwong trinh Schrodinger dé
tim mot s dai lvgng vat i dac trung cho mét AO nhw nang lvgng , momen dong luong,

hinh chiéu clia momen ddng lvgng, momen quay cua electron trén AO do.
- SO lwgng tlr chinh n
+ nnhancécgiatritr 1, 2, 3.... n.

+ Céc AO c6 n gidng nhau s& c6 cung mot mic nang lvgng va tao ra mét 16p

orbital nguyén ttr
Lop AO n 1 2 3 4..n
Mrc nang lvgng E E E; E..E,
- $6 lvgng ti phul |
+ Céc giatri ctia 1 phu thudc vao s6 lvong tr chinn1=0, 1, 2... n-1.

+ trng v&i Mot giatri cian (mot 16p) co n giatri cia 1 (n phan 16p)

Lopn Phanléps Phanlépp Phanlépd Phanlopf
n=1 1=0

n=2 1=0 1-1

n=3 1=0 1=1 1=2

n=4 1=0 1=1 1=2 1=3

Mubn chi ra mdt phan |6p thudc I6p nao nguoi ta viét sd thi tv [6p trwde ki hiéu

phan |6p.
Vi du: 2s chi electron (hayAO) thudc phan Iéps(1=0) clialép 2 (n=2).
3d d(1=2)...3(n=3).
- S6 lwgng tlr tr m

Trang
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m nhan céc giatri tir - 1 dén + 1 ké ca sd 0. Nhw vay rng véi mot giatri clia 1 co

21 + 1 giatri clam.

Nhuv vay cac AO c6 m khac nhau s& dinh huéng khac nhau trong khéng gian, m

quyét dinh huéng clia AO hay huéng clia may electron.
Phanlops1=0m=0 chi c6 mét cach dinh hudng
Phan I6p p 1=1 m = -1, 0,+1 c6 ba céach dinh huwéng twong ¢ng:
Pxs Pz Pz
Phanlopd1=2m=-2, -1, 0, +1, +2 c6 nam cach dinh huéng twong ng:
Ay ,dyn Az, dyoyo, dx
- SO lwgng ttr spin mg

Nghién cliru quang ph6 clia cac nguyén t6 ngudi ta thdy cin gia thiét thém rang
electron ngoai chuyén dong quanh nhan con tv quay quanh truc riéng clia né. Chuyén
dong nay duoc goi la spin va dwoc dic trung bang sO lugng tir spin me. mschi ¢o hai gia
trila+1l/2va-1/2.

Nhu vay trang tha clla mdi electron trong nguyén tr duoc dic trung bdi bén sb

lvong tr n, 1, m, mg;
W 1 mms dugc goi laorbital toan phan
W, 1m duwoc goi laorbital khdng gian

Qua dd, chiing ta sé co6 thé hinh dung cau tao nguyén t mot cach chinh xac qua

mo hinh hién dai vé nguyén tt theo hinh sau:

Hinh 1.5. Hinh dang nguyén tr theo thuyét lwvgng t&r hién dai
Trang
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1.2.7 Cau hinh eélectron nguyén tl

Cau hinh electron nguyén ttr chinh la cach thirc md ta cau tao nguyén t&r mét cach
don gian nhwng day da vé dic diém cu tao clla nguyén tir. C6 2 dang biéu dién ciu hinh
electron nguyén tr: dang chir va dang orbital.

Vi du: Cho biét nguyén t&r Nac6 Z = 11. Tasuy ra, Na cd 11 hat electron trong
|&p vo:

- Dang chit; 1% 2s?2p° 3s*

- Dang orbital:

18 28 2p° 3st

Vén dé la: Lam cach nao dé viét duoc cau hinh electron nhw vay? Nhin vao cau
hinh electron ta cé thé hi€u biét gi vé nguyén tr?

Gidi quyét van dé 1

- Trudc tién, ching ta can biét dwoc cac qui luat phan bo cac electron sau day:

Trong nguyén ti nhiéu electron, cac electron dugc phan bd vao cac AO tuan theo mot sb

nguyén |i va qui luat nhu sau:
Nguyén |i ngoai trir Paoli (Paoli - Thuy Si)

Theo nguyén |i ndy, trong mbi AO chi co thé co t6i da hai electron co chiéu tuy quay

(spin) khéc nhau la+1/2 va -1/2.
Vi du:
Phan mirc sco 1 AO (s), c6 t6i da 2 electron
Phén mirc p c6 3 AO (py, py, P,) O t6i da 6 electron
Phén mirc d c6 5 AO (dyy, 0y, 0,2, Oyayo, d 1) €O t6i da 10 electron

Trang
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Phan mtc f c6 7 AO, ¢ t6i da 14 electron
Nguyén |i vitng bén. Cau hinh electron clia nguyén ti

Trong nguyén tlr cac electron chiém lan lwgt cac orbital c6 nang luvong tir thap dén

cao.

Bang phuong phap quang phd nghiém va tinh toén i thuyét ngudi ta da xéac dinh

dwoc thi tvy tdng dan nang lvgng clia cac AO theo day sau day:

Is2s2p 3s3p4s=3d 4p 5s = 4d 5p 6s = 4f = 5d 6p 7s 5f=6d 7p ...

Pé nh¢ duoc th tw bac thang ndng lveng nay ta dung so do sau:

s
e

Dua vao nguyén |i ngoai trir Paoli va nguyén |i virng bén nguoi ta co thé biéu dién
nguyén tir cla mot nguyén t6 bang ciu hinh electron.
- Sau dd, ching ta hdy dé y dén céc ngoai |1& va quy tic Hund: “Céc electron

clia mdt nguyén ttr c6 xu hwdng chiém khip céc obitan c6 ning luong nhw nhau theo céch
nao do6 dé tong spin clia chiing latoi da”.

Cu (z = 29) Is* 25? 2p° 3¢% 3p° 3d'? 4s*
Cr (z = 24) Is? 2&” 2p° 35” 3p° 3d° 4s
C4u hinh 3d™ 4s' (trang théi voi bao hod) bén hon cau hinh 3d° 457
C4u hinh 3d° 4s" (trang théi voi nira béo hod) bén hon cau hinh 3d* 45
Ngoai cach biéu dién cac AO dudi dang cong thirc nhu trén, nguoi ta con biéu dién

mbi AO bang mdt 6 vudng goi 1a 6 lvgng tir. Cac AO clia cling mot phan mirc dugc biéu

dién béng nhitng 6 vuéng lign nhau. Vi du:
Trang
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Is 2s 2p 3d

L1 O HEEEEEEE

Trong moi 6 lwong ttr (mbi AO) chi c6 thé co 2 electron ¢d spin ngwoc nhau dugc
biéu dién béng 2 mii tén ngugc nhau

Vidu:

N(z=7) ¥ 28  2p°
M) ] [ ]

Thong thuong chi can viét cdu hinh electron doi véi cac phan mirc & |¢p ngoai cung
vaphéan mirc d hodc f & 16p sat ngoai cung ma chua bao hoa.
Can lvu y rang cdu hinh nai trén 12 d6i voi cac nguyén ti & trang thai co ban. Khi bi

kich thich electron cé thé nhay |én nhitng phan mirc cao hon trong cling mdt mirc.

Vi du:
28" 2p°
C(z=06) D trang thai co ban.
C* trang thé kich thich.

Nhu vay & trang thai co ban C c6 hai electron ddc than con & trang thai kich thich

no6 co bon electron doc than. Chinh cac electron doc than nay |a cac electron hoa tri.

Y =R R ~ ~ - 7 ~ b v \]//[\ ~ Y
Chua y: biéu dién 2 electron cung mét orbital cé thé |a hodc : nhwng néu la

electron doc than phai la

MOt sO vi du:
a) O (Z=8) = Cau hinh electron:

Dang chi? 1§ 28 2p°

Trang
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Dang 6 luong t&r (orbital)

Nhung ta cting c6 thé biéu dién don gian hon: [He] 2s%2p*
b) S (Z=16) = Cau hinh electron:

Dang chir 1 28 2p° 3¢

3p*

Dang 6 luvgng ti (orbital)

Biéu dién don gian hon: [Ne] 3s°3p*
c) Cu (Z = 29) = cdu hinh electron
- Dang chit (chwa hoan chinh): 1s* 2s?2p° 3s%3p° 4<? 3d°

- Dang hoan chinh (c6 su voi béo hoa): 15* 2572p° 3s%3p°3d™ 4s

- Dang 6 lvong ti:
Biéu dién ngén gon: [Ar] 3d™ 4s*

d) Cr (Z=24) = céu hinh electron
- Dang chit (chwa hoan chinh): 1s* 2s?2p° 3s%3p° 4< 3d*

- Dang hoan chinh (c6 sy vdi ban bdo hoa): 1s% 2s°2p° 3s?3p°3d° 4s

Trang
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- Dang 6 lvong ti: l

Biéu dién ngdn gon: [Ar] 3d°4s'
Giai quyét van deé 2

Khi co cdu hinh electron, chiing ta dé dang biét dwoc dic diém cdu tao nguyén ti:
cO bao nhiéu |¢p electron, mdi 1Gp cd bao nhiéu electron, 16p ngoai cuing chtra bao nhiéu
electron, nguyén tir cd bao nhiéu electron hda tri...

Vi du:
S (Z=16) = Cau hinh electron:

Dang chi? 1 28 2p° 3¢  3p*

suy ra

- Nguyén tlr Sco 3 16p electron, I6p 1 co 2e, [6p 2 cd 8 valdp cubi cung cod
6e.

- Lép ngodi cung co 6e

Dang 6 lvong ti (orbital)

cho thdy & trang thai co ban S cé héatri 2, tuy nhién [6p thir 3 cé phan |¢p 3d cb thé cho

electron nhay |én tir 3p 1én 3d nén chiing c6 thé c6 hdatri 6 1atdi da:

S (& trang théi bi kich thich)

Trang
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1 28 2p° 3" 3p° 3d?
O (Z=8) = Cau hinh electron:

Dang chi? 1 28 2p*

Dang 6 lugng t&r (orbital)

Suy ra, O chi ¢c6 2 16p electron, chi co 2 electron hda tri va O khdng bi kich thich
nhw nhv S nén O chi c6 héatri 2 duy nhat.
1.3 BANG HE THONG TUAN HOAN CAC NGUYEN TO
HOA HOC
1.3.1 Lich s ra doi

N&m 1869, nha hoa hoc ngudi Nga D. Mendeleev sap xép cac nguyén to theo

chiéu tang dan cua trong lvgng nguyén ti.

Dua vao tinh chat ctia chiing, Ong da dinh chinh lai khéi lvong nguyén tir ctia 1/3 s&
nguyén t6 da biét. Ong da bo tréng mot s6 6 danh cho nhitng nguyén t6 chua tim ra,dw
doan su ton tai cla 11 nguyén té chwa biét dong thdi dw doan trudc tinh chat can ké cla 3

nguyén t6 chuwa tim thdy trong cac 6 tréng do.

Nhung khi ra doi thi bdng tuan hoan bi don ti€p mot cach lanh nhat. Tac gia cla

dinh luat bi cong kich vi " chi dwa vao dinh luat do minh tim ra, chwa duoc thira nhan ma

Trang
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da stra doi nhitng dir kién da dwoc thira nhan ... Viéc tién doan tinh chat ctia cac nguyén

t0 chua biét c6 phai lachuyén vién vong khong ?".

Mendeleev vitng tin vao s ding dan cta dinh luat nhung khdng dam tin vao rang
minh s& s6ng cho ti "cai ngay Vi dai dy, khi ma cac nguyén td do dng tién doan duoc tim
ra"' bdi vi lGc dy viéc tim ra cac nguyén td chi langau nhién,

Chi trong vong 15 nam, 3 nguyén td6 mong doi (gali, gemani, scandi) da duvoc tim

ra, voi su trang hop ki la véi tinh chat do Mendeleev duy doan.
1.3.2 Bdc diém clia bang hé thong tuan hoan cac nguyén t6 héa hoc

a. Nguyeén tac sip xép

Béang hé thdng tuan hoan céc nguyén t6 duoc sip xép theo cac nguyén tac co ban

> Céc nguyén t6 duoc sip xép theo trat tir ting dan sd hiéu nguyén tir (sd thir

tw) tlr tréi sang phai vatlr trén xuéng dudi.

» Nhirng nguyén t6 ma nguyén ttr c6 cung so 16p vé electron duoc xép trong
cung 1 hang; cung sb electron héa tri thudc phan 16p s, p duoc xép trén
cung mot cdt. Cac nguyén t6 ma nguyén tlr c6 electron cudi cuing thudc

phan [6p d, f dwgc xép vao cot phu (phan nhém phu).
» Céc nguyén t6 ma nguyén tlr co electron cudi cung thudc phan I6p s, p
dugc xép vao nhdm chinh, nhém A. Nhém phu duoc ky hiéu la nhém B.
b. Cac dac diém noi bac
Theo két qua nghién ctru tinh dén ndm 2015, bang hé thong tuan hoan cac nguyén
t6 hda hoc chira s6 lwvgng cac nguyén t6 dwgc x€Ep trong 7 chu ky (hang) va 8 nhdm (cot)
cd mot sd dac diém:
> Hang ngang duoc goi 1a chu ky, ky hiéu bang s thudng tir 1 dén 7. Cot
ding goi 1a nhom, danh ddu bang s La ma tir | dén VIII va co ghi kém
theo ky tu A (d6i v&i phan nhom chinh) va B (d6i véi phan nhom phu).
> Chuky 1 chi c6 2 nguyén t8, chu ky 3 va 4 c6 8 nguyén t6 trong moi chu
ky. Tl chu ky 4 tré di c6 dén 18 nguyén t6. Bac biét, chu ky 6 va 7 c6 thém

Trang

27



Gido trinh Héa hoc Bai cuvong va Vo co

cac nguyén to thudc ho Lantan va Actini nén s6 lvgng nhiéu hon 18 nguyén
to.

» Céc nguyeén td thudc phan nhém IA, 11A goi la cac nguyén to kim loai dién
hinh. Cac nguyén t6 thuéc phan nhém VIA va VIIA la cac nguyén td phi
kim dién hinh. Cac nguyén td thudc phan nhdm VIIIA goi la cic nguyén to
hiém hay khi tro vi chang ton tai véi sO lvgng gi¢i han va tro vé mat hoa
hoc & diéu kién thvong, do do ching ton tai dugc & dang ty do (don chét).

» Cé&c nguyén td thudc phan nhém phu (nhém B) thong thuwdng la cac nguyén
t0 kim loai chuyén ti€p vi ching ¢ dac diém va céc tinh chét Iy héa trung
gian gittakim loai va phi kim.

1.3.3 MGi lién hé gilra vi tri nguyén td trong Bang hé théng tuan hoan cac
nguyén td va ciu hinh electron

Chung ta co thé suy doan vi tri ciia cc nguyén to tlr cu hinh electron clia nguyén
tlr nguyén t6 d6 va nguoc lai nhuw sau:

Cau hinh electron < biét: s0 16p (chu ky), tong sO electron (sd hiéu nguyén tt),
s electron & 16p ngoai cling (nhém).

Vi du 1: Nguyén tlr clia nguyén t6 Ca (Z = 20). Xac dinh vi tri cia nguyén t6 Ca
trong bang hé théng tuan hoan cac nguyén té héa hoc?
Giai:

C4u hinh electron; Ca[Ar]4s® < c6 4 16p electron, c 20 eletron, c6 2 electron
thudc I6p ngoai cung < Cad chu ky 4, 6 thir 20, thubéc nhom I1A.
* CAac nguyén t6 co electron cudi cung dwgc phan bd vao phan 16p s, p (ns'np”) thi ching
thudc phan nhoém chinh (nhém A) tire la phan nhom (x+y)A.

Vi du 2: Mn languyén t6 thudc chu ky 4, nhom VIIB. Xac dinh cdu hinh electron
clanguyén ttr Mn?
Giai:

Mn la nguyén t& nhém B nén co cau hinh electron ngoai cuing cé dang:

(n-1)d* ng’

Trang
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Mn |&nguyén t6 thudc chu ky 4, nhém VIIB nén: (4-1)d°4s” < 3d°4s”
— CAu hinh electron ciaMn: Mn [Ar] 3d°4s”

* Cac nguyén td co electron cudi cung dugc phan bd vao phan I6p d, f thi chiing thudc

phan nhém phy (nhém BY):
(n-1)d* ng’ : x+y < 8 <> nhdm (x+y)B
(n-1)d* ng’ : 8< x+y < 10 <> nhém VI1IB
(n-1)d* ng’ : x+y > 10 < nhom { (x+y) — 10} B
1.3.4 Binh luét tuan hoan cac nguyén to
a. Phét biéu dinh luat

Tinh chat cta don chat cling nhv tinh chat va dang cta hop chat clia cac nguyén

t0 hda hoc bién doi tuan hoan theo dién tich hat nhan.
Céc tinh chét clia chat c6 thé hiéu rang:
b. Bién thién tinh chat trong mét chu ki

Khi di tir dau dén cudi chu ki, dién tich hat nhan tang dong thoi ban kinh lai giam di.
Két qua la lam tang lwc hat gitra hat nhan va electron |6p ngoai cung, c6 nghia la lam

gidm tinh khtr va tang tinh oxy hoa.

Céc nguyén t& phan nhém VIIIA c6 cdu hinh b&o hoa (ns? np®) nén rat bén virng,
khong cho va cling khong thu thém electron & diéu kién thudng nén hau nhv khéng tham
gia vao phan (rng hod hoc (trir digu kién rét thich hop). Nhw vay moi chu ki (trir chu ki 1)

duoc bat dau bang mot kim loai kigm vakét thic bang mot nguyén 6 hiém.

T6c do bién thién tinh chéat clia cac nguyén t6 & cac chu ki nho rat nhanh. Trong khi
do6 & cac chu ki Ién cham hon nhiéu, chu ki cang [6n téc do bién thién cang cham. Vi du &
chu ki 2 chi ba nguyén t6 dau (Li, Be, B) da chuyén tir mot kim loai manh (Li) sang mét

phi kim. Nhwng & chu ki 4, tir K dau chu ki dén Ga (qua 11 nguyén t6) van lakim loai.

Sau day la bang so liéu vé ban kinh nguyén tir clia cac nguyén t6 bién thién tuan

hoan theo chiéu tang dién tich hat nhan:
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Bang 1.2 Ban kinh nguyén tr ciamdt s6 nguyén t6 (don vi: Z\)

A 1A A IvA VA NMIA NMIIA VIIA
H He
0,37 1,22
Li [Be B C N 0 F Ne
152 1,13 08 (077 (070 066 (064 160
Na Mg Al [S P S cl Ar

186 (160 1,43 1,17 1,70 104 (099 191

K Ca Ga Ge AS Se Br Kr
2,31 1,97 1,22 1,22 1,21 1,17 1,14 2,01

Rb Sr In Sn Sb Te I Xe
244 2,15 1,62 1,40 1,41 1,37 1,33 2,20

Cs Ba TI Pb Bi Po At Rn
2,62 1,17 1,71 1,75 1,46 1,40 1,40 -
Fr Ra
2,70 2,20

c. Bién thién tinh chat trong mot phan nhém chinh

Trong mdi phan nhoém chinh, theo chiéu tir trén xubng dudi, tinh khir ting va tinh
oxy hoa giam. D6 la vi, di tir trén xudng, ban kinh nguyén tlr tang dan (tang s I6p
electron), dién tich hat nhan cling tang, nhwng ban kinh tang nhiéu, anh hudng Ién dén

[we hut gitra hat nhén va electron ngoai cung.

d. Bién thién tinh chat trong mot phan nhém phu

Tinh chat hoa hoc clia cac nguyén t6 gilra cac phan nhém chinh rat khac nhau. T
kim loai dién hinh dén phi kim, khi tro. Con cac nguyén to thudc phan nhém phu di cho
c6 tinh chat khac nhau ciing déu la kim loai. Diéu dé cho thdy sv bién thién tinh chat &

cac nguyén t6 thudc phan nhém nay (nguyén té d vaf) larat cham chap.

Céc nguyén t6 d thudc cung mot phan nhém phu cé phan 16p d séat [6p ngoai cung
valép ngoai cung gidng nhau. Ching chi khac nhau vé ban kinh nguyén t&r va dién tich
hat nhan. Theo chiéu tir trén xudng, dién tich hat nhan tang nhiéu nhung ban kinh nguyén
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tlr ting khdng dang ké, dan dén tang lwc hat cla hat nhan déi véi eectron & 16p ngodi

cung. Do do tinh kim loai gidm.
Vi du:

Phan nhém IB Phan nhom |1B

Cu Zn
Ag Cd
Au Hg

Trong nhdm IB Cu la kim loai tvong ddi hoat dong nhuwng Au la kim loai tuong doi

bén va kho tham gia phan (rng nhu Cu (trong cung diéu kién).

Trong nhém 1B cling twong tw: Zn ¢6 tinh khtr manh, Hg cé tinh khir yéu, ding sau

H trong day hoat dong ctiakim loai.
1.3.3 Ly luan quy luét bién doi cac tinh chat
a. D6 am dién clia nguyén t6

Do am dién la dai lwgng cho biét kha nang nguyén t&r cla mdt nguyén t6 huat

electron lién két vé phia nd. x cang |&n thi nguyén tir cang dé thu electron.

Do am dién cla mdt nguyén t& A nao dé duoc tinh bang biéu thic:

Xa = latBEs (18)
2

la: Nang lvong ion hod, do la nang lvong can dé tach mot electron ra khoi

nguyén ttr A. | cang I&n thi nguyén tir cang khé nhudng electron.

Ea: a luc electron, do la nang lwgng toa ra khi nguyén tr A nhan dwgc mét

electron. E cang 16n chitng td nguyén tir cang dé thu electron.
Trong lién két gitra 2 nguyén tir A va B dé tao raphan tir AB.
NEu X g > X a thi electron lién két s& 1éch hoac di chuyén vé phia nguyén tr B.

D6 am dién twong ddi clia mot s nguyén td theo Paoling duoc cho & bang sau:

Trang
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Bang 1.3. Do dién am clia nguyén tr mot sd nguyén té

A 1A [1TA IVA VA VIA VIIA VIIA
H He
2.20
Li Be B C N O F Ne
0,98 1,57 204 255 304 344 3,98 -
Na Mg Al Si P S Cl Ar
0,93 1,31 1,61 190 219 258 3,16 -
K Ca Ga Ge AS Se Br Kr
0,82 1,00 1,81 201 (2,18 (255 2,96 2,90
Rb Sr In Sn Sbh Te [ Xe
0,82 0,95 1,78 196 205 2,10 2,66 2,6
Cs Ba Tl Pb Bi Po At Rn
0,79 0,89 2,04 233 202 (200 (2,20
Fr Ra
0,7 0,89

Nhan xét:

Trong mot chu ki, tir tréi sang phai dé am dién clia cac nguyén td tang dan

Trong mo6t phan nhém chinh, tlr trén xudng dugi do am dién giam dan.

Céc nguyén t6 kim loai kiém c6 x < 1. Fr cé x nhd nhat.

Cac nguyén t6 phi kim c6 x > 2. F c6 x Ién nhat.

b. Nang luvgng lién két

D6 la ndng lvgng can thiét dé pha vé moi lién két va tao ra cac nguyén tir & thé khi.
Nang lvgng lién két thuong ki hiéu E vatinh bang Kcal cho mot mol lién két.

Vi du: Ej.y = 104 kcal/mol, Eqy trong H,O = 110 kcal/mol Nang lugng lién két
cang 16n thi lién két cang bén.

C. B0 dai lién két

Trang
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D6 la khodng céch gitra hai nhan nguyén tir khi da hinh thanh lién két. D6 dai lién
két thuong ki hiéu r, vatinh bang A.
Do dai lién két cang nho thi lién két cang bén viing.

Bang 1.4 Do dai lién két va nang lvgng lién két clla mot so lién két

Lién két Phan t&r ro(A) E (kcal/mol)
C-H CH. 1,09 98,7
c-Cl CHCl, 1,77 758
C-F CHAF 1,38 116,3
C-C CeHs

C-C CaHones 1,54 793
Cc=C CaHon 1,34 1405
cC=C CoHonz 1,20 196,7
H- H, 0,74 104,0
0=0 0, 121 1182
O-H H,0 0,96 109,4
SH H,S 1,35 96,8
N-H NH. 1,01 92,0

Do dai lién két cling cé phu thudc vao ban kinh nguyén t& hinh thanh lién két do.
Vidu:H-F,H-Cl,H-Br,H-1c6 do dai lién két ti & thuan véi ban kinh cac nguyén

t: F<Cl<Br< 1, nén do6 dai lién két clla chiing cling 1&
H-F<H-CI<H-Br<H-I

d. Ban kinh nguyén tt

Trong cung chu ky, ban kinh nguyén tir giam tir tréi sang phai. Trong cing mot

nhom, ban kinh lai tang Ién theo sy tdng clachu ky.

Giai thich: Trong cling chu ky, cac nguyén tir mdi nguyén t6 twong tng xem nhu
c6 cung sO 16p (ban kinh twong d6i nhuw nhau). Tuy nhién, dién tich hat nhan tang lam cho
lwe hit cha hat nhan va electron cudi cung tang manh theo chiéu tang dién tich hat nhan,
do do, nguyén tlr cd khuynh huéng co ban kinh, ban kinh gidm theo chiéu tlr trai sang

phai.

Khi d6, cung nhom theo chiéu tir trén xudng, sb 16p electron tang nén ban kinh

tang rd hon.

Trang

33



Gido trinh Héa hoc Bai cuvong va Vo co

C6 thé ndi, ban kinh nguyén tir c6 tac dong dén kha nang thu nhan hodc cho di céc
electron héa tri nén tinh chat hda hoc cling bién doi tuan hoan theo s bién doi ban kinh

nguyén tt.

e. Bién déi tinh chat clia don chat

Trong cung chu ky, tinh khit (cling nhu tinh kim loai) cac don chét clia nguyén to
gidm dan theo chiéu tang dién tich hat nhan. Tlc 13, tinh 6xi hdatang twong ng (tinh phi

kim tang).
Vi du: O ciing chu ky 3: tinh kim loai Na>Mg > Al > Si > P> O,...
tinh khir Na> Mg > Al > Si > 0s,...

Chung ta c6 thé hiéu nguyén nhan la do kha nang cho electron ctia don chat twong
(rng gidm vi luc hat hat nhan tang va dé am dién nguyén ti tang lam cho cac electron hoa
tri kho bi bire ra (cho di).

Cung nhém cac nguyén tir clia nguyén t6 twong (rng theo chiéu tang dién tich hat
nhan (tr trén xubng), don chit dé dang blc electron ra nén tinh khir ting, tinh 6xi hoa

gidm manh.
f. Tinh axit, tinh bazo cla cac oxyt hoac hydroxid twong trng

Oxit 1& c&c hop chét tao bdi nguyén t6 khéc (trir H) va éxi. Hydroxit 1a céc hop
chét c6 chira nhém OH. Vi du nhv CaO, SO,, SiO,,...goi la cac oxit; H,SO, la hydroxit
khéc vai HCI khdng phai |a hydroxit:

@)
HO_ 7
HO™
H,SO, HCI laH - Cl khéng chira nhom —OH.

Trong mot chu ky, theo chiéu tang dan dién tich hat nhan tinh axit bazo cla oOxit
cling nhv cac hydroxit twong (rng bién doi tir tir theo chiéu gidam tinh bazo di qua tinh
lwdng tinh roi tang dan tinh axit.

Quy luat nay thé hién ré nhat & chu ky 3.

NaOH Mg(OH)z Al(OH)3 H28iO3 H3PO4 H,SO, HCI O,

» »

tinh bazo giam lvdng tinh tinh axit tang
Trang
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» [ CAU HOI VA BAI TAPTU LUONG GIA

1.1 Viét cau hinh electron ctia 2 nguyén tr c6 Z = 55 va 79. Hai nguyén td nay co
quan hé gi véi nhau. Nguyén t6 nao la kim loai chuyén tiép, vi sao? Nguyén to nao cd

nang lwvgng ion héa nhé hon?

1.2 Vi sa0 2 nguyén t6 Z = 43 vaZ = 53 ¢ s8 6xi hda cao nhit bang nhau ma s3 oxi
héa thap nhét lai khac nhau?

1.3 Viét cdu hinh clia cac ion sau day & trang thai co ban:

Sr**, Br, Sn**, Fe*, § vaCu’.

1.4 Nang luong ion héa thi nhat vathi hai ciaK (tinh ra kJ.mol™) 14419 va 3052;
cla Cala590 va 1145. Hay so sanh vanéu nhan xeét, giai thich.

1.5 Dung c4u hinh electron giai thich vi sao ion Fe** dé bi 6xi hoa thanh ion Fe**
hon 1a qué trinh 6xi héa Mn®* thanh Mn**,

1.6 Hay néu va giai thich quy luat bién ddi tinh kim loai, phi kim khi di tlr dau dén
cudi mdi chu ky va khi di tir trén xubng dudi trong mot phan nhdm A vatrong mot phan

nhom B.

Trang
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Chuwong 2
CAUTAOPHANTU -LIEN KET HOA HOC

MUC TIEU Sau khi hoc xong, sinh vién c6 thé:
1. Néu dwoc ban chét va cho vi du céc thuyét co dién vé lién két.
2. Trinh bay duoc cac dac diém clamoi loai lién héa hoc.

3. M6 ta vagidi thich dwgc cac dang tap hop phan tir clia chat.

Trir mdt sO khi tro, cac nguyén t&r khong ton tai doc 1ap ma ching thudng lién két
vOi nhau tao nén céac phan tlr. Vay céac phan tir dugc hinh thanh nhuw thé nao? Ban chat

cuacéc lién kétlagi?
2.1 MOT SO BAI LUONG CO LIEN QUAN BEN LIEN KET
2.1.1 MOt O khai niém
DE tim hiéu cac véan dé vé cac loai lién két hoa hoc mot cach dé dang, chiing ta can
phai biét va hiéu mot so khai niém sau day:
a. Lién két héa hoc

Lién két hoa hoc |a sy lién két gilta cac nguyén tir véi nhau bang phwong thirc
twong tac tinh dién hoac gop chung céc electron hda tri vaéi nhau hodc theo céch thirc
twong tw khac dé hinh thanh céc phan tir hda hoc.

Vi du: Trong phan tir HCI c6 1 lién két H véi Cl theo cach gop chung 1 cdp electron
dwoc biéu dién: H - Cl
Trong phan t&r NaCl c6 lién két ion do sy hut tinh dién gitaNa' va Cl".
b. Nang luvong lién két
D6 la nang lvong can thiét dé pha vé mai lién két vatao ra cac nguyén tir & thé khi.
Nang leong lién két thuong ki hiéu E vatinh bang kcal cho mdt mol lién két.

Trang
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Vi du: Ej.q = 104 kecal/mol, Eqy trong H,O = 110 kcal/mol Nang luong lién két
cang 16n thi lién két cang bén.

C. D0 bdi chialién két

Do boi clia lién két hay bac lién két 1a sb cap electron lién két duoc hinh thanh gitra
hai nguyén ttr cho truéc duoc goi la 6 boi cialién két. Vi du do bdi ctialién két gitra cac
nguyén t&r C trong ethan, ethylen, acetylen lan luvot 1a1,2,3.

Do boi clalién két cang 16n thi,lién két cang bén, nang lwgng lién két cang lon va
do dai lién két cang nhd

d. Goc lién két (géc hoa tri)

D6 la goc tao bdi hai mai lién két gitta mét nguyén tlr véi hai nguyén tir khac.

Vi du géc lién két trong cac phan ti H,O, CO,, C,H, nhu sau:

y 3/ N 180° H 12c¢ H
. o
Hoeswd 0=C=0  >cfed oo
H 1200 H

€. b6 phan cuc chalién ké. Mémen lvdng cuwc
Trong nhitng lién két gitra hai nguyén tir khac nhau, do c6é sy chénh léch vé do am
dién, electron lién két bi Iéch vé phia nguyén tlr c6 d6 am dién I6n hon, tao ra & day mot
phan cyc dién tich &m nao do (thwong ki hiéu 6-) con & nguyén tir kia mang mdt phan
cuc dién tich 8+ . Khi d6 nguoi tandi lién két bi phan cuc.
o+ o- d- 26+ b-
H-Cl 0O=C=0
Do phén cuc clialién két dugc danh gia qua mdémen ludng cwc g (muy). g thuong
duoc tinh bang don vi goi 1a Do bai (D).
Do phan cuc clialién két phu thudc vao dién tich trén cuc va do dai lién két.

Bang 2.1 Giatri mémen lu&ng cuc ciia mot so lién két

Lién két H- H-Cl H-Br H-l N=0 C=0
ud) | 19 1,07 0,79 0,38 0,16 0,11
Trang
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Nhan xét: nguyén tir clia hai nguyén t6 c6 do chénh Iéch do am dién cang I6n thi

lién két gilra ching cang phan cuc.

2.1.2 Nhitng thuyét kinh dién vé lién két

a. Qui tac bat iy
Nhirng thuyét kinh dién vé lién két duvatrén qui tic bét tir (octet). X udt phét tir nhan

xét sau day:
Tét ca cac khi trir (trir Heli) déu c6 8 electron & 16p ngoai cung.

Chung rét it hoat dong hoa hoc: khong lién két v6i nhau va hau nhu khong lién két
voi nhirng nguyén tir khac dé tao thanh phan tl, ton tai trong tw nhién dudi dang nguyén

tl tv do.

Vi vay céu tric 8 electron [¢p ngoai cung la mdt cdu tric dac biét bén vitng. Do d6
céc nguyén tlr c6 xu huéng lién két véi nhau dé dat dugc cdu trdc electron bén virng clia

céc khi tro vai 8 (hodc 2 ddi voi heli) electron & [6p ngoai cling.

Ngoai xu hwdng lién két theo qui tac octet, lién két hoa hoc dan dén hinh thanh trang
thai tap hop cac chat con co lién két hidro, lién két Van de Waals, lién két lvdng circ nhat
thoi,... Ching ta c6 thé khéi quét lién két hda hoc thanh 2 nhém chinh:

- Lién két c6 nang lvgng lién két 16n (vai tram kcal/mol): Lién két cong hoatri, lién

két ion, lién két kim loai.

- Lién két c6 nang luong lién két nhé (vai kcal/mol): Lién két hidro, lién két Van de
Wadl,..

Lién két c6 nang lvgng Ién hinh thanh chat, con lién két cé nang lvgng lién két nho

hinh thanh trang théi tap hop clia chét.
Dwa trén qui tac nay ngudi ta da dua ra mot sd thuyét vé lién két nhu sau:

b. Lién két ion. Kossel (Kotxen - Blrc) 1916
Lién két ion dwgc hinh thanh gilra nhirng nguyén t&r clia hai nguyén t6 cé sy chénh

|léch nhidu vé do am dién (thuong Ax > 2).
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Khi hinh thanh lién két, nguyén tr clia nguyén t6 c6 X nhd nhwdng han 1, 2 hay 3
electron cho nguyén tlr cia nguyén t6 cé x I6n hon, khi dé no tré thanh cac ion dwong va
nguyén ti nhan electron tré thanh cac ion am co cau tric electron gidng khi tro. Cac ion

dwong va am hit nhau tao ra phan to.
Vi du:

Na + Cl > Na + CI - NaCl
2&% 2p° 3S! 33p° 28 2p°  3°3p°

Lién két ngang gilta hai chudi peptid trong cdu trdc bac ba clia protein ciing duoc

hinh thanh do twong tac gitta cac nhdm —COO” vaNH;" clia cac phan tir acid amin. Vi du:

hén két ion
(_A_ﬁ
CH- {CHg),- COD H;3N'- (CHp),-CH

glutamat fysin
Nhu vay ban chat clialién két ion lalwc hat tinh dién gitra cac ion trai dau.
Trong lién két ion, hoa tri clia nguyén t6 bang sb dién tich clia ion véi ddu twong

(rng duoc goi ladién hoa tri cllia nguyén to. Trong vi du trén Na co dién hoatri 1+ ,C1 cod

dién hoatri 1-.
Lién két ion lalién két bén, nang luvgng lién két kha lén =100 kcal/mol).

Lwc hdt tinh dién gilra cac ion khong dinh hudng, mét ion duong cé tac dung hut
nhiéu ion &m xung quanh né va nguoc lai. Vi vay nguoi tandi lién két ion khdng c6 dinh

huéng.

Nhiing hop chét ion thwong & dang tinh thé bén vitng va cé nhiét d6 néng chay rat

c. Lién két cong hoa tri Lewis (Liuyt - MT) 1916
Thuyét lién két ion da khong gidi thich dwgc sy hinh thanh phan t&, vi du H,,
O,...(Ax = 0) hodac HC1, H,0... (Ax nho). Vi vay Lewis da dua ra thuyét lién két cong

hoatri (con goi lalién két dong hoa tri)

Trang
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Theo Lewis, lién két cong hoa tri duvoc hinh thanh gitra cac nguyén tir clia cing mot
nguyén td (Ax = 0) hay gilra nguyén tir clia cac nguyén t6 cé s chénh Iéch nho vé dd am
dién (thwong Ax < 1,7).

Trong lién két cdng hoa tri cac nguyén tlr tham gia lién két bd ra 1,2,3 hay 4
electron diing chung dé€ moi nguyén tir dat duoc ciu tric 8 electron (hoic 2€) 6 |¢p ngoai

cung.

Vidu: H H —» H:H H-H H,
O 0 o :0:0: 0=0 0,

'N: N - :NiN. N=N N,

O 00 5000 0=0=0 CQ,

Cac electron gop chung dwoc goi la cac electron lién két, mot cap electron gop

chung tao ra mét lién két va ciing dwoc biéu dién bang mét gach.

Cau ndi disulfid - S-S- gitta hai phan ti cystein clia hai chubi peptid tham gia vao

cau trdc bac ba cla protein ciing lalién két cong hoéa tri

Cys —E8—8—Cys

Trong hop chat cdng hoa tri, hod tri clia nguyén t6 bang b lién két hinh thanh gitra
mdt nguyén tlr clia nguyén t6 do voi cac nguyén tlr khac hodc bang s electron ma
nguyén tir duwa ra gop chung.

Vi du: Trong phan tir CO, hoatri ctia O la 2 clia C la 4, trong phan t&r NH; hoa tri
ctaNla3ciaH lal.

Nguoi ta phan biét hai loai lién két cong hoa tri:

Lién két cong hoa tri khdng phan cuc hay lién két cong hoa tri thuan tuy. Vi du lién
két trong cac phan tir Hy, O,, N, ...(Ax= 0), lién két C - H trong cac hop chat hiru co.
Trong dé cap electron lién két phan bd déu gilra hai nguyén ti.

Lién két cong hoa tri phan cuc. Vi du lién két trong phan t HC1, HF lién két O-H
trong phan ti H,O, N-H trong NH; ... Trong do6 cap electron lién két bi Iéch vé phia
nguyén t&r c6 dé am dién I&n hon.
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H:C1 H:F H:0:H H:N:H
H

Nhu vay mic do phan cuc clialién két phu thudc vao Ax matheo bang cac giatri do
am dién thi Ay c6 thé bién thién tir 0 dén cao nhat la 3,2. Do d6 cd thé coi lién két cong
thuan tuy va lién két ion la hai truong hop gi¢i han cla lién két cong hoa tri phan cuc.

Duwavao Ay cé thé danh gia gan dang mic do ion clia mot lién két gitta hai nguyén t6.
Cl-Cl H-Cl Na'Cl
Cdng hoatri thuan tuy cdng hoatri phan cuc ion

Bang 2.2. Phan tram dac tinh clia cac lién két theo hiéu do am dién

AX 0 05 10 (15 18 20 25 380 32
Pactinh lién kétion% |0 6 22 43 b5 B3 79 89 (92
Pac tinh lién két cong

hoatri %

100 94 718 47 45 37 21 11 8

Qua bang trén ta nhan thay khi Ax = 0 lién két mang 100% dac tinh cong hoa tri
(lién két cdng hoa tri thuan tuy), & giatri Ax =1,8 méi chi dat 55% dac tinh ion. Ngoai ra

ta cling thdy khong c6 lién két hoa hoc nao mang 100% déac tinhion.
Lién két cong hoatri twong d6i bén. Nang luong lién két vao ¢ hang chuc kcal/moal.

Lién két chonhan

Lién két cho nhan con goi la lién két phoi tri co thé xem la mot dang dac biét clia
lién két cong hod tri. Trong lién két nay cdp electron dung chung chi do mdt nguyén t&r
dwa ra goi la chat cho, con nguyén tir kia cé orbital tréng goi la chat nhan.

Vi du su hinh thanh ion amoni tir phén t&r amoniac vaion hydro.

Nguyén t&r N trong NH3 con mot doi electron chua lién két (dong vai tro chat cho),
ion H* co orbital trong do do6 co thé nhan doi electron clia N.

i g H
H: \I + H"-!H:N: H| hay H—N--H
H H

Nhuw vay diéu kién dé hinh thanh lién két cho - nhan la chat cho phai cd it nhat mot
doi electron chua lién két va chat nhan phai c6 orbital tréng.
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Nguoi ta thwong dung dau mdi tén dé chi lién két cho nhan. Tuy nhién trong thirc té
cac lién két nay hoan toan gidng lién két cong hoa tri théng thuong. Lién két nay thudng
ton tai trong cac phan tir phirc chat. Khi do, ion trung tam la nguyén ttr cd nhiéu orbital

tréng, cac phdi t&r [a cac nhdm co cap electron chua lién két.

d. Lién két kim loai

Laloai lién két to hop gitra lién két ion va lién két cong hoa tri, trc 14, cd s xen phi
dién tich am chung clia cac electron toan mang tinh thé va luc hit tinh dién gitra cac
electron tw do va ion duvong & nGt mang. Lién két ndy vitng bén tao ra sy dat khit varan
chic cho khéi kim loai.

Ngoai ra, cac electron ty do con tao ra sy dac trung cho tinh anh kim cta kim loai
khac nhau. N6 quy dinh bdi sd lugng electron tv do, ki€éu mang tinh thé va sd electron
héatri clia nguyén tir kim loai.

Vi du: Au cé mau vang; Ag 6 mau trang anh xam; Cu c6 mau cam do...

c. Lién két Van de Waal

Tap hop céc loai luc twong tac lwdng cwc — ludng cuc nhat thoi, twong tac hdp dan
va trong tac khuéch tan goi lalvc Van de Waal. Chuang chi ¢6 do 1¢n chi vai cal/mol nho
hon nhiéu so v6i vai chuc, tham chi vai tram cal/mol clia cac loai lién két trén day. Tuy
nhién, lién két Van de Waal quyét dinh nhigu tinh chat vat ly clia vat chét, chdng han,
nhiét do sbi (diém soi), nhiét do néng chay (di€ém chay), nhiét do chuyén pha, do tan,

trang théi tap hop (ran-long-khi).

c. Lién két hydro

Lién két hydro dugc hinh thanh & nhitng hop chat trong dé hydro lién két véi
nguyén t&r clia nguyén té khac c6 do am dién l6n (x>3,0) va ban kinh nhé nhu N,O,F. Cac
lién két nay bi phan cuc vatrén nguyén t¢ H c6 mot phan dién tich dwong. Trong khi dé
cac nguyén ti N, O, F mang mot phan dién am va do dé ngoai lién két cong héa tri né
con co thé twong tac vai cac nguyén tir H clia phan tlr bén canh hinh thanh mot lién két

yéu goi lalién két hydro. Céc lién két nay thwdong dwoc biéu dién bang nhirng ddu chdm.
C6 2 dang lién két hydro: Lién két hydro lién phan tir valién két hydro ndi phan tt.

- Lién két hydro lién phan tl: lién két hydro cd thé hinh thanh gira cic phan ti. Vi
du:
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.HM-F&mHM-F&mw+L-._H—O_”H—?_H—O_.
| |
H H H H

- Lién két hydro ndi phan t&: lién két hydro xuat hién trong cung mot phan tt. Vi

LO—H LO-H
@-w};() @\sz
| )

OH 0

amd sal:eyhic 0. nitro phenol

du:

Lién két hydro la lién két yéu, nang lwgng lién két nhd va do dai lién két 1on. Tuy

nhién n6 c6 anh hudng nhiéu dén tinh chat vat Ii va hoa hoc clia phan tlr. Vi du:
Do c6 lién két hydro, H,O c6 nhiét do s6i cao hon H,S co cau tao tuong tw véi no.

Céac phan tir hiru co mang nhéom O - H ¢6 nhiét do sbi cao hon cac dong phan cla

chang khoéng chira lién két nay; alcol so voi ether; acid so v6i ester...
Alcol tan v6 han trong nwéc la do tao dugc lién két hydro véi nuéec.

Lién két hydro tao ra gilta c&c nhom -C = O va -NH clia acid amin trong cac chudi

polypeptid da duy tri duoc cau trdc khéng gian clia phan tir protein.

Tom lai céc thuyét cd dién vé lién két cho phép mo ta va phan loai mét cach don
gian lién két hoa hoc, tir do6 giai thich dwoc mét sd tinh chat clia phan ttr. Tuy nhién cac

thuyét nay co mot sb han ché sau day:

e Nhiéu hop chat hay ion khéng thod man qui tac bét tir nhwng van ton tai mot
céch bén vitng, vi du : NO, NO,, Fe*...

e Chua chi ra dwvoc ban chat cla lvc lién két gitra cac nguyén ti trong phan t&
lagi.
e Khong cho biét cdu tric khéng gian clia cac phan t.
Phan tr [a nhitng hé hat vi md, vi vay li thuyét vé lién két va ciu tao phan ti

phai duoc xay dwng trén co s& ctia co hoc lwong t&r (CHLT).
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Nam 1927 ra doi hai thuyét CHLT vé lién két bd xung cho nhau. D6 la thuyét lién
két hoatri - héatri clia nguyén té vathuyét orbital phan ti (MO).

Luan diém chl yéu clia cac thuyét nay lalién két hod hoc duoc hinh thanh do sv t6
hop céc AO clia cac céc nguyén tir lién két dé tao ra mot hé méi cd nang lwong nhd hon

hé ban dau ma dé chinh la phan tt.

2.2SY PHAN CUC CUA PHAN TU

Mot phan tir duoc goi la phan cuwc khi trong tam dién tich dwong khéng trung véi
trong tam dién tich &m. Khoang céch gilra hai trong tam goi la do dai luéng cuc .

Khi phan t&r chi gdm hai nguyén t&* néu lién két 1a phan cuc thi phan t&r cling phan
cuwc va do dai lwdng cuwe chinh la do dai lién két. Vi du cac phan tir HC1, HBr, CO, NO...
la cac phan tr phan cuc.

Nhi*ng phan tlr cé 3 nguyén t& tré 1én chi phan cyc khi trong phan tlr c6 lién két

phan cuc va céc lién két phan cuc khong triét tiéu nhau (phan t&r cd cdu tric bat doi

xrng). Vi du CO,, SO;, CC1, la céc phan tir khdng phan cuc vi ching co cdu tric doi:

SR LEELE

O Cl
5- 284 8- | |
Q=C=Q PN AN
TR a O C1 Cl

Cl

Trong khi d6 céac phan ti H,O, SO,, CHCI; la cac phan tir phan cwc vi ¢o cau tric
phan t&r bat di xing
CII
0 S O
7N\ /N / \\ Cl
H H H H Cl Cl
Dé danh gia do phan cuc clia phan tlr nguoi ta dung dai lwvong momen lwdng cuc,
cling dwoc ki hiéu la p, vatinh bang Bobai. D6 phan cuc clia phan tir phu thudc vao dién

tich cliatrong tdm va khoang céch gitra 2 trong tam dién tich.

Bang 2.3. Momen lu&ng cuc clia mot sb phan tir
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Phanttr BeCl, |[CO, |SO; HO HS [SO, NH3 CHCI

up.t(D) [0 0 0 [186 [1,02 |1,60 1,46  [1,86

Momen ludng cuc cla nhiéu phan tir cd thé xac dinh dwoc bang con duong thuc

nghiém hodc tinh toan dwa vao momen luéng cuc clialién két.

Momen luvéng cwc la mot thdng sd duoc sir dung trong nghién clru ciu trdc clia phan

ter.

Sv phan cuc clia phan tir c6 anh huéng dac biét dén mot sb tinh chat vat |i clia phan
tl: cac phan tir phan cuc dé dang tan trong dung moi phan cuc. Ngwoc lai cac phan tir

khéng phan curc lai dé dang tan trong dung méi khoéng phan cuc.

wd CAU HOI VA BAI TAPTU LUONG GIA
2.1. Theo qui tic bét tir hdy biéu dién lién két trong cac phan tlr va ion sau day: H,0 ;
NH3, NH4+, COz, SOZ, 803, HNOz, HNO3, H2804

2.2. Sy phan loai cac lién két dya vao do dién am. Cho cac vi du va néu cac diéu kién,

quatrinh hinh thanh céc lién két ion, lién két cdng hoatri, lién két cho nhan.

2.3. biéu kién hinh thanh lién két hydro, nang luvong lién két. Néu nhitng vi du cho thady

anh hudng clialién két hydro dén tinh chat vat ly clia cac chat.
2.4. Hay néu nhitng luan diém co ban clathuyét lién két hoatri (VB).

2.5. Cho vi du, dédc diém clia lién két m valién két 0. So sénh va giai thich vé do bén cla
hai lién két nay.
2.6. So sanh do6 dai lién két va do bén lién két trong cac ion va phan ti:
O-0 (trong H,0,) va O,.
2.7. Khi nao mot lién két bi phan cwc? mot phan tir phan cuc? Phan tlr nao sau day bi

phan cyc: CO,, H,0O, CHC1,, SO,, SO; tai sao?
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2.8. Tai sao CCl, khéng tan trong nwéc con C,HsOH lai tan vo han trong nuéc.

2.9. Dva vao do am dién, hay so sanh do phan cuc clia cac moi lién két : Na—- F; K — Cl;
CaO;H-P, C-H.

2.10. Viét cau tric Lewis cho cac phan ttr sau:

PH, N,H, HCIO; COBr; SeFs
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Chuwong 3
PHU'C CHAT

Muc tiéu bai hoc: sau khi oc xong sinh vién c6 kha ning
1. Goi duogc tén cta cac hop chat phirc.
2. Biét duoc khai quat mot so tinh chat clia phic.

3. Biét dwgc mot s6 phwong phap diéu ché mot sd hop chét phic

3.1 KHAI NIEM VE PHUC CHAT

Trong dung dich, mot s6 ion kim loai ¢ thé két hop véi céc anion hay phan ti
trung hoa tao ra nhitng t0 hop méi goi la phirc chat. Nhw vay, Phirc chat la nhitng hop
chat dugc cau tao tir nhirng phéan ti* hay ion cau thanh cau ndi c6 sy phoi tri phirc tap va

chiing ton tai cac nit mang tinh thé va trong dung dich.
Vi du: Fe** + 6CN™ = [Fe(CN)e]*
Cu** + 4NH3—[Cu(NH3),]**
CU** + 2NH,-CH,-COOH — [Cu(gly),] + 2H*
glycin (gly)

Nhiéu phtrc chat pho bién trong tw nhién va déng vai tro quan trong trong cac qua
trinh sinh hoc.

Vi du: Hemoglobin clia mau 1a phirc clia Fe?*, clorophil clia cay xanh |a phirc clia
Mg*".

Phén (rng tao phirc c6 rng dung réng ré trong phéan tich hoa hoc va trong diéu tri
(phuong phap phan tich complexon, diéu tri nhiém doc chi...).

3.1.1 Phan biét phirc chat va mu6i kép

e Muobi kép lamudi chtra nhiéu thanh phan cation va anion, khi phan li trong
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dung dich gidi phéng cac ion don cé tinh chat la chat dién li. Vi du nhu
phén chua KAI(SO,),.12H,0, ...
Khi hoatan vao nuéc:
KAI(SO,),.12H,0 — K* + AI* + 2S0,% + 12H,0

e Phtic chat ctia Ag* voi NH; chdng han: [Ag(NH5),]CI khi tan trong nudrc,

chdng phan li nhv sau:
[Ag(NH5),]Cl — [Ag(NH3),]" + CI
sau do, ion phirc [Ag(NHs),]"  rét bén va dién li rét it va khong hoan toan:
[Ag(NHz),]" == Ag" + 2NHs
3.1.2 Céau tao phtrc chat
Phtrc chat thudng gdm hai phan: [cau ndi] vacau ngoai.
Vi du: K Fe(CN)g] Kali hexacyano ferat (1)
[Cu(NHs3),4] SO, Tetraamin dong(ll) sulfat

Cau noi duoc viét trong ngodc vudng va thudng 1a cation hodc anion [Cu(NH3)4]**

[Fe(CN)g]*. Phitc c6 cau ndi trung hoa thi khéng cé cau ngoai, vi du [Cu(gly),].

lon kim loai ndm trong cau ndi dwoc goi 1a ion tao phirc hay ion trung tam va

thuong laion clia cac kim loai chuyén tiép nhu: Fe?*; Fe**; Co®*; Ni%*; Cu®...
Céc phan ttr hay anion lién két vai ion trung tam goi la cac phdi tir hay Ligan. Cac
phdi tlr c6 thé co mot hodc nhiéu cép electron chua chia sé, vi du: NHs; H,O; OH ; ...
lon trung tam va phdi tir lién két voi nhau bang céc lién két phdi tri.
3.2 PHAN LOAI HOP CHAT PHUC
Veé co ban, hop chat phirc dvoc chiathanh 4 loai:
3.2.1 Phtrc cation
Phirc chat nay cd cau ndi laion phirc mang dién tich dwong bao
gom: ion trung tam phoi tri (lién két) véi cac phdi t& xung quanh. Vi du:
[Co(NH3)e]**, [Co(NH3),Cl,] ", ...

Trang

48



Gido trinh Héa hoc Bai cuvong va Vo co

3.2.2 Phtrc anion

Phirc chat nay co cau ndi la ion phirc mang dién tich am bao
gom: ion trung tam phoi tri (lién két) voi cac phdi tir xung quanh. Vi du:
[Fe(CN)e]*, [Co(CN)g]*, ...

3.2.3 Phirc trung hoa

Phtrc chédt nay chi c6 cau ndi laion phtrc khdng mang dién tich
bao gdbm: ion trung tdm phéi tri (lién két) véi cac phéi tir xung quanh lam
triét tiu dién tich. Vi du: [Pt(NH3).Cl;], [Pt(NH53),C04], ...

3.3.4 Phirc chelat (phirc vong cang hay cang cua)

Nhirng phdi tr co sd phdi tri tr 2 trd 1én thwdng phdi tri véi ion
trung tam thanh céac vong tao thanh cac loai phirc cang hay phirc chelat. vi du:

CH, — NH, NH, — CH,
| i &
CH, —NH,~? T“NH, — CH,

3.3 GOl TEN HOP CHAT PHUC
Tén goi clia phirc chat duoc goi nhu sau: Tén cation + tén anion.

Tuy theo loai phirc chat ma tén cau ndi duoc goi khac nhau twong (rng véi Ligan
twong tng. Tén Ligan dwoc qui dinh nhu sau:

* Ligan trung hoa

H>O Aqua ho3c aquo
NH; Ammin

CO Cacbonyl

NO Nitrosyl

CsHsN Pyridin

* Ligan anion

HO Hidroxo
X Halogeno
vi du: Cl Cloro Br Bromo
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I lodo
CN cyano
‘NH, amido
S0” sunfato
CO5* cachonato
o* Ox0
NO, Nitrito
‘NO, Nitro
CH;COO Axetato

* Ligan cation
Céc phoi tir nay duoc thém sau la dudi —ium.

S6 lwgng phdi tir dugc doc theo tiéng hy lap: 1 — mono (thdng thwdng khdng ghi); 2 -
di; 3 —tri; 4 —tetra; 5 - penta...

Tén ion trung tam clia kim loai goi theo tiéng Latin thém dudi “at”: Sat — ferat; thiy
ngan — mercurat; nhdm — aluminat; déng — cuprat; ...

Khi cau ndi chra nhiéu loai Ligan thi th* tu goi: Ligan trung hda — Ligan cation
—Ligan anion.

Khi cac Ligan cung loai ta wu tién goi lan luot theo thir tw chir cai alphabet.

Theo nguyén tac:

Cation (doc trwdc) + Anion (doc sau)

3.3.1 Phtrc cation
Trinh tv goi: [ Cau ndi] + cau ngoai
[Cau ndi] : Ténion trung tam(sb 6xi héa) + sb phdi tlr + tén phoi t&r + “0”
Vi du: [Ag(NHs3),]Cl — Bac(l)diammin clorua hay Bac diammin clorua
[Co(NH3)4Cl,]Cl — Coban(lI)tétrammindicloro clorua
Mot sO tai liéu con goi tén ion phirc chat theo cong thirc sau:

S5 phdi tir + tén phdi t “0” + tén ion trung tam (s6 6xi hoa)
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3.3.2 Phtrc anion
Trinh tv goi: Cau ngoai + [cau ndi]
[Cau ndi] : SB phdi t&r + tén phoi tlr + tén ion trung tam “at”(s6 oxi hoa)
Vi du: K4 Fe(CN)e] — Kali hexacyanoferat(ll)
3.3.3 Phtrc trung hoa
Trinh ty goi: [cau ndi]
Cach goi tén twong tu tén phirc anion nhwng ion trung tdm khong thém dudi
“at” va s6 Oxi héa
[Cau ndi] : S6 phdi tlr + tén phdi tlr + tén ion trung tam
Vi du: [Pt(NH3),Cl,] — Biammindicloroplatin
3.4MQT SO TiNH CHAT CUA PHUC CHAT

Trong dung dich phtrc chat phéan li hoan toan thanh ion phtc (cau ndi) va ion don
(cau ngoai), Vi du:

Ka[FE(CN)e] - 4K™ + [Fe(CN)g]*

Sau d6 cac ion phtc chi dién li mft phan thanh ion trung tam va phdi ti:

[FE(CN)g]* == Fe** + 6CN’
Hang sd can bang clia qua trinh dién li mdt ion phirc goi 1a hang sd khdng bén clia

phtrc, ki hiéu laKgg

_|Fe* |CN’ |6

o = relon), [

Tuong tw nhuw céc hang S8 K, Ky, déc trung cho kha nang dién li clia acid va base

yéu, hang s8 K, clia phitc cang 16n thi phtrc cang khdng bén.
S tao phirc c6 anh hwéng Ion dén do tan clia nhirng chat dién li it tan.

Vi du: tich s6 tan clia AgCl béng 1,8.10™ chiing td AgCl rét it tan trong nudéc.
Nhung néu hoatan AgCl trong dung dich c6 chira NH; thi d6 tan clia né s tang 1én hang

ngan hay chuc ngan 1an do kha ning tao phitc cia Ag™ véi amoniac.
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Nhu vay s tao phirc lam tang do tan cliamot chat dién li kho tan.
Tinh chat tlr

Tinh chéat tir clla cac phirc chat co lién quan voi cdu tric electron clia ching. Tinh
chat tir cia mdt phan tr duoc xac dinh bdi momen tir clia n.

Hai kiéu tir tinh pho bién nhat trong céc phtrc chat vo co la :

Néu hé thong nguyén tlr trong phan tl phiic chat khong cé momen tir riéng thi
phtrc chat c6 tinh chat nghich tu.

Khi c6 mat momen tlr riéng thi phirc chat cé tinh thuan tu.

NGi cach khéc, céc phiic chat nghich tir khong chira electron doc than (tat ca cac
electron déu cap doéi) va khéng bi nam cham ht.

Hiéu rng nhiét dong

Trudc hét, chiing ta xét nhiét hidrat hoa ctia céac ion kim loai chuyén tiép day 3d,
nghta la nang luvgng clia phan ng:

M (k) + coH,0 > [ME0)] (3g)

N&ng luong hidrat hoa nay (AHy) co thé xéac dinh duoc bang thuc nghiém duatrén

chu trinh nhiét déng hoc vatrén hinh chiing duoc biéu dién bang cac chdm vuéng.

L kel mol™ I

3000 [ g o

2000 =

] | | | | | | | | | |
Ca Se Ti V Cr Mn Fe Co Ni Cu Zn

Nang lwong hidrat

Nang lwong hidrat ciia mét sé ion hai dién tich
T hinh vé trén ta thdy rang néu ndi cac diém twong (ng véi baion Ca®* nghfa la
tuong (’ng vai cac ion c6 nang lwgng bén hod bdi tredng tinh thé bang khéng thi thu duoc
mot dudng cong déu gan véi duong thdng. Cac tri s AHy, clia céc ion khac déu nam cao
hon dwong cong nay. Néu |8y céc tri sd AH;,xac dinh bang thirc nghiém trir di nang lugng

bén hod tvong (rng clia mdi ion thi cac két qua thu dugc (biu dién bang cac hinh tron
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nhd) vira van nam trén dwdng cong déu. Néu lam nguwoc lai, ta co thé tim duoc nang
lvong bén héatir cac dir kién AH, thre nghiém vatlr do co thé tinh duoc dai lvong thong
s tach Ao.

D6i voi cac phirc chat hidrat clia cac kim loai chuyén tiép & trang thai hoa tri ba,
cac dwong cong thu duoc cling twong tw nhw clia cac kim loai chuyén tiép hoartri hai.

Su phu hop gitra céc giatri Ag thu duoc tir cac dir kién quang pho va cac dit kién
nhiét dong 1a mdt minh chiing vé s ding dan clia s tach mikc ning lueng clia c&c obitan
d.

Quang pho hap phu

Pa s0 phirc chat clia kim loai chuyén tiép la nhitng hop chat c6 mau, nghia la
chiing c6 kha nang hap thu chon loc nang lvgng & ving tréng thdy clia quang phd. Ching
con c6 kha nang héap thu nang lugng ca trong vung tir ngoai (phd tlr ngoai) va ving hdng
ngoai (phd hong ngoai).

Budie sung 1, A

3000 4000 000 TO00
10 +

ab a0 26 20 15 10
Téan s, em 107"

Phé Il;'ip thu cia ion

C6 thé str dung hé sd hap thu mol e dé danh gia cwong do clia cac dai phd clia

phtrc chat kimloai chuyén tiép.

3.5PIEU CHE PHUC CHAT

Khi st dung mot phan (ng nao doé dé tdng hop phtrc chat thi diéu kién can la phan
tng dé phai cé kha nang tién hanh viéc chon phuong phéap téng hop phu thuéc vao hé

nghién clru va khong phai tat ca cac phuong phap déu co thé duoc st dung dé téng hop
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céc phtrc chat. Can phai tim duoc phan trng cho hiéu sudt tong hop cao. Tiép theo latim
phrong phap thich hop dé tach dwoc san phdm rakhdi hon hop phan tng. Thong thwong
ngudi ta st dung phuong phap 1am bay hoi dung méi va 1am lanh hon hop phan tng dam
dic bang nudc da va mudi.

C6 thé phai thém mot vai tinh thé nho clia hop chat dé tao mam hoéc khudy nhe dé
gay rasy két tinh.

— Thém tir tir dung méi tron 1an véi dung mdi clia hdn hop phan tng, nhing khong
hoa tan hop chat, dé 1am két tha sin phdm tir hon hop dung méi (cling c6 thé s dung
thém cac bién phap nhu cach & trén).

— Néu phtrc cht dieu ché 1a anion (hodc cation) thi co thé tach nd bang cach thém
cation

(hodc anion) thich hop dé tao thanh hop chat it tan.

Dadi voi céac phirc chat co chira lién két kim loai-cacbon, vi du cac phirc chat co
kim, cacbonyl kim loai v.v... thi dé tach ching ngoai cac phuong phap trén con cd thé

tinh ché ching bang cach thang hoa, ching cat hodc sic ky.
Téng hop cac phirc chat dwya vao phan rng thé

Phan (rng thé duoc st dung dé téng hop cac phirc chat linh ddng cling nhu cac phic

chat tro

Phan &ng thé trong dung dich nuéc

Pay la phrong phap théng thwong nhat dé tong hop céc phirc chat kim loai. , phirc
chdt [Cu(NH3),]SO, dé dang duoc diéu ché bang cach cho lvgng dw amoniac tac dung
vGi dung dich nuéc clia CuSOy,:

[Cu(Hy0)] + 2NH; — [Cu(NH3)s |7+ 4H,0

Phan (rng thé trong dung mdi khdng nwéc

Céc phan (*ng diéu ché phirc chat kim loai trong dung mdi khéng nuéc hoac trong
hon hop nudc-dung mdi hitu co hién nay duoc tién hanh rong réi. Néu dung mudi khan

ctiacrom (111) va dung méi khoéng nwdc thi phan ting s& dién radé dang

gfe
CrCl3+ 3En — [Cr(En)3]Cly

Tong hop cac phirc chat dwa vao phan trng oxi hoa - khir
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2[Cr(NHs)s]™ + 2H:0 = 2[Cr(NHs)e]* + B, + 201

Chéng han, phtrc chat
[Co(NH3)] Cl5 duoc digu ché bang cach diing O, khdng khi (hodc mdt chat oxi hda khéc)

oxihoa hon hop mudi CoCl, va NH; khi c6 médt muéi amoni clorua:

4[Co(H20)6]C12 + 4NH4C1 + 20NH3 + 02 — 4[Co(NH3)6]C13 + 26H20

= CAUHOI VA BAI TAPTU LUONG GIA
3.1. Goi tén mot sb phirc chat sau:

Br ] B 0803
HaN NHj HaN NH;3
‘cu” SO, ‘cu”’ Br
HN/‘\NH3 HN/‘\NHs
NH NH
al & 3 bl — 3
B ] cl
HaN_  NH3 cl ‘ cl
" F')'t s Pt,.-"" C|_' ‘__NH3
N, Cl
L 1 L | _

c/ d/

3.2. Vitamin B12 duwoc dung dé tri bénh thiéu mau &c tinh va nhiéu bénh khéc. Chiing la
phtrc chat cliaion trung tam nao? Viét cong thirc ciu tao cta phirc chat nay?

3.3. Hay viét cong thirc cau ctia 5 hop chat phirc chelat?
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Chuwong 4
NHIET - DPONG HOC PHAN UNG HOA HOC

Muc tiéu bai hoc: Sau khi hoc xong chwong nay, sinh vién c6 kha ning:
1. Trinh bay dugc khai niém enthal py.

2. Van dung dwoc nhitng dinh luat clia nhiét hoa hoc dé tinh toan hiéu (ng nhiét
cta nhirng phan (rng hoa hoc khac nhau.

3. Trinh bay dwgc ndi dung va giai thich biéu thirc nguyén |i thir hai clia nhiét
dong hoc.

4. Néu duoc y nghia clia cac ham trang thai: entropy va nang lvgng tv do trong
nghién clru cac phan trng hoa hoc.

- Nhiét dong hoc nghién ciru nhitng qui luat chuyén hoda gitra cic dang nang lwong

khéc nhau.

- Co s chianhiét dong hoc la hai nguyén Ii rdt ratir cudc sng clia con ngudi. Goi la
cac nguyén |i vi sy ding dan cla ching khong thé chiing minh dugc bang con dudng

toan hoc ma chi dwoc kiém nghiém bang thuc tién.

- Nhiét dong hoc hoa hoc st dung nhirng két quad nghién ctru clia nhiét dong hoc vao
hoé hoc dé tinh todn vé bién doi nang luvong trong cac phan (ng va rdat ra mot sd dai

lwvgng dé xét doan chiéu hwéng clia mdt phan (rng hod hoc.

4.1 KHAI NIEM
4.1.1 Enthalpy, hiéu trng nhiét

Trong mdt qué trinh dang &p (&p sudt khdng ddi) néu hé khdng sinh cong co ich ta
co:
AU=Q-P.AV hay Q,=AU+P.AV
Trang
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Qp=Uz-U; +PV,-PVi = (U + PVy) - (U + PVy)

KihiéuU + PV =H taco:

Qp=H>H;=AH (4.2)

Nhu vy nhiét trao d6i trong mot qué trinh dang &p bang bién thién ciia mot (dai
lvong maéi goi la enthalpy ki hiéu bang H. Ndi ning va enthalpy ¢6 ban chét giéng nhau,

déu la nang lvgng tiém tang bén trong mot hé hay vat bat ki.
H=U+PV hay AH=AU+P.AV

Céc phan (rng hoa hoc thuong duoc thic hién trong diéu kién &p suat khi quyén

khong doi va néu khong co si thoét ra hay hap thu cac chat khi (AV = 0) thi
AH = AU H=U

Luwong nhiét tod ra hay hap thu vao trong mét phan ¢ng hoa hoc dwoc goi la

nhiét (hay hiéu (rng nhiét) ctia phan &ng.

Hiéu (rng nhiét clia phan (ng thrdong dwoc ki hiéu bang bién thién cia enthal py AH

(vi phan (rng hoa hoc thuong thie hién & &p suat khong doi vakhong sinh cong cé ich).

Phuwong trinh phan (rng hoa hoc c6 ghi rd trang tha ctla cac chat va hiéu ng nhiét

duoc goi la phwong trinh nhiét hoa hoc.
Vi du: C(r) + Oy(k) — CO,(k) AH = - 94,05 kca

Tuy thudc vao ban chat clia phan rng ma nhiét phan (ng dwoc goi theo nhirng tén
khéc nhau: nhiét sinh (hay nhiét tao thanh) nhiét chay (hay nhiét dét chay) nhiét nguyén

tlr hod, nhiét pha vi lién két (hay nang luvgng lién két).
4.1.2 Nhiét tao thanh

Nhiét tao thanh clla mdt chat |a hiéu (’ng nhiét ctia phan (rng tao ra 1 mol chat dé
tlr cac don chét & trang thai bén virng. Ky hiéu la AHs. Néu nhiét tao thanh dwgc xac dinh

& diéu kién tiéu chuan, taco: AHS .
Vi du nhiét clia phan tng:
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2A1 + 3/20, - A1,05 AH°, = - 399,1 kcal/mol
goi lanhiét sinh cia A1,0; vaki hiéu laAH®g
Luu y:

- Nhiét sinh xac dinh & diéu kién 1 atm va 298°K duoc goi la nhiét sinh tiéu chuan

vaki hiéulaAH®s.
- Nhiét sinh clia cac don chét bén bang O.

Bang 4.1. Nhiét sinh tiéu chuén, entropy tuyét doi va bién thién nang lvong tv do sinh tiéu
chuan clia mdt s6 hop chat

Hop chat Coéngthirc | Trangthai | AH°s(kcal/mol) S° (cal/mol.K)

Hydro H, k 0 31,2
Oxy 0, k 0 49,0
Nito N> k 0 45,8
Clo Cl, k 0 53,3
Carbon C r 0 14
Natri Na r 0 12,2
Nuéc H.O I -68,3 16,7
Carbon oxyd CcO k -264 47,3
Carbon dioxyd CO, k -94,1 51,1
Amoniac NH3 k -11,0 45,8
Amoniac NH; dd -193

Hydraoclorid HCI k -22,1 447
Natri clorid NaCl r -98,6 17,32
Anhydrid sulfuro SO, k -71,0 59,3
Anhydrid sulfuric SO; k -94.5 61,4
Methan CH,4 k -17.9 445
Ethan C:He k -20,4 54,8
Ethylen CH, k +12,5 52,5
Acetylen C:H, k +54,2 48,0
Benzen CeHs I +11,7 64,4
Ethanol C,HsOH I -66,4 384
Acetaldehyd CH;CHO I -39,8 63,56
Aceton CH3;COCH; I -59,3 47,55
aAcetic CH3;COOH I 1ll07 38,2
L Alanin CsH;NO; r -134,6 30,91
Glycin C,HsNO; r -128,5 24,76
Ure CH,CONH, r -76,3 25
Saccharose CioH2011 r -531,5 86,19
Glycerin C3HgOs I -160,45 48,95
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4.1.3 Nhiét dét chay

Nhiét dét chay clia mdt chat la hiéu (rng nhiét clia phan rng dot chay 1 mol chat do

dé tao ra cac oxit cao nhat.

Vi dU CzH5OH + 30, —» 2C0O, + 3H,0 AHOC = -327kca/mol

Luu y:
- Nhiét chay xac dinh & diéu kién tiéu chuan dwoc goi la nhiét chay tiéu chuan va
duoc ki hiéu laAH®¢

- Nhiét chéy clia céc oxit cao nhét bang 0.

Bang 4.2. Nhiét dot chay tiéu chuan clia mot sb chat

Hop chéat Trang thai AR Hop chat Trang théi A"
(kcal/mal) (kcal/mol)

Hydro k -68,3 Phenol | -372,0
Methan k -212,8 Aceton | -430,9
Ethan k -372,8 a.Acetic | - 208,3
Ethylen k -337,2 a.Benzoic r -771,8
Acetylen k -310,6 Ethyl acetat I -538,0
Benzen I -7834 Anilin | -811,9
Naphtalen r -123,0 Toluen | -934,5
Clorotorm I -89,2 M ethanol I -173,7
CCl, I -37,3 Ethanol I - 326,7

4.1.4 Nhiét nguyén tir hoa
Nhiét nguyén tlr hoa clia mot chat |a nhiét lvgng can thiét dé phan huy | mol chat &
thé khi thanh cac nguyén tir & thé khi (nhiét clia phan (rng phan huy 1 mol chat & thé khi

thanh cac nguyén tir & thé khi)
Nhiét nguyén tir hoa duoc ki hiéu bang AH
Vi du: H (k) > 2H (k) AHy, = 104,2 keal/mol

CH, (K) - C(K) + 4H(K)  AHcns = 398,0 keal/mol
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4.1.5 Nang luong lién két
Nang lrong lién két 1a nang lvong can thiét dé pha v& 1 mol lién két thanh cac
nguyén tir & thé khi (nhiét clia phan (rng pha v& 1 mol lién két dé tao thanh cac nguyén
tir).

Nang lvong lién két dwoc ki hiéu bang E.

Bang 4.3. Nang lwgng lién két trung binh clia mot sb lién két

Lienkét | Phantt | E (kcal/mol) | Lién két Phantr | E (kcal/mol)
H-H H, 1042 O-H H,0 110,0
C-H CH, 990 [O-H ROH 104,7
c-C CoHs 780 N-H NH; 93,4
c=C CoHa 1400 [C-N RNH, 65,9
C=C C.H» 1930 N=N N, 2254
Cc-C CoHs 1200  |S-H H,S 82,0
Cc-0 C,HsOH 750 S=0 SO, 92,0
c=0 Ceton 1560 [Cl-Cl Cl, 58,0
c=0 Aldehyd 1500 H-C HCI 103,2
c=0 CO, 1680 0-O H,0, 33,0
C=N HCN 2079 0=0 0, 117,0

Luu y: giba nhiét nguyén tir hoa va nang lugng lién két cd méi lién hé véi nhau

Vi du: Ejy la nang lugng lién két gilra hai nguyén ti hydro trong phan t&r H,. Nang

lrgng ndy ciing chinh bang nhiét nguyén ti hod ctia Hy, AHyp = Eny

Nhu vy déi véi phan tir gdm 2 nguyén ti thi nhiét nguyén tir hoé bang nang lugng
lién két nhwng d6i vai phan tir co nhiéu nguyén tir thi nhiét nguyén tir hoa bang téng ning

lvgng clla cac lién két.
Vi du véi phéan tir CH,4 thi AHchs = 4Ecy (Vi trong phan t nay c6 4 lién két C-H)

Mot cach tvong tw AHcops = 4Ec.y + Ec=c (Vi trong phan t&r nay ¢6 4 lién két C-H
vallién két C=C)

4.1.6 Pinh luat Hess— Xac dinh hiéu (rng hiét ctia phan (rng
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Hiéu (rng nhiét clia mdt phan tng chi phu thudc vao ban chéat va trang tha cla cac
chat dau va cudi ma khéng phu thudc vao céch thirc dién bién clia phan (rng. Vi du voi

phan ting C — CO, c6 thé tién hanh theo 2 cach voi cac hiéu (ing nhiét twong tng:

Béng thirc nghiém nguoi ta xac dinh duoc:

CO B
QV w? AHl = AHZ + AH3
{ +{(),
AH,
AH.=.-94,1; AH, =- 26,4 ; AH; = - 67,6 kcd
Céch 2:
H,0 +C,H.OH
[ . AH,

AHy
2C0 + 4H, 9C0, + 4H,0

AH,

Ung dung ctia dinh luat Hess
Tinh hiéu (rng nhiét cia mdt phan (rng dwa vao nhiét tao thanh clia cac chat
Vi du: Xac dinh hiéu (rng nhiét AH, cta phan ¢ng :
Al;03 + 3S0; = Aly(SO4)3
BiétAH%  -399,1 -94,5 -821,0 kcal/mol

ALO, + 350;

AH, I \\AH\K*

ALSO

2A] + 60, +38
I\HI

Theo dinh luat Hess ta co:

AHX = AHl - AHZ

AHX =2 AHOS(Sp) -2 AHOS(tg)
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AHy = - 821 - [3(- 94,5) - 399,1] = 138,5 kcal.

Hiéu (rng nhiét ctia mot phan (ng bang téng nhiét sinh clia cac chat san pham
trir di tong nhiét sinh ctia cac chéat, tham gia phan &ng.
Vi du: Tinh hiéu (rng nhiét cia phan (rng Oxy-hoa glucose & diéu kién chuan.

AH®,
CeH1206(r) + 60, (k) = 6CO(K) + 6H.0(1)

Biét AH g -304,6 -94,1 -68,3
AH®, = 6(- 94,1) + 6(- 68,3) - (- 304,6 +0) = - 670,0 kcal.

Tinh hiéu (rng nhiét ctia mot phan (rng dwa vao nhiét dét chay clia cac chat

Vi du: Xac dinh hiéu (rng nhiét AH, cta phan &ng:
AHC,
2CO + 4H2 - Hzo + C2H5OH

Biét AH®, -67,6 -68,3 -326,7 kcal/mol

Theo dinh luat Hess ta co:

AH,=AH; -AH,

AHX = ZAHOC(tg) - ZAHOC(Sp)

AHy = [2(- 67,6)+ 4(-68,3)] - (- 326,7) = -81,8 kcal

Hiéu (rng nhiét ctia mdt phan (ng bang téng nhiét dét chay cla cac chat tham

gia trir di tong nhiét chdy clia cac chat san pham phan ng.

Nhirng tinh toan dwa vao nhiét nguyén t&r hoa va nang lvgng lién két
Vi du 1: Tinh nang lvong lién két O - H trong phan té H,O bhiét:
AHC o0 = - 57,8 keal/mol

AHy, = 104,2 kcal/mol AH®% = 117,0 kcal/mol

AHC
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H2 + 1/202 > H20
éHH:{ lf?.AH()Q / AH] 120 = 2E0,|1
2H + 0

Theo dinh luat Hess ta co:
2Eon = AHy, + 1/2AHp, - AH%
Eon = 1/2 (104,2 + 58,5 - 57,8) = 110 kcal/mol
Vidu 2:
Tinh hiéu rng nhiét ctia phan (rng hydro hoa ethylen:
CH,=CH, + H, — C,Hg hiét:
Ec-c = 142,5 kcal/mol; Ey.y = 104,2 kcal/mol

Ec-n = 99,0 kcal/mol; Eqc—c = 78,0 kcal/mol

CH~=CH, + H, —__, ¢,H,
T -
Ecetd4Eop+ Eyy 7 B+ 6By

2cl+ 6H /

Theo dinh luat Hess ta co:
AH = Ecc + Ecc- 2Ech - Ecc

=142,5+ 104,2 - 2.99,0 -78,0 = - 29,3 kcal/mol

Hiéu (rng nhiét cia mdt phan wng bang téng ndng lwong lién két trong cac chéat

tham gia trir di tong nang lwvong lién két trong cac chat san pham phan tng.

4.2 NGUYEN Li THU 1l CUA NHIET BONG HOC - DV
DOAN KHA NANG TU DIEN BIEN CUA PHAN UNG HOA

HOC
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4.2.1 Noi dung va cac cach phat biéu
NGi dung:

Nguyén li thir Il dé cap dén mot dac tinh khac clia nang lwgng. D6 la trong khi cac
dang nang lvgng khéc cé thé bién hoan toan thanh nhiét thi nhiét lai chi ¢ thé bién mot
phan thanh céc dang nang lvong khéc.

Phét biéu:

- Khong thé c¢6 dong co vinh clru loai 2 1a dong co bién hoan toan nhiét nhan dwoc
thanh cong (n6i mot cach khéc la khéng thé c6 dong co nhiét lam viéc ma khong chiu

mot sy mat méat nhiét nao).
- Nhiét khong thé tw truyén tlr mot vat lanh sang mdt vat ndng hon (Clausius 1850).

Nghién ctru nguyén Ii thi 11 cho phép rat ra mot so dai lvgng lam tiéu chuan dé xét

doan mdt phan (rng nhat dinh c6 thé ty xay rakhong.
4.2.2 Khéi niém vé entropy
a. Quatrinh tv dién bién

Céc qué trinh ty dién bién 1a qua trinh ty N6 co kha nang xay ra ma khéng can tac

dong tlr bén ngoai.

Vi du:

Nhom qué trinh A

- Nuwc chay tlr chd cao dén chd thap.

- Khi chuyén tlr noi c6 ap suét cao dén noi ¢ ap suét théap.
- Nhiét truyén tir vat néng sang vat lanh.

Trong nhém nay hé mat dan kha nang sinh cong (gidm nang lvong) va chuyén dan

dén trang théi can bang.
Nhom qué trinh B
- Cuc nuéc da ty chay thanh nuoc.
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- Sy khuyéch tén vao nhau clia hai khi khéc nhau,
- Nhiéu phan tng phan huy chét ciing tv xay ravi du: N,O4 — 2NO,

Trong nhém ndy hé chuyén tlr trang théi sip xép co trat tw sang trang thé kém trat tw

hon.

T4t ca céc quatrinh tu dién bién noi trén déu khong thé ty xay ra theo chiéu nguoc

lai, chiing la nhitng qua trinh bat thuan nghich.

b. Entropy

Trong cé&c vi du & nhdm A dé dang tim thdy tiéu chudn dé quatrinh tu dién bién. D6
|& sy chénh Iéch vé do cao (Ah), vé &p sudt (Ap), va vé nhiét do (AT). Vay nhém B tiéu
chudn tv dién bién Ia gi? va tiéu chudn ndo co thé &p dung chung cho cac qué trinh tw

dién bién? do 1a bién thién ciia mot dai lvong moi S goi la entropy vaki hiéu 1a (AS).

V& y nghia vat Ii entropy la thudéc do mac do hon don clia vat chét: (ng voi trang
théi co trat ty (it hon don) S co giatri nhd, hé & trang thai cang hon don S co giatri cang

[&n.

Quéartrinh tu dién bién co xu hwdng dua hé tir trang théi cé trat ty sang trang thai mat

trat tw cling c6 nghta latheo chiéu tang entropy (AS > 0).

Dai véi nhitng quatrinh c6 lién quan dén nhiét

AS>

mile)

(4.2)

Q lanhiét lwgng ma hé da trao do6i trong qua trinh hé chuyén tlr trang thai 1 sang

trang thai 2 con T lanhiét do tai d6 xay ra sy trao d6i nhiét.
Dau = d6i v6i quatrinh thuan nghich, dau > doi véi qua trinh bat thuan nghich.

Vi du: Tinh bién thién entropy cla 1 mol nwéc da néng chay cham chap (coi la
thuan nghich) & 0°C =373°K, biét nhiét ndng chay ctia nuéc da la 1436,3cal/mol.
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Ao Qn _ +14363

=+5,26cal / mol.K
T 273

Tl biéu thirc (2) co thé rat ra két luan:

Trong mot hé co 1ap (Q=0) thi modt qua trinh ty dién bién (bat thuan nghich) kém
theo s ting entropy ctia hé AS > 0, mot qua trinh thuan nghich hay can bang c6 AS = 0.

NG6i mot cach khac trong mot hé cd 1ap néu bién thién entropy clia mot qua trinh ¢
giatri duvong thi qué trinh dé c6 thé tu dién bién, néu bang O thi hé ndm & trang théi can
bang. Nhu vay bién thién entropy 1a mét tiéu chudn dé xét doan mot qua trinh co tu xay

ra khéng trong hé c6 lap.

4.2.3 Nang lvong tw do va tiéu chuén tw dién bién ciia mot qua trinh

T hai nthém qué trinh ty dién bién noi trén tathdy c6 hai khuynh hwéng:
- Hé gidi phong nang lvong (AH< 0) va dat t¢i trang thai bén virng hon.
- Hé tlr trang thai co trat tv chuyén dén trang thai vo trat tw (AS > 0).

Nhu vay ca hai yéu t& enthalpy va entropy quyét dinh khuynh hwéng tw dién bién
clia mot qua trinh nhat dinh. DEé xét doan mot qua trinh cd thé ty xay ra hay khong can
phdi danh gia dong thoi hai yéu to trén.

Né&u mot qua trinh ndo d6 c6 AH< 0 vaAS > 0 thi chic chan [a mdt quétrinh ty dién
bién. Tuy nhién diéu gi s& xay ra néu mot qua trinh khong dong thoi thoda man hai tiéu

chu&n trén va khi dé thi tiéu chudn nao cho phép danh gia chiéu huéng ty dién bién,

Giai phap nay dugc thuc hién khi st dung mot ham trang thai méi bao gom ca hai

y&u td ndi trén. D6 1a thé dang &p déng nhiét hay ning luong tv do, ki hiéu G.
G=H-TS

Bién thién nang lvong tw do khi hé chuyén tir mot trang thai nay sang mot trang théi

khac duoc xac dinh bang biéu thic:

AG =AH - T.DS (4.3)
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Nhu vay AG la nang lvgng lién quan véi bién thién nang lvgng toan phan cia hd
AH trir di nang lvong lam tang d6 hon don ctia hé Q = TAS. N6i mot cach khéac AG la

nang lvong duoc gidi phdng bai hé vaco thé thire hién cong co ich.

Vi rdng mot hé bét ki ludn lubn co xu hwdng giam nang lvong va sinh cdng nén mot
qua trinh s& ty dién bién khi AG < 0. Khi AG = 0 hé dat dén trang thé can bang.

TU biéu thirc nguyén li I: AU=Q+A’-PAV
T nguyén li 1l tacé: Q=TAS
Tw do: A'=AU + PAV - TAS

=Uy,-U+PV,=PV,-TS,- TS,
= (Ut PV, -TS)) - (UptPV-TS)
= (H>TS) - (Hi- TS)
Néuthay H - TS=Gtact: A'=G,- G, = AG = AH - TAS

TU biéu thirc G = H - TStathay nang lvong tv do la mot phan nang lvgng toan phan
clia hé, phan dé trong bién d6i cé thé sinh cong co ich (A' = AG), phan con lai (TAS = Q)

khong thé sinh cong, ton tai dudi dang nhiét, 1am ting dd hon loan ctia hé.
Nhu vay dé xem xét mdt qua trinh co thé ty xay rakhong ta phai xac dinh AG.

4.2.4 Cac phuong phap tinh bién thién nang luong tv do clia phan
rng
a. Tinh theo bién thién enthal py va entropy
AG° = AH° - TAS®
Kihiéu “°” dé chi cac giatri l1dy & diéu kién tiéu chuan (T = 298°K, p=1 atm)
AH° lahiéu (rng nhiét clia phan (rng & diéu kién tiéu chuan, cé thé tinh duoc dwavao

nhiét sinh hay nhiét chay ctia cac chat .

AS° la bién thién entropy clia phan (ng, c6 thé tinh dwgc qua cac gia tri entropy

chuan clia c&c chat S° (bang 4.1). Vi Slaham trang théi nén:
ASO pu = Z Sosp —Z Sotg
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Vi du 1: Cho phan (rng CaCOs(r) — CaO(r) + COq(k)
Biét AH°s (kcal/mol) -288,5 -151,9 -94,0
S° (cal/mol) 22,2 9,5 51,1

- Hoi & dieu kién chudn phan ¢ng trén dién ra theo chiéu nao?

Giai: AG®, = AH®,, - TAS®,

AHOpU, =-151,9- 94,0 + 288,5 = 42,6 kcal/mol

AS’,y = 51,1+9,5-22,2=38,4 cal/mol

AG®,, = 42,6.1000 - 298.38,4 = 31156,8 cal/mol >0

Vay & diéu kién chuan phan (rng khéng tu xay ra theo chiéu thuan vi cé AG°> 0 ma

s8 theo chiéu nghich vi phan (rng nghich c6 AG°< 0
b. Tinh theo thé oxy hda khir tiéu chuan
Bién thién nang lvong tw do chuan clia mdt phan (rng oxy-hoa khir lién quan véi
suét dién dong tiéu chudn E° clia nguyén té galvanic trong dé xay ra phan ¢ng dé bang
biéu thic:
AG°=-nFE°
Trong do n: SO electron trao ddi trong phan (ng
E°: Suét dién dong tiéu chuan = €° ) - €°,
F : SO Faraday bdng 23061 calo/dlg
Vi du: Tinh AG°clia phan trng x4y ratrong pin Dani€lls -lacob:
Cu* +2Zn — Cu+ Zn**
tacO E° = €° corcu - €° znoezn = 0,11V n=2
Vay  AG°=-2x23061x 0,11 = - 5080 calo/mol

c. Tinh theo hing s can bang clia phan (rng
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Bién thién nang lvong tw do tiéu chudn clia mdt phan tng lién quan véi hang s can

bang K cliano qua biéu thirc :

AG® = - 2,303RT IgK (4.4)

Trong dé T: Nhiét do tuyét doi (°K)
R: Hang s khi Ii twéng bang 1,987 calo/mol.K
Vi du: Tinh AG° ciamét trong nhitng giai doan chuyén hoa glycogen:
Glucose -1- phosphat — Glucose - 6 - phosphat

Béang phwong phéap hoa hoc nguoi ta da xac dinh duoc rang & pH = 7 va 25°C hang

SO ¢én bang clia phan trng 14 19.
AG° =-2303. 1,987 . 1g 19 = - 1745 calo/ mal

K&t qua cho thdy & diéu kién chudn, quatrinh laty dién bién,

4.2.4 Thé chuyén nhém - Cac hop chat giau nang lvgng (cao nang)

Ciing nhu nhitng phan trng hoa hoc théng thuwong, cac phan (rng clia qua trinh trao
ddi chat trong co thé ludn ludn kém theo mdt bién thién nang lvong tv do (AG hay AG®).

Cac nha hoa sinh thuong quan tam dén nhirng phan (rng c6 bién thién nang lvgng tw
do am (AG hay AG°<0) v6i y nghia day la phan nang lwvong ma co thé cé thé dung dé
thie hién cong c6 ich nhr céc qua trinh sinh téng hop, van chuyén ion, co co, thirc hién
cac sung dién cliaté bao than kinh...

Nguoi ta thwong s dung danh tir thé chuyén nhém dé chi bién thién nang luong tu
do clia phan rng chuyén mot nhém nhat dinh tr mot phan tlr chat nay (chat cho) sang
mot chét khéc (chat nhan) thuong la nuedc. Nhu vay thé chuyén nhom theo mot nghia hep
chinh la bién thién nang lvong ty do cla phan (ng thuy phan mdt hop chat sinh hoc

(chinh xac hon la thuy phan mot lién két).
Vi du: phan (rng thuy phan ATP trong diéu kién co thé:
ATP + H,0O — ADP + H3PO,
AG® = -7,3 kcal/mol dwoc goi la thé chuyén nhém phosphat clia ATP. Phan (ng

thuy phan acetyl CoA:
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P
CH3-C-S- CoA +H,O -~ CH3COOH + HS - CoA
AG° = -8,2 kcal/mol lathé chuyén nhém acetyl clia acetyl CoA sang nuoc.

Bang 4.4. Thé chuyén nhém clia mot s6 hop chat

Hop chat AG° kcal/mol Hop chat AG° kcal/mol
Creatinphosphat -10,3 Glucose-1 -phosphat -5,0
Acetyl-S-CoA -8,2 Glucose-6-phosphat -3,3
Argininphosphat -7,7 Alanylglycin -4,1
ATP -7,3 Acetyl choline -3,2

Nhi*rng hgp chat c6 AG° > -6 kcal/mol thwong duoc goi la nhitng hop.chét giau nang
lvgng (hay hop chat cao nang). Trong cong thirc cau tao clia cac hop chat nay, lién két tai

d6 xay ra sy thuy phan duoc ki hiéu bang dau - .
Vi du phanttr ATP: Adenosin - P - P-P
Acetyl-8-CoA: CH;COO - S-CoA

Céc phan (rng thuy phan cla cac chat cao nang thuong dong vai tro “kem” nhiing

phan (rng doi hoi nang lvong theo co ché phan tng lién hop rat pho bién trong co thé.

w [ CAU HOI VA BAI TAP

4.1. NOi dung vabiéu thirc clia nguyén Ii thir nhat ctia nhiét dong hoc.

4.2. Hiéu (rng nhiét clia phan ng. Phét biéu dinh luat Hess vé hiéu (rng nhiét clia phan
trng.

4.3. Binh nghia nhiét tao thanh, nhiét dét chay ctia mot chat. Cong thirc tinh hiéu (rng
nhiét ciia phan (rng dwa vao nhiét tao thanh, nhiét dét chay.

4.4. Binh nghia nhiét nguyén t&r hoa ciia mot chat. Nang lvong lién két la gi? Chung c6

guan hé v6i nhau nhu thé nao?
4.5. Tinh hiéu (ng nhiét (AH®,) clia phan tng thuy phéan uré thanh CO, va NH3
(NH,),CO (dd) + H,0O(1) — CO, (dd) + 2NH3 (dd)

Biét AH°s - 76,3 - 68,3 -98,7  -19,3 kcal/mol
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4.6. Tinh AHg® clla Ca(OH), biét hiéu (rng nhiét clia phan ¢ng:
CaO + H,0 - Ca(OH),
AH = -15,26 kcal/mol
AH® cila Ca0 vaH,0 twong tng la: -151,8 va -68,3 kcal/moal.

4.7. Khi dét chay 1 mol glucose thdy thoét ra 673 Kcal. Tinh AH® clia glucose biét AH°
cta CO, vaH,0 twong (ng la: -94,1 va-68,3 kcal/mol.

4.8. Tinh hiéu tng nhiét ctia phan tng: C,H, + H, — C,Hg biét nang lvong lién két E .
=104; E c—c =147; E ¢ =83; Ec.4=98,8 Kcal/moal.

4.9. N6i dung va céch phét biéu nguyén i thi hai cla nhiét dong hoc. Entropy la gi? y
nghia ctia ham s nay?
4.10. Nang lvong ty do lagi? Dyavao no khi ndo mdt phan tng tu dién bién?

4.11.T4c dong clia cac yéu t6 enthalpy va entropy |én chiéu huéng dién bién ctia mot

phan ¢ng.

4.12. Céc phan (ing sau day c6 xay rakhong & diéu kién chuan?

a 30, > 20;AH >0

b. CeHe(h) + 15/20,(K) — 6CO, + 3 H,0 AH =-718,6kcal/moal.

c. CaCOs(r)— CaO(r) + CO, AH = 42,6 kcal/mol.

d. SO,(K) + 1/20, — SO4(K) AH =-23,7 keal/mol

4.13. Tinh bién thién nang lvgng tv do clia phan (ng tring ngung :
Leucin + Glycin — Leucylglycin + H,O

Biét AH°s-154,2 -126,7 -207,1 -68,3 (kcal/moal)

s 49,5 21,6 672 167 (cal/mol)

O diéu kién chuin phan (ng ndy ¢ tvy xay rakhéng?

4.14. Phan (ing sau day xay ratheo chiéu nao & diéu kién tiéu chuan:

H,S(K) + 0,5 0, — H,0(h) + S ()

Biét AH® -4.8 -57,8 kcal/mol.
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S° 29849,1 490 451 7.6 cal/mol.K

4.15. Néu mdt vai phuong phap xac dinh bién thién nang lvgng tv do clia phan ting. Thé
chuyén nhém la gi? Hay cho biét y nghia ctia bang thé chuyén nhdm. Thé nao lalién két
giau nang luong (lién két c6 nang lvong cao)?
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Chuwong 5

PONG HOC PHAN UNG - CAN BANG HOA HOC

Muc tiéu bai hoc: sau khi hoc xong chuong nay sinh vién c6 kha nang:
1. Trinh bay dugc cac kha niém vé téc dd phan iing va cac yéu to anh hwdng dén
toc do phan (rng héa hoc.

2. Van dung duoc céc hang sO can bang: hang sb phan i axit va bazo.

Dong hoa hoc nghién clru vé tdc dd clia cac phan (rng hoa hoc va cac yéu t6 anh
hwéng dén tdc do nhu: ndng do chat phan (rng, nhiét dd, cac chat xdc tac. Trén co s6 do
cho phép tim hiéu vé co ché clia cac phan (rng va van dung céch tinh toan céc dai lvong

théng qua c&c hang s3 can bang..
5.1 KHAI NIEM VA CAC YEU TO ANH HUONG DEN TOC
PO PHAN UNG
5.1.1 Céac khai niém
a. Toc dod phan tng
Néu ta c6 phan ¢ng hoa hoc:
A -B

Téc do trung binh ctia phan (ng dwoc xac dinh bang bién thién nbng do clia chat

tham gia hay chat sin pham clia phan (rng trong mét don vi thai gian.

S_[BL-[B} _A[B]_ A[A]
t,—t, At At
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b. Phan (tng don gidn va phan (rng phtrc tap

Vi du: CH3-N=N-CH3 - CH3-CH3+N, (1)
Hy+1, — 2HI 2
INO + 0, - 2NO, 3)

M&i phan (rng trén duoc goi lamdt phan tng co so.

Phan (*ng phirc tap 1a phan (ng dién ra qua mdt s giai doan (gdm nhiéu phan (ng
co s6). Vi du cac phan (rng thuan nghich, ndi tié€p, song song.

DE xac dinh co ché ciia mdt phan (rng phtrc tap can phai biét toan b cac phan (rng
co s6.

5.1.2 Cac yéu t6 anh huéng dén téc do phan tng

a. Nong do - binh luat tac dung khéi lvong
Xudt phét tir quan diém cho rang muén co phan (ng xay ra thi cac phan tir hay
nguyén ttr phan (*ng phdi va cham vao nhau, vi vay néu s6 va cham cang I&n thi toc dd

phan (rng cang Ién, ma sd va cham lai phu thudc vao nong do.

Vao nhitng nam 1864 - 1867 Gulberg va WahGer (Na Uy) da néu ramot dinh luat
c0O ndi dung nhu sau:

" & mdt nhiét do khong ddi téc dd phan tng ti 1é thuan véi tich s ndng do
cac chat tham gia phan (rng véi nhitng luy thira xac dinh”
NEu co6 phan tng :

aA +bB - pP

thi theo dinh luat taco :

v=KIA]"[B]" | (5.1)

Céc Iu§ thira m, n dwoc xac dinh bang con dudng thic nghiém. Trong truong hop
phan (rng don gian no trung voi hé sb clia A va B trong phuong trinh phan ¢ng.

Vi du:

Dai véi cac phan irng (1) (2) (3) & trén ta co:

v=ky [CoHeN2]
Trang
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v=ko[Ha[l2]
v=kg[NOJ[O]
Trong phuong trinh ctia dinh luat tac dung khéi lvgng (phwong trinh 5.1):
[A], [B]: nbng do chdt A vaB tinh bang mol/1.
k: hang sb téc dod phan tng. Néu [A] = 1, [B] = 1 khi d6 v = k.

Nhu vay k chinh latdc dd clia phan (rng khi ndng dd cac chat phan ¢ng la 1 don

vi. Vi vay k con duoc goi latdc do riéng clia phan tng.

Gia tri cia k khéng phu thudc vao néng do, chi phu thuéc vao nhiét dé va ban

chat cla cac chat phan &rng.
Bac va phan tr sb ctia phan rng
Trong dong hoa hoc cac phan (rng dwgc phan loai theo bac va phan tlr so
Bac phan ¢rng

Bac phan (g latong cac sd mii cia ndng do viét trong biéu thirc clia dinh luat téc

dung khdi lugng, tic labang m + n.
Vi du: Céc phan tng (1), (2), (3) tvong tng la cac phan rng bac 1, 2, 3.

Bac phan (rng c6 thé la sd nguyén nhung cling cé thé 1a phan so (thwong doi vai
phan (rng phirc tap).
Phan tr s6 ctia phan rng
Sy phan loai phan (ng theo phan t&r sb lién quan truc ti€p vbi co ché thuc cla
phan (rng. Phan tlr sd la sd tiéu phan (phan t&r, nguyén tlr hay ion) dong thoi twong tac

v6i nhau trong mot phan ting don gidn. Vi vay phan t& sd chi co thé 1a sd nguyén.
Vi du: trong phan &ng:
CH3-N:N-CH3 —> CH3-CH3 + NZ

Tham gia vao twong tac chi cd6 mét phan t&r. Vi vay phan (rng cé phan tir s la mot

hay phan irng don phan tu.

Trong phan ng : H, + 1, — 2HI dé tao thanh san pham hai phan tr H, val, phai

dong thoi tham gia vao mot twong tac vi vay phan (ng c6 phan tir sd bang hai hay phan
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tng lwdng phan tir. Nhitng phan (ng c6 phan tir s6 bang 3 hay cao hon thwong it gap vi
X&c suat dé dong thoi 3 phan tlr phan (rng véi nhau rat nho.
- Trong nhi*ng phan (rng don gian thi bac phan (ng thwong tring véi phan tir so.
- Phrrong trinh t6c d6 clia cac phan (ng xdc tac bang enzym co dang dac biét:

_ kl[EL[S]
V= <, +[S] (5.2

Trong d6 [S] la ndng dod chat phan tng hay thwong goi landng dd co chat, [E], l1a
nong do enzym, Ky lahang s8. Trong céc phan (rng enzym nguoi ta khong sir dung khéi

niém bac phan (rng vi ching 1a nhirng phan (rng phtrc tap.
b. Nhiét do
Nghién ctu anh hwang clia nhiét do dén tdc do phan rng cho phép tim hiéu ban

chét clia nhitng twong tac hoa hoc dong thoi tim dwgc ché do nhiét t6i wu cho phan (ng

hoa hoc
Nhiét do da anh huéng dén téc d6 phan (rng theo nhitng cach khac nhau.

k

a T b T
Hinh 5.1. Buong biéu dién cac dang khéc nhau anh hwdng
ctianhiét do dén toc do phan (rng
Dang duong cong (5. | @) la phd bién doi voi phan (rng hod hoc.

Dang duong cong (5.1b) thuong gap & nhitng phan ting cé lién quan dén cac hop
chat sinh hoc nhu cac protein enzym. V6i cac protein, & trang thai tw nhién, toc dd tang
theo nhiét do nhung khi dat dén mét nhiét dd nao doé ching bi bién tinh, mat hiéu qua xdc

tac va do do toc do phan (rng gidm.
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NGi chung tdc dd cla da s3 phan (rng hod hoc tang Ién khi ting nhiét d6. Anh
huwdng nay tuan theo mot 6 qui tac sau day.
Qui tac van’t Hoff (Van H6p)

"Khi nhiét d6 ctia phan (*ng ting 1én 10°C thi hang sb téc dd phan tng (cling 1a

toc do phan (ng) tang Ién tir 2 dén 4 lan",

g = k::lo = 2—4 (53)

:
Kr+10 : hdng s6 t6c do & nhiét do T+10

kr : hdng s6 t6c do & nhiét do T

y : hé sb nhiét do ctia phan &rng.

Trong treong hop téng quét biéu thirc clia dinh luat van’t Hoff c6 dang:

k

n _ T+nl0
g -

kT
Vi du: mdt phdn trng c6 hé sb nhiét do y = 3. Hoi tang nhiét do 1én 40° thi toc do
phan (rng tang Ién bao nhiéu lan.
Giai: theo qui tic van’t Hoff ta co:

kT+4.10 _ -34 =81

kT

Biéu thirc Arrhenius (Aréniux)

Anh hudng clia nhiét do dén téc do phan ¢ng duoc biu thi mdt cach chinh xéc

hon va ap dung duoc trong mot khoang nhiét do rong hon qua biéu thirc Arrhenius:

Ink=--—+B (5.4)
RT

R: hang s khi, co giatri bang 1,98 cal/mol.K

B: bing 0.

E: hang s8 d6i véi mdt phan ¢ng xac dinh, nghta 1ané phu thudc vao ban chét clia
cac chat phan (rng. E duoc goi lanang lvong hoat hoa clia phan tng.

Tl biéu thirc Arrhenius ta thdy khi nhiét do tang toc d6 phan (ng tdng. Mat khéc
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phan tng c6 ning lueng hoat hoa cang [¢n & dién ravéi téc do cang nho.
Thuyét va cham hoat dong va nang lvgng hoat hoa

Thuyét va cham

DEé cac nguyeén tir hay phan ttr ¢ thé phan (rng dwoc vdi nhau ching phai va cham
vao nhau. Do d6 t6c do phan ting s8 tang 1én khi sb va cham (hay tan s6 va cham) tang.

Thuyét va cham khong gidi thich dwgc sy khac biét rét |6n gitra két qua tinh toan |i
thuyét va cac két qua thwc nghiém. Vi du:

Theo tinh toan khi nhiét do tang 10°C sb va cham chi tdng ~ 2% nghta la téc do
chi ¢ thé tang ~ 2% nhung trong thuc té theo qui tic Van’t Hoff téc dd phan t¢ng lai ting
it nhat la 200%. Diéu nay khong thé gidi thich duoc néu chi dwa vao sd va cham don
thuan.

Thuyét va cham hoat dong (hay thuyét hoat hod) va nang lvgng hoat hoa

Thuyét nay cho rang khdng phai moi va cham, ma chi nhirng va cham clia cac
nguyén tir hay phan tir hoat dong (goi 1a céc va cham hoat dong) méi dan dén phan tng.

Céc nguyén tir hay phan tir hoat dong la cac nguyén tir hay phan tr c6 mét nang
lvgng dv da I6n so voi nang lvgng trung binh ctia chiang.

Nang lvong t6i thiéu ma mdt mol chat phan (rng can phai c¢d dé chuyén cac phan
tl cha ching tir trang thai khong hoat dong tré thanh hoat déng goi la nang lwvgng hoat
hoa cla phan ¢ng.

Nhu vay theo thuyét hoat hod, phan irng: A + B — P ¢6 thé hinh dung nhu sau:

A+B - A*+B* . AB* P

Céc phan tr A va B can phai dugc hoat hoa thanh A* va B* khi d6 tao thanh hop
chat trung gian hoat dong AB* vacudi cung phan huy dé tao ra san pham P.

Nhu vay dé co thé phan (ng dugc véi nhau phan tlr cac chat phan (ng duong nhu
phai vuot qua mot hang rao nang luong. B6 chinh la nang lwvgng hoat hoa clia phan tring
(hinh 5.2). Néu nang lvong hoat hoa cang nhé thi toc do phan (rng s& cang lén. Vi vay khi
xét kha nang phan (rng nguoi ta thuong ding dai lvong nay dé so sanh.

Xéc dinh nang lvong hoat hoa clia phdn ¢ng
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Béng thuc nghiém xac dinh hang s0 t6c do clia phan (ng & it nhat hai nhiét do khac nhau
T, vaT,. Khidbé ta co:

Ink; =—£+BvalnkT2=—£ twr do:
! RT, RT,
k
AU (5.5)
T2_T1 le

Vi du: Xac dinh nang lvgng hoat hoa ctiia mot
phan (ing biét rang trong khoang nhiét dé tir 17 dén 27°c
phan trng c6 hé sb nhiét do y = 2,8.

Gidi: Ty = 17+ 273 = 290°K
T, =27+ 273 = 300°K

~1,98.290.300

E 2,303192,8 =17850cal / mol

c. Anh hudng clia xtc tac
Mot sO khéi niém vé xuc tac
- XUc téc la hién tugng lam tang toéc do cla phan (rng khi c6 mat nhirng chat dac

biét, goi la nhirng chat xuc tac, cac chat nay sau khi tham gia vao phan (rng dugc hoan tré

lai vé lugng va chat.
Thuong xdc tac dwoc chiathanh 3 loai:

- XUc tac dong thé: cac chat phan (rng va chat xdc tac tao thanh mot pha dong nhat
khi hodc long. Vi du:

SO, + O, » SO, dong pha khi
CH;COOC,Hs5 + H,O — CH3;COOH + C,HsOH dong phaléng

Trong xUc tac dong thé phan (rng xay ra trong toan

bd hé tich clia hé phan (ng (trong khéng gian ba chiéu), C awr
toc do phan (rng ti 1€ thuan vdi ndng do chét xdc tac. / ,-\
| /IAKI* Y
Xuc téc di thé: cac chét phan (ng va chat xdc tac a [;"‘?k“it
e A e x N \
tao thanh mot hé di thé (khong dong nhat). / ‘ \\
. B [;’:3_ ............. ; '-\
Trong xUc téac di thé phan ng dien ra trén bé . Cifﬂ
mat chét xuc téc (trong khdng gian hai chiéu). T6c dd Tién trinh phan tng
phan ng ti 10 thuan véi bé mét chét xuc téc. Hinh 5.2. Bién d6i nang luong

trong phan &ng khi c6 va khéng
Trang
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. - , L NEng lugng
- XUc tac enzym (xuc tac r
; AY+BT=AB
Zimaza
__________________ n
\
L]
\'\
F / \
/ \
!
“A+B P

Tién trinh phan tng
Hinh 5.3. Budng biéu dién bién déi nang
Ivgng trong quatrinh phan ng

Vi dU CgH]_zOG - 2C2H5OH + 2C02

Enzym la céc chat xuc tac sinh hoc - chat xUc tac clia co thé sing, nd co ban chat
la protein.

Co ché vavai tro cliaxuic tac

Phan (tng c6 xuc tac thuong dién ra qua nhiéu giai doan trung gian (tao ra cac hop
chét trung gian):

Vi du phan (*rng gitta 2 chat A va B khi cd mat chat xdc tac K

K
A+B - C+D

Co ché dién ra nhu sau: truéc hét mot trong nhirng chét phan (ng s& phan trng voi
chét xuc tac tao ra mét hop chat trung gian [AK]*, sau d6 hgp chat nay lai phan Gng tiép
vGi chat phadn (rng thir hai tao ra hop chét trung gian [ABK]*. Cudi cung [ABK]* phan

huy tao ra san pham va hoan tra lai chét xdc tac
A+K - [AK]*
[AK]* + B - [ABK]*
[ABK]* -~ C+D+K

Céac hop chét trung gian (cd dau sao) thuong cé nang lugng cao, khéng bén, chi

ton tai trong mot khodng thoi gian rat ngan clatién trinh phan tng xdc tac.
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Vi du:

Phéan trng thuy phan acetat ethyl co xuc tac H dién ra nhu sau:

@] OH
% /
CHs-C+ HY & CH5-C"
AN
OC2H5 OC2H6
Hop chét trung gian OH

OH

/

CH5-C" N H,O - CH3COOH + C,Hs0+H,
OC,Hs Hop chat trung gian
C,HsO + Hy — CoHsOH + H*
Trong xUc téac di thé cac hop chat trung gian hinh thanh gilra cac nguyén tir trén bé
mat xUc tac va cac chat phan ¢ng.
Vi du: phan (rng hydro hoa hydrocarbon khéng no cé xuc tac Ni.

RCH=CH, H., RCH-CH,H.H  RCH»CH, H  RCH,-CHs

Giai doan 1: sy hap phu cac chat phan (ing |én bé mat chét xUc tac.

Giai doan 2, 3: hinh thanh hop chéat trung gian va phan (rng trén bé mat xdc tac.
Giai doan 4: tao thanh san pham phan (rng va tach ra khoi bé mat.

Trong xuUc tac enzym céc chat phan ¢ng dugc goi la co chat. Gilta co chat va
trung tam xdc tac clia enzym hinh thanh cac hgp chét trung gian enzym co chat.

Nhu vay s c6 mit clia chdt xic téc 1am cho phan (ng dién ra qua mot sb phan
(rng trung gian c6 nang lvong hoat hoa thap hon so véi phan (rng khdng cé xuc tac (hinh

5.5) va do d6 lam tang toc do phan ng.
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Théng throng nang lvong hoat hod clia nhiéu phan (ng nam trong nhung gidi han

sau:
Phan &ng E (kcal/mol)
Khdng xuc téac 30-45
XUc tac vo co 15- 30
XUc téc enzym 8-12

Céc phan rng xUc tac bang enzym c6 nang luvong hoat hod thap hon nhiéu so voi
nhitng phan (rng khdng cé xlc tac hodc c6 xdc tac vo co. Do dé nd cé thé lam cho cac
phan (rng trong co thé dién ravé cting nhanh chéng.

Vi du phan trng phan huy hydro peroxyd: 2H,0, - 2H,0 + O, .Néu khdng c6 xic
tac thi doi hdi moét nang lwgng hoat hoa la 35,96 kcal/mol. Khi c6 xUc tac platin E =
24,02 kcal/mol, con khi dugc xuc téc bang enzym citalaza chi can mdt ning lvong hoat
ho& 14 kcal/mol.

Mot s6 dédc diém clia xUc tac

- Chaét xuc téc chi ¢6 thé lam tang tdc do clia phan trng ma khong thé gay ra dwoc
phan (rng. Biéu nay cd nghta la d6i véi nhitng phan (rng khdng c6 kha nang xay rakhi xét
Ve tiéu chuan nhiét dong hoc thi khdng thé tim duwoc chat xUc tac cho no.

- Chat xdc tac lam tang téc do phan (rng thuan bao nhiéu lan thi cling lam tang t6c
dd phan (rng nghich bay nhiéu lan.

- Chat xUc tac 6 tinh chon loc. M6t chét xuc tac thwong chi cé thé x(c tac cho
mot phan (rng hodc mdt loai phan (rng nhat dinh. Tinh chon loc thé hién dac biét ro doi

V@i cac enzim vi vay nguei ta thuong noi cac enzym co tinh dac hiéu cao.

- M6t lvgng nho chéat xuc tac cé thé xuc tdc cho mot lvgng [¢n chat phan (ng. S&

di nhu vay lavi, vé nguyén tic, xdc téc khdng bi thay déi sau phan tng.

5.2 CAN BANG HOA HOC
5.2.1 Phan trng thuan nghich - Hang s3 can bang

Phan (ing thuan nghich 1a phan ng dién ratheo hai chiéu
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A+ B <K—l_> C+D
Vi du: CH3;COOCH + H,0O <i—2’ CH3COOH + C,HsOH
T6c d6 phan tng thuan v, = k; [A] [B]
T6c d6 phan tng nghich v, = k, [C] [D]

Trong qua trinh phan (ng téc do phan (rng thuan gidm dan con téc do phan (rng

nghich tang dan. Khi v; = v, ngudi tandi phan tng dat téi trang thai cdn bang:
ki[A]' [B]' =k, [C]' [D]'

Tw doératra:

K - _[cllD] (5.6)

k,__[Al[B]

Nhu vay K¢ lati s gitra tich s nong dd céc chit san pham phan (rng va tich sd
ndng do céc chat tham gia phan (ng n6 duoc goi 1ahdng 6 can bang clia phan ¢ng.
K¢ 1a dai lvong dic trwng cho mot can bang, K¢ cé giatri cang 16n chirng td can

bang chuyé&n nhiéu hon theo chiéu thuan.
5.2.2 Nguyén |i chuyén dich can béang Le chatelier

"Khi mdt trong nhitng diéu kién ton tai clia can bang nhu: ndng do, nhiét do, &p

sudt bi thay déi thi can bang s& chuyén dich theo chiéu chéng lai tac dung thay di do"
Vi du 1: FeCl; + 3KSCN =2 Fe(SCN); + 3KC1
vang nhat dé dam

Khi can bang da duoc thiét 1ap néu ta thém vao hé mot it tinh thé KC1 ta nhan
thdy mau nhat di. Diéu do ching td can bang da chuyén dich theo chiéu nghich tic 1a
chiéu lam gidm bét ndong do KCl. Nguoc lai mau dé s& dam Ién néu ta thém KSCN hay
FeCl; chitng t6 can bang da chuyén dich theo chiéu thuan da lam giam nbng do céc chét
thém vao.

Vidu2: N, +3H, < 2NH; AH<O

Phan (rng theo chiéu thuan tod nhiét lam cho hé néng Ién déng thoi lai tao ra it s6
phan t& hon do d6 lam giam &p suat trong hé. Vi vay néu gidm nhiét d6 (lam lanh hé phan

trng) thi can bang s& chuyén dich theo chiéu thuan |a chiéu toa nhiét. Néu tang ap suét (vi
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du bang cach nén hé) thi can bang st phai chuyén dich theo tao ra it sd phan ti hon, téc
[a chiéu thuan.

Trong tong hop amoniac, dé tang hiéu suat clia phan (ng nguoi ta thwong thuc
hién & p suat rat cao va nhiét do twong doi thap.
5.2.3 Hang s6 phan li acid, base

Do6i v6i cac phan (ing thuan nghich 1a sy phan li khéng hoan toan cua céc acid

ho#c base thi hang s can bang chinh 1a hang s6 phan li acid (K,) hodc hang s phan li
base (K,).

Vidu: CH;COOH =—— CHCOO + H°

, Ka
khi do: K, = ICH:000 JIH"]

* |cH,co0 |
Vidu: NHg + H,O == NH," + OH e

i do: , = NH O]
L GH

Dwa vao gia tri hang sO phan li cla acid, base ngudi ta cd thé so sanh dd manh,
yéu clia ching.

w[ CAU HOI VA BAI TAP

5.1. Nong dd cac chat phan trng anh hwdng dén tdc dd phan (rng nhu thé nao? Hay
phét biéu vaviét biéu thirc clia dinh lut tac dung khoi lugng. Bac phan tng lagi?
5.2. Phan hiét bac phan (*ng va phan ttr s clia phan ng.

5.3. Phan ting 2NO + O, —» 2NO, la mdt phan (rng don gian. Téc dd phan ng
thay doi nhu thé nao khi:

Tang ndng d6 O, 1én 4 lan
Tang ndng d6 NO va O, |én 3 1an.

5.4. Nhiét do anh huvdng nhu thé nao dén toc do phan (rng, thé hién qua biéu thirc
vaqui tic nao?

5.5. Mot phan (rng c6 ké sb nhiét do y =3,1. Hai khi tadng nhiét do thém 40° téc dd
phan (ng tang I&n bao nhiéu lan.

5.6. Hé s0 nhiét do clia mot phan tng bang 3. Hoi can phai tang nhiét do 1én bao
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nhiéu do dé téc do phan (g tang 1én 243 lan.

5.7. Trinh bay n6i dung co ban clia thuyét hoat hod. Nang lvong hoat hoa ciia mot
phan tng lagi?

5.8. Tai sao sy c6 mat cla chat xuc tac lai lam tang téc do phan (ng. VE va giai
thich gian d6 nang lugng clia phan ting khi cé va khdng cd médt chat xdc tac.

5.9. Hang s3 can bang clia mdt phan (ng |a gi? Hay phét biéu va minh hoa nguyén
li chuyén dich can bang qua céc vi du.

Céc can bang sau day chuyén dich thé nao khi tng nhiét do, khi tdng ap suét:

A.N;+ 0O, = 2NO AH>0
B.2CO+2H; == CH,+ CO; AH<O0
C. Ca0 + CO, — CaCOs3 AH<O
d. N,O, == 2NO, AH>0

5.11. Thé nao la phan wng thuan nghich, phan (ng ndi tiép? Cho vi du.
5.12. Cho vi du vé phan (ting day chuyén. Nhiing giai doan co ban ctia mot phan

(rng day chuyén.
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CHUONG 6
PAI CUONG VE DUNG DICH

Muc tiéu bai hoc: sau khi hoc xong chrong nay sinh vién c6 kha nang:

1. Binh nghia ddng va tinh toan duoc cac loai nong dd khac nhau sir dung trong
dung dich.

2. Binh nghia dung dung dich chat dién li.

2. Nhan biét va tinh toan dwgc pH clia dung dich acid, base.

4. Binh nghia ding va phan biét duvgc cac loai dung dich dém.

6.1 DINH NGHTA VA PHAN LOAI DUNG DICH

Dung dich lamdt hé dong nhat ctia hai hay nhiéu chat co ti 1é khac nhau.
Vi du: dung dich NaCl, dung dich NH3, O, trong nuéc.

Trong cac dung dich nay nwéc la moi trwong hoa tan, duoc goi ladung méi, cac
chét khac goi la cac chat tan.

Theo ban chét clia chét tan ngudi ta phan chiathanh ;

- Dung dich khdng dién li: chét tan ton tai trong dung dich dw6i dang phan tr. Vi
du: C;HsOH, O, trong nuéc.

- Dung dich dién li: trong dung dich c6 mat ca phan t&* vaion. Vi du dung dich cia
cac muobi, acid, base... trong nuéc.

6.2 NONG DO DUNG DICH
Nong dd dung dich la dai lvgng biéu thi lvgng chat tan trong dung dich.
Trong thuc té cd mdt O céch biéu thi nong do nhuw sau:
6.2.1 Nong dé phan tram. Ki hiéu %
Nong do phan tram biéu thi bang sd gam chét tan trong |00gam dung dich.
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C% =5 x100% (6.1)

d

Vi du: Dung dich nuéc mudi sinh ly 5% (trong 100 gam dung dich c6 5 gam
NaCl)

6.2.2 Nong dé mol hay mol/lit. Ki hiéu M

Nbng dé mol duoc biéu thi bang s6 mol chéat tan trong | lit dung dich.

n
Cu =1 (62)

dd

Vi du: Dung dich NaOH 0,1M la dung dich c6 0,4167gam NaOH (1mol NaOH)
trong | lit dung dich.

6.2.3 Nong do duong lvong. Ki hiéu N

Nong do dwong lwgng duoc biéd thi so dwong lwgng gam chét tan trong 1 lit dung
dich.

Cy
Vi mct: Khoi lvgng chat tan (g)
E; Buong lvong gam cua chat tan (g)
V4. Thé tich dung dich (lit)
Puong lvong gam ctiamot chét 1a lwong chét do tinh bang gam trong phan (ng két

hop (hay thay thé) 1mol nguyén t&r hydro (1,008g).

e-M (63
g

Cach xac dinh sé dwong lwgng gam (y)
Néu la acid, n 1a s6 H* ¢d trong phan tt acid.
y=3H
Vidu: ypg =1
Néu la base, n la s6 OH" c6 trong phan tir base.
y=20H
Vidu: Ynaon =1
Néu 1a mubi, n bang téng s& hoa tri ctia cac kim loai (hodc phi kim) cé trong mudi.
y=2()=20)
Vidu: ynac =1
Néu la chat oxy héa hoac chat khtt, n 1a s6 electron cho hay nhan cla chat dé.
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y =3 so electron trao doi
Vi du: trong phan trng
KMnO, + FeSO, + H,S0, — MnSO, + Fe,(S0,)3 + K,S0, + H,0
mot phan tir FeSO, nhan 2 electron— y =2

Puong lvgng gam clia hop chat trong phan trao doi

Puong lugng gam cllamét acid H,A bang khéi lvgng mol clian chiacho s6 s6
duong lvgng gam acid.

M M
E- -
9 acid ZH+

Puong lvong gam clia mot base M (OH),, bang khéi ltgng mol clia né chia cho s6
dwong luong gam base.

E_ M _ M
gBase ZOH7

Puong lugng gam clamdt mudi bang khdi ligng mol cliand chia cho s duong
lugng gam clia mudi.

M M
E-_— 7
Imue Z(“‘)

Vi du: trong phén (rng
NaOH + H,SO, —» Na,SO, + H,O

MNQOH

My, so Mya,s0
Enaon = =40g; Egy 5o, = — 2= 49g: Eyg,s0, = — =+ = 142g

2
Puong lvgng gam clia hop chét trong phan (rng oxy hoa khr

Purong luong gam cliamdt chét trong phan (ng oxy hoa khir bang khdi lvong mol
chia cho s6 dwong lwvgng gam oxy héa khir

E:M M

Ooxn-k Z €

Vi du: trong phan (ng

KMnO, + FeSO, + H,SO, - MnSO, + Fez(SO4)3 + K»,SO, + H,O
modt phan tr KMnO, nhan 5 electron. Vi vay
E M KMnO4 158

KMno4 = T = ? = 31,60.
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Nhuv vay dung dich KMnO, 0,1 N cé chira 3,169 KMnQ, trong mét 1 lit dung dich

Nong do dwong lugng gam dwoc s dung rong réi trong hoa hoc, dac biét trong
cac phrong phap phan tich thé tich. O day viéc tinh toan két qua dua trén dinh luat dwong
lvong.

Theo dinh luat duong lwvong: “cac chat héa hoc don chat hay hop chat phan
trng v6i nhau theo cting s duong lwgng gam” cé thé suy rarang: khi hai chét phan ¢ng
vira dd v6i nhau thi s8 dwong lvong gam d& phan (ing clia chét nay ding bang s dugng
lvgng gam da phéan (rng clia chat kia.

Vi du: néu V4 lit dung dich chat A ndng d6 Cya phan (rng vira di véi Vi lit (lung
dich chat B c6 nong do Cyg. Khi d6 ta co:

S6 dwong lvgng gam chat A daphan ing la: Va. Cya
S duong lvgng gam ehat B da phan ¢ing & V. Cys
Theo dinh luét dwong luvgng ta co:

Va. Cya = V. Cus (6.9

Trong hoé hoc phan tich, khi biét Vg . Cyg Va xac dinh duoc V4 (bang céch chudn
d0) ta co thé tinh duwoc Cya .

6.2.4 Nong d6 molan. Ki hiéu m hay C,

Nong d6 molan biéu thi s6 mol chéat tan trong 1000 gam dung mdi.

M =" xi000  (6.5)

dd

Vi du: dung dich glucose 0,5m la dung dich gom 90 gam glucose trong 1000 gam
nuwac.

6.3 DUNG DICH CHAT PIEN LI
6.3.1 Thuyét dién li Arrhenius (1884)

Nhirng chat & trang thai hoa tan hay néng chay c6 kha nang phan li thanh cac ion
dwong va am dwgc goi la cac chat dién li.

3
i !

=2 B & Ry

T » + > 2 ¥

%4 Ho D L L '
za-{ﬂ-]’-la, w

Hinh 6.1 Sy phén li cia HCI

Tuy thudc vao kha nang phan li ctia cac chat dién li trong dung dich, nguoi ta phan
chia chiing thanh céac chét dién li yéu va chét dién li manh.
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- Chat dién li manh la nhirng chat cé kha nang phan li hoan toan thanh céc ion
trong dung dich, thwdng 1a nhitng hgp chét cé lién két ion hay lién két cong phéan cuc
manh.

Vi du:

- Tat ca cac mudi vo co va hau hét cac mudi hiru co nhu:
KNO; - K* +NO;

NaCH;COO - Na’ + CH;COO
RNH5C1 - RNH;" + C1

- M6t sO acid, base v6 co manh nhu:
H,SO, - 2H" + SO~
NaOH - Na’+ OH’

- Chét dién li yéu lanhitng chat phan li khéng hoan toan trong dung dich, thuwong
lanhiing chat c6 lién két cong phan cuc yéu hay lién két cho nhan.

Vi du: CH3;COOH + H,0O

CH5COO  + H3;0"
NH; + H,0 == NH, +OH
Nhiing chat dién ly yéu thudng gap |a

Céc acid yéu: COz(H2C03), HNO,, H;PO,, H3PO; H,S, 802(H2803), HF, HClO,
HCIO....
Céc base yéu.

6.3.2 Hang O dién li
Dai voi chat dién li yéu, quatrinh dién li ciia chiing trong dung dich thuc chéat |a

mdt qué trinh thuan nghich, nghita 1a trong dung dich cé can bang dong gitra cac phan i
vacacion phanli ra:

AB AT+B
Hang s can bang ctia qua trinh phan i mot chat dién li yéu:

I~ 18]
[AB]  (6.6)

duoc goi lahang s3 dién li, ki hiéu laK

K la dai lwvgng dac trung cho cac chat dién li yéu, né phu thudc vao ban chat chat
diénli. K cang l¢n thi kh& nang phan li cang nhiéu.
a. Hang s8 dién li cha acid
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- Hang s6 dién li chaacid yéu

CH;COOH

H" + CH;COO

_[H*][CH,CO0]

kCB = ka
[CH,COOH]

Vi K, duwoc goi lahdng s dién i cliaacid yéu
- Hang s6 dién li cliaacid yéu phan li nhiéu ndc
Xét quétrinh phéan li ctiaacid H,CO;
H,CO;

H* + HCO; K,=4,3.10"

HCO; =— H* + CO* K,=5,6.10""

Tathdy K; >> K, - Acid yéu phan li nhiéu ndc chiiayéu phan li & nac 1.
b. Hang sd dién |i ciia base

- Hang s6 dién li clia bazo yéu

NHs+H,O0 === NH; +OH

[NH,][OH ]
Keg =Ky =—————
[NH,OH]
V6i Ky, dugc goi 1ahang s3 dién li clia bazo yéu
- Hang 6 dién li ctia base yéu phan li nhiéu nac: Chi yéu phan li & ndc 1.

Trong tinh toan nguoi ta thvong st dung dai lvong pK véi qui wéc pK = - IgK.

Nhu vay tuong rng ta st c6 pK,, pKp, ... MOt chét dién li co pK cang nhé thi cé kha nang
dién li cang manh.

tan n,

6.3.3 D0 dién li
Do diénli lati sb gitra sd phan tir da phan li thanh ion n vatong sd phan tr da hoa
n
a=—
i (6.7)

Do dién li duoc biéu dién bang phan tram (%).

Vi du: Trong mot lit dung dich CH;COOH 0,1M ¢6 0,00158 mol CH;COOH dadién ly.
Khi d6:
podienly @ = > — 0,0158 hay a = 1,58%
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Dai véi dung dich cac chat khong dién i vi du: dwong... thi a =0,

Doi véi dung dich cac chat dién li manh, phan li hoan toan thi a = 1.

Nhuw vay do dién li co thé co giatri 0 < a < 1.

Do dién ly phu thudc vao ban chét chat dién ly, néng do chat dién ly va nhiét do.
Dai voi chat dién ly yéu dung dich cang loang do6 dién ly cang l6n.

6.3.4 M&i quan hé gitra hang s6 dién li va do dién i

Xét phuong trinh dién li clla chat dién li AB:

AB —_— AT+ B

Ban dau Co 0 0
biénli C=0Co aCo aCo
Cén béng Co-0aCo o Co a Co

[A'][B] _ a’C]

Hang sO dién li k =
[AB] C,(1-a)

NSUAB laacidybuthia<<1 - a~ |~

C (6.9
Biéu thirc cho thdy: do dién Ii ti 1é nghich v&i can hac 2 cia ndng do chat dién |i.
D06 la ndi dung clia dinh luat phalodng Ostwald.
6.4 THUYET PROTON VE ACID VA BASE. BRONSTED
(Bronsted - Ban Mach) 1923

Theo Bronsted acid la chat c6 kha nang nhwdng proton, base la chat c6 kha nang
nhan proton:

CH;COOH =— H" + CH3COO

NH,, === H"+NH;
Hay tong quét ta co:
HA H + A

Mot acid HA khi phan li cho ra proton va mét base A HA/A™ dwoc goi lamdt cap
acid - baselién hop.

6.4.1 Su dién li cha nuéc
Nuwéc la chat dién li rat yéu
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H,O === H"+OH"
H,O +H,0 === H,0" +OH"
O 25°C, [H*] = [OH] = 10" mol/I

Tich s6 ion clia nuéc: [H] [OH] = Kw = 10™mol/l (K., dwoc goi 1a tich s6 ion clia
nwéc)

Dé dac trung cho acid, base hay trung tinh nguoi ta st dung mot dai lwong véi quy
woc
pH = -Ig[H"]
Nuwéc tinh khiét c6 [H] =107 - pH=7
Dung dich acid c6 [H"] > 107 - pH<7
Dung dich base ¢6 [OH] > 10" hay [H'] <107 - pH>7
6.4.2 Su dién li chia acid va base trong nuéc
HC1 - H'+CI
CH;COOH == H"+ CH;COO

|

lon H™ ludn ludn két hop véi cac phan tir nwdce tao raion hydroxonium HzO". Vi
vay phan (rng phan li clia cac acid trén day thuc chat |a phan (rng ctia né véi nuéc.

HC1+H)0

H;O" + CI’
CH3;COOH + H,0 =—== H30" + CH;COO

HA+HO =— HO"+A
Tuy nhién dé don gian ngudi tavan viét

HA == H'+A

vahing s dién Ii van duoc tinh bing biéu thirc: K, = [H[;IAA]_]

Twong tv nhuw vay sy dién li ciamot base |a phan (rng ctiané véi nwdce dé tao ra
ion OH" Vi du:

NHs+H,0 === NH,"+OH"

CH5;COO + H,0O CH3;COOH + OH"
vahang s dién li duoc tinh bang biéu thic:

Dé thuan lgi trong tinh toan nguwdi ta con ding dai luong pK, vapKp vai qui véc:
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PKa=-1g KavapKy = - 1gK,

GiltaK,vaKy (hay pK,vapKy ) ctiamot cap acid- base lién hgp cd méi lién hé
sau day: KoKy =K,

pPKa+ pKp = pKy =14 (6.9)

Bang 6.1: Hang s6 dién i (K,) vapK, clamdt st acid yéu

Tén axit Cong thirc phan tir Ka pPK 5

A. Oxalic HOOC-COOH 7,5.10° 1,27
54.10° 4,27

A. Phosphoric H3PO, 7,5.10° 2,13
6,2.10°8 7.21

22.10% 11,66

A. Salicylic o- HOCH,COOH 1.0.10° 3,00
A. Flohydric HF 6,5.10" 3,19
A. Nitro HNO, 4,5.10* 3,35
A. Formic HCOOH 1,8.10" 3,74
A. Lactic CH;CHOHCOOH 1.4.10* 3,86
A. Benzoic CeHsCOOH 6,5.10° 4,19
A. Acrilic CH,=CH-COOH 55.10° 4,26
A. Acetic CH,COOH 1.8.10° 4,76
A. Butyric CHs(CH,),COOH 1,5.10° 4,82

Bang 6.2: Hang sb dién li (K},) vapK,, ciamdt sb base yéu.

Tén Bazo Cong thirc hoa hoc Kp pPK

Diethylamin (C,Hs),NH 9,6.10* 3,02

Ethylamin C,HsNH, 5,6.10 3,25

Methylamin CH3NH, 3,7.10* 343
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Amoniac NH; 1,8.10° 4,74
Hydroxylamin H,NOH 1,1.10°® 7,97
Pyridin CsHsH 1,7.10° 877"
Anilin CeHsNH, 3.8.10™% 9,42
Ure (NH,),CO 1,510 13,82

6.4.3 pH clia dung dich acid, base
a. pH cladung dich acid manh, base manh

- Acid manh phén li hoan toan trong dung dich:

HAA - nH® + A"

C. [H] =n.C,
pH=-Ilg[H*] =-1gn.C,
Vi du: tinh pH cliadung dich HCI 0,1M:
pH=-1g0,1=1

- Base manh phén li hoan toan trong dung dich:

B(OH), -  nOH +

Co [OH] =n.C,

.1 K, 10
[ ]_|OH " nC,

0™
nC,

pH=-Ig =14+1gn.Cb

Vi du: Tinh pH cuta dung dich NaOH 0,01M
pH=14+1g0,01=12

b. pH clia dung dich acid yéu
Trong dung dich, acid yéu phan li theo phuwong trinh:

HA H + A

C. [H]=2

B™
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Lwuy rang [H] =[AT, [HA] = C,- [H']. Thay vao biéu thirc K ;

o ln]

C,—|H"
Khi C, khong qua nhd va K, khong qualén thi c¢é thé coi C, - [H] « C,
T do
Vi du: tinh pH clia dung dich acid acetic 0,01 M biét pK, = 4,76

pH = %(4,76—1910‘2) -338

c. pH ctia dung dich base yéu

Trong dung dich, base yéu phan li theo phwong trinh:

B +Hy,O BH" + OH

Cy [OH]=? = [H=?

_[BHJoH ]
Kb_T

Lwu y rang [BH'] = [OHT, [B] = C, - [OH]. Thay vao biéu thirc Ky:
Kp= [OH _]2 -
C,-for ]
Trong trvong hop gan ding coi Cy, - [OH]=Cy,
[OHT=(Kb-Cp)™

o
(Ky.Cy )2

[H)=
PH=14- (PK-19Cy)
Vi du: tinh pH clia dung dich anilin ndng d6 0,01M biét pK, = 9,4
pH=14- (94-1910%)=8,3
6.4.4 pH cltia dung dich mudi

Trlr cAc mudi tao béi acid manh va base manh vi du NaCl, Na,SO; ... khi tan trong
nudc cho pH = 7, cac mubi con lai ¢ thé cho nhitng pH khac nhau tuy thudc vao ban
chat cia mudi. Nguoi ta thuong néi cac mudi dé bi thuy phan. Vay thuc chat clia thuy
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phanlagi ?
Vi du 1: mudi NH,Cl
Trong dung dich mu6i nay phan li hoan toan thanh cac ion:
NH.Cl -~ NH, +CI
lon NH,4 1amot acid theo Bronsted, no dién li trong nwéc theo phan (ng:

NH;" + H,0O

NH; + H,0 hay don gian la
NH,” === NHz+H"

Két qua latao ramdt lwong HsO" (hay H™) 1am cho dung dich mudi ndy c6 méi
trvong acid pH <7

Vi du 2: Mubi NaCH;COO
Trong dung dich mudi nay phan li hoan toan thanh céc ion:
CH4COONa — CH4COO + Na'

lon CH;COO'™ lambt base, n6 dién li trong nu6c theo phan (ng:

CH3;COO +H,0

CH3;COOH + OH"

Két qua latao ramot lwvong OH™ lam cho dung dich mudi nay cé mdi truvong base
pH > 7.

Nhuw vay: sv thuy phan clia mot mudi |a phan (ng gira ion ctia né véi nudc dé tao
ra acid yéu hay base yéu.

Dung dich cac mudi trén thic chat 1a dung dich acid hay base theo Bronsted.

Vi vay pH cutia cac dung dich nay dwoc tinh theo cac cong thirc doi véi acid va
base yéu.

Vi du: tinh pH cliadung dich (NH,4),SO, 0,05M. Biét pKyns = 4,76
C.=[NH,]=2.0,05=0,1M
PK nHat = 14 -pKywz = 9,24

pH:% (9,24-1¢0,1)=5,12

Vi du: tinh pH clia dung dich NaHCOO 0,01M. Biét pKcoon = 3,76
C,=[HCOQT = 0,01M
PKrcoo- = 14 - pKicoon=10,24
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pH:14-% (10,24-10,01)=7,88

6.5 DUNG DICH BDEM

6.5.1 Binh nghia

Dung dich dém la dung dich cé pH thay doi khong dang ké khi thém vao dé mot it
acid, base hay khi phalodng ching.

Dung dich dém bao gdm mot cap acid base lién hop (acid yéu va mudi clia acid
yéu nay hodc base yéu vamudi clia base nay) vati 1é clia chiing s€ quyét dinh pH clia
dung dich.

Vidu: Dé c6 dém pH & giatri 4,75, chon céap acid — base CH;COOH
(0,1M)/CH3COONa (0,1M). Néu thém vao dung dich 0.001 mol HCI thi pH clahé van
chi & mirc 4,748 gan bang 4,75. Nghia la pH thay déi rat it.

6.5.2 Co ché tac dung dém

Trong hé dém cé mat dong thoi vai mot tuong quan dang ké clia hai dang acid va
base clla mot cap acid - base lién hop. Nghia latrong dung dich dém ludén [udn ton tai can
bang:

HA == H'+A

Vi vay khi thém H* vao dung dich dém can béng trén s& chuyén dich theo chiéu
nghich tao raacid yéu HA. Nguoc lai khi thém base hay phalogng, nong do H* bi giam
xubng thi dong thdi can bang s& chuyén theo chiéu thuan dé tao thém H* va do d6 pH
khong bi thay doi.

6.5.3 Phan loai dung dich dém:
Dung dich dém cd6 2 loai
- Dung dich dém acid: Gom acid yéu vamudi clia acid yéu.
Vi du: CH3;COOH/ CH3;COONa
- Dung dich dém base: G6m base yéu va mudi ctia base yéu.
Vi du: NH4,OH/ NH,CI

Ngoai ra c6 hé dém gébm hon hop hai mudi c6 kha nang trao d6i H* nhw
NaHCO4/ Na,COs5; NaHPO, va NagPO,; hdn hop céc acid amin

6.5.4 pH cua dung dich dém

Gia str dung dich dém acid gém acid HA c6 néng dd C, vadang base lién hop A
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(vi du NaA) c6 nong dd C,. Hang s6 dién i cliaacid laK,. Tt can bang dién li:

HA =—— H + a°

acid base lién hop
WA L [HA
Kt g trae H]=k, e

Ly Ig 2 vé, ta dwgc phuong trinh Henderson-Hassellbal ch:

(A]

H = pk, +1
Y pa+g[HA]

Vi HA lamdt acid yéu, sd mol phan li khdng dang ké nén co thé coi ndng do Itc
can bang [HA] = C,va[A] = Cy,

C
H = pk, +lg==
P PK, gC

a

Mot céach tong quat pH cua dung dich dém:

[Base lién nop]
[Acid lién hop)

pPH =lg

Vi du: tinh pH cliadung dich dém gém: 100ml dung dich CH;COOH 0,05M va
50ml dung dich CH;COONa0,2M.

[0,05x0,2]

pH =4,76+19g [01%0,05]

=5,362
Piéu ché duoc nhirng dung dich dém cé pH khéc nhau bang cach thay déi ti s
nong do dang acid va base lién hop.
6.5.5. Hé dém trong co thé

Trong co thé cd hai hé dém quan trong:

H* + HPO,” trong té b&o chét

- Hé dém phosphate: H.,PO,

- Hé dém bicarbonate: H,CO5 H* + HCO; trong méau
- GitaCO, & phé nang va CO, tan trong mau mao mach cé can bang sau:

+H,0 -H,0

CO,(Phé nang) === CO, === H,CO; (M&u) H*+ HCO5

Hoatan
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Néu vi mét Ii do nao dé H* trong mau tang 1én thi hé can béng trén s& chuyén dich
theo chiéu nghich, lugng CO, hoa tan chuyén vao phé nang roi dugc thai rakhoéi co thé.

Nguoc lai khi lvong H* trong mau giam thi can bang lai chuyén dich theo chiéu
thuan, CO, trong phé nang tiép tuc hoa tan vao mau.

Véi co ché nhuv vay pH clia mau luén duoc duy tri pH trong khoadng gilra 7,35 va
7,45.

= CAU HOI VA BAI TAP

6.1. Binh nghia cac ndng do: phan tram (%), mol (M), molan (m), dwong lvgng
gam (N).

6.2. Néu qui tac tinh duong lwvong gam clia mot chét trong phan tng trao di, phan
(rng oxy hoakht.

6.3. Phét biéu dinh luat dvong lvong va néu (ing dung clia dinh luat dé trong tinh
toan clia phan tich thé tich.

6.4. Tich sd ion cla nuwéc lagi? pH lagi? N6 cho biét diéu gi?

6.5. Tinh pH clia cac dung dich c6 ndng do ion [H'] bing 10% 107"; 10°; 3,1.10%
9.10°® mol/1.

6.6. Tinh pH clia cac dung dich sau:

H,S0, 0,05 M; HC1 0,001 M; NaOH 0,01 M; Ca(OH), 0,02 M.

6.7. Binh nghta acid-base theo Bronsted. Trong nhirng chat sau day chat nao la
acid, base. Viét cac dang acid hay base lién hgp clia ching:
NaNO,; H,N-CH,-COOH.

Dua vao dai lvgng nao co thé so sanh dugc dd manh clia mot acid hay base.

6.8. Sy dién li ciiamdt acid yéu, cdng thirc tinh pH ctia dung dich acid yéu biét
nong do C,lapK, Tinh pH cla cac dung dich:

CH;COOH HCOOH; HNO,; NaH,PO,4; HCN ¢6 nong d6 0,01 M.

6.9. Su dien li cila mot base yéu, cong thirc tinh pH ctia dung dich base yéu biét
nong dd Ch va pKy,. Tinh pH cla cac dung dich:

NHs; C2H5NH2; C6H5NH2 co nﬁng dﬁ 0,01 M.

6.10. Dinh nghia dung dich dém, thanh phan clia mot dung dich dém (tng quét).

Hay gidi thich co ché tac dung dém clia cac dung dich dém sau:
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a. Phosphat NaH,PO,/Na,HPO,.
b. Carbonat NaHCO5/Na,COs.
c. Amoni NH,CI/NHa.

6.11. Cong thirc chung tinh pH ctia mét dung dich dém. Tinh pH cta dung, dich

a 100 ml NaHCO; 0,1M va 25 ml Na,CO5 0,2 M.
b. Hai thé tich bang nhau clia cac dung dich NaH,PO, 0,1M vaNa,HPO, 0,1M

6.12. Su thuy phan cia mudi 1a gi? pH clia dung dich mudi phu thudc vao nhitng
yéu td nao? Viét phuong trinh thuy phan rit gon clia cac mudi sau day:

C2H5NH3C1, CchOONa, KNO,; C5H5NHC]., Na,SOy; (NH4)2804
T d6 cho biét pH clia cac dung dich mudi nay <7 ; >7 hay =7
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CHUONG 7
HOA HOC CAC NGUYEN TO

Muc tiéu bai hoc: sau khi hoc xong chrong nay sinh vién c6 kha nang:
1. Xéac dinh duoc vi tri vacau tric dac diém vé electron clia cac kim loai, phi kim.
2. Liét ké mot so tinh chat héa hoc clia don chat.
3. Viét duvgc phuong trinh phan (rng clia cic hop chat dién hinh.

4. K& ramot s trng dung vavai tro sinh hoc clia don chét va hop chat clia cac kim

loai, phi kim trén

712 NGUYEN TO NHOM A

7.1.1NGUYEN TO KIM LOAI KHOI S
A.NATRI (Na) VA KALI (K)

(b)

Hinh 7.1 (a) natri va (b) kali
a. Dac diém cau tao
NavaK lanhirng nguyén té thuéc nhdm IA, nhdm kim loai kiém.
Ban kinh nguyén t&r Ién va dién tich hat nhan nhé (So véi cac nguyén td trong
cung chu ki).
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Nguyén t& chi cé 1 electron 1¢p ngoai ciing: Na [Ne]3s*, K [Ar] 4s', rat dé mét 1
electron thé hién sd oxy hoa+1
M-le > M
Chung la nhitng kim loai rat hoat déng va c6 tinh khir manh.
Nguyén tir hay cac hop chéat khi chay cho ngon Ira mau dac trung: Na - vang, K -
tim
b. Tinh chat hoa hoc
Tac dung voi oxy
- V6i oxy: Phan (rng nhanh ngay & nhiét d6 thudng tao ra cac oxyd:
2M + 1/20, - M,0
- Khi dét chay (t° cao 130-200°C):
2Na+ O, — Na,O, natri peroxyd
K+ 0O, —> KO, kali superoxyd

- Khi dé trong khong khi: Céc l6p oxyd két hop vaéi hoi nwdc trong khong khi tao
thanh l6p hydroxide. Lép hydroxide nay sé két hgp voi CO, trong khdng khi tao thanh
mudi carbonat. Vi vay nguoi ta thuong gilr chiing trong dau hoa hoac trong khi tro

Tac dung vai phi kim
+ C6 thé phan (rng voi phi kim & nhiét do thuvong:
2M + Cl, —» 2MCl
2M + S > M, S
+ Khi dun ndng, phéan ¢rng véi hydro. Vi du:
2Na+ H, —» 2NaH natri hydrid.

Hydrid cliakim loai kiém duwoc dung dé dinh lvong nwéc trong hop chéat hiru co
bang cach do lvgng khi hydro thoét ratrong phan tng:

MH + H,O - MOH + H,
Phan ¢ng v&i nwéc
Dé dang day hydro ra khéi nuéc do thé oxy hoa khir clia cip Na'/Nava K /K nhd
hon rét nhiéu so vai cdp H/H, , phan ting manh liét vatoa nhiéu nhiét

2M + 2H20 — 2MOH + H2
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Do Na, K dé dang phan tng manh liét voi nwdc nén thwong duoc gilr trong dau
hda
Té&c dung voi acid:

+ V@i cac acid loang nhu HCI, H,S0,: Phan (rng xay ra manh liét va giai phdng
khi H,

H,SO4 + 2M — M,SO, + H,
+ V@i cac goc acid cd tinh oxy héa nhu H,SO,(dd,n), HNO3 thi khi* nguyén t6 tao
acid veé gia tri thap nhat
K+ 10HNO3; —» 8KNO;3; + NH4;NO; + 3H,0
c. Trang thai thién nhién

Do c6 hoat tinh hoa hoc cao nén cac kim loai kiém khong ton tai & trang thaidon
chat ma chi ton tai & trang thai hop chat

- NaCl c6 nhiéu trong nwéc bién hay trong mé mudi.

- NaCl. KC1 trong khoang chat Xinvinit.

- KCI.MgCl,.6H,0 la thanh phan clia khoang Cacnalit

- KNO; va NaNOs trong mo diém tiéu.

- NasAlFg trong criolit

d. Biéu ché

- Bién phan néng chay cac mudi clorua hoac hydroxyd:

2NaCl —» 2Na+ Cl,

4KOH — 4K + O, + 2H,0

- Ngay nay céc hydroxyde cla natri va kali dwoc diéu ché bang dién phan (co
mang ngan) dung dich mubi clorid, vi du:

2NaCl + 2H,0 — 2NaOH + Cl, + H,
e. 'ng dung va vai tro clia cac hop chét ciia kali va natri
Ung dung:
NaOH dugc stir dung nhiéu trong cong nghiép san xudt xa phong, gidy, duong...

- NaHCO; duwoc sir dung trong ché bién thirc pham, nuéc giai khét... Na,COs trong
san xudt thuy tinh, d6 gbm, st...
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- Natri cfing duoc dung dé diéu ché mot so kim loai khé ndng chay nhu titan,
ziconi vamot sb kim loai khac. Hop kim cta natri vakali duvgc dung nhiéu trong cac
phan rng tong hop hitu co...Hop kim cta chi véi natri va canxi dwoc dung lam
chat boi tron 0 truc clia cac toa tau.

- Mubi kali nhu KNO3, KC1... dwgc dung lam phan bon cho cay trong.
Vai tro:
- Na duoc thu nhan vao co thé chi yéu dudi dang mudi NaCl

- Natri ton tai trong co thé chl yéu dudi dang hoa hop voi clorua, bicacbonat va
photphat, mdt phan két hop véi axit hitu co va protein. Na con ton tai & cac gian bao vaé
céc dich thé nhu: mau, bach huyét...

- Gilr vai tro song con: duy tri nong do vathé tich dich ngoai té bao. Na+ laion
chll yéu & ngoai té bao, vi vay roi loan Na" bao gi¢ cling kém theo rdi loan nudc.

- Mudi K thudng cé trong thiic an thuc vat.

- Trong co thé, K ton tai chll yéu bén trong cac mo tuyén, mo than kinh, mo
xuong va co du¢i dang mudi clorua va bicachonat

- Kali gilr vai tro quan trong trong cac quatrinh chuyén hda, tham gia hé thong
dém diéu hoa pH claté bao. Kali gitp diu hoa can bang nudc va dién giai, gidp duy tri
hoat dong binh thuong, dic biét 1a clia hé tim mach, co bap, tiéu hda, tiét niéu

- Kali cling gilp ich cho co thé san xuét ra protein tir cac amino acid va bién doi
glucose thanh glucogen (polysaccharide dy trir chinh clia co thé) mdt ngudn nang lvong
chtl yéu cho moi hoat dong cuia co thé

B. MAGNESI (Mg), CALCI (Ca) VA BARI (Ba)
a. Bac diém c4u tao
Céc nguyén t: Mg, Ca, Bala cac nguyén t6 thudéc nhom 11A.
Ban kinh nguyén t& kha Ién va dién tich hat nhan twong ddi nhé

Nguyén tlr ¢ 2 electron I6p ngodi cing: ns® (Mg 3%, Ca4s” vaBa 6<%) vi vay dé
mét 2 electron thé hién sb oxy ho& +2.

M -2e - M*™
Chung la nhitng kim loat hoat ddng manh va c6 tinh khir manh (Chi sau nhém 1A)
Nguyén tlr hay cac hop chéat khi chay cho ngon Ira mau dac trung:Mg — mau

trang, Ca— mau do da cam, Ba- mau xanh luc.
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b. Tinh chat hoa hoc
Téc dung v6i oxy: O nhiét do thudng tao ralép oxyd bén bdo vé
2M + O, —» 2MO
2Mg + O, —» 2MgO
2Ca + O, —» 2Ca0
Bakhi chéy c6 thé cho BaO,.
Ba + O, » BaO,
Tac dung vaéi phi kim
+ Vi cac halogen (Cl,, Br,) & nhiét do thuong:
M + Cl, > MC1,
+ V@i phi kim khac nhue S, C, P khi nung ndng vi du:
Ca+ 2C — CaC, (carbid canxi hoac canxi cacbua)
Phan trng va&i nwéc
- Ca, Badé dang phan trng vai nuéc & nhiét do thuong:
M + 2H,0 — M(OH), + H,
- Mg phan trng cham véi nuéc néng tao ralép hydroxyd nhay bao vé:
Mg + 2H,0 — Mg(OH), + H,
Tuy nhién I6&p hydroxyd nay c6 thé bi hoatan néu thém mot it NH,C1 dac:
Mg(OH), + 2NH,Cl — MgCl, + 2NH3 + 2H,0
Phéan (rng voi céc acid
- Tac dung voi HCI, H,SO, loang:
M +2HC1 — MC1, + H,
- Téc dung v&i HNO3, H,SO, dac
V&i HNO; loang: 4M + 10HNO3z; — 4M(NOs), + NH,NO; + 3H,0
VoI HNO3 dac: M + 4HNO3; —» M(NO3), + 2NO, + 2H,0
Vi H,SO, dac: M + 2H,S0, - MSO, + SO, + 2H,0
c. Trang thai thién nhién

Ton tai trong tw nhién du¢i dang cac khoang chat:
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- B4 vOi CaCOg, thach cao CaSO,. 2H,0, apatit Cag(PO,)sF
- Magnezit MgCOs, carnalit KC1. MgCl,, MgCl, trong nwéc bién vatrong cac md
mubi clakali.
- Dolomit CaCO3. MgCO:s.
- Baritin BaSQ,, Viterit BaCOs...
d. Diéu ché
Bon chét

- Céc kim loai kiém thd co thé duoc digu ché bang phuong phap dién phan néng
chdy cac mubi clorid tvong (rng:

MClz - M+ CI2
- Ngoai raco thé diéu ché Mg bang phan tng ding C dé khir MgO & 2000°C:
MgO + C —> Mg+ CO
hoéc dung hop kim Fe - Si khir MgO tlr dolomit & 1500°C
CaCO;. MgCO; — Ca0, MgO — Mg + CaO. SiO,

- Trong sd céc kim loai nhom 1A magnesi dwgc sl dung phé bién nhat, dac biét
trong ITnh vuc luyén kim. Mg lathanh phan quan trong clia dura (hgp kim cia Al vaMg)
magnali (hop kim cla Al, Mg vaMn) nhe va c6 do bén co hoc rét cao.

Hop chat

Céc oxyd cliaMg, Ca, Ba nhan dwoc bang phan tng phan huy nhiét muéi
carbonat. Tl thoi cd xwa con nguoi da biét nung da voi (CaCOs) dé thu duoc voi song
(Ca0):

CaCO; - CaO + CO,

Khi téi voi nwdc duoc voi toi (Ca(OH),) languyén liéu quan trong trong xay
dung.

e. U'ng dung va vai tro clia cac hop chét kim loai kiém thé

Ung dung

- BaCl, dé tan dugc dung Iam thudc thir trong phan tich dinh tinh, dinh lvong ion
S0,%, CO4* va diéu ché mdt s mudi khéac clia bari. Do ¢é ddc tinh manh nén BaCl, con
dwgc dung lam thudc trir sau.

- CaCl, khan c¢6 kha nang hat am nén duoc dung dé lam kho khi va chat 1éng hiru

co nhu ether, benzen... Tuy nhién khéng dung véi alcol vi n6 bi tan trong alcol.
Trang
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- BaS0O, lachat khé tan vi vay khong ddc, né co tac dung can quang do kha nang
hap thu rét Ion tia ronghen nén duoc dung trong ki thuat chup X quang.

- Thach cao nung (CaS0,.H,0) khi nhao v&i nwéc co kha nang déng cirng nén
duwgc dung lam khudn ddc, nan tweng, bét bé chinh hinh trong y hoc.

- MgSO, con dwoc goi [amudi chét, dé tan trong nwdc. Trong y hoc dung lam
thubc nhuan trang.

- Cac mudi BaCOs, BasS cling la cac mudi khdng tan nhung lai rat doc doi voi co
thé vi né bi hoatan bdi acid HC1 c6 nhiéu trong da day va ruot.

Y nghfa vavai trd sinh hoc
- Cécion Ca®" c6 y nghta to I¢n d6i véi co thé , dac biét lavai tro tao xwong.
Xuwong dong vat chira khodng 80% Cag(PO,),,13% CaCOs.

- Calci ton tai trong huyét thanh & dang mu6i phosphat vacitrat. lon Ca** c6 tac
dung kich thich hoat ddng ctiatim vatac dung déng mau.

- Calci duoc dwa vao co thé quathtic an thuc vat va sira.
lon Mg c6 trong thanh phan mdt sb enzym, trong chlorophy! clia cdy xanh.

Trong nwéc tw nhién (nwéc ngam, sdng, sudi...) co chita céc ion Ca2* vaMg?*
dwoc goi la nuéc cliing. Nwéc clrng gay tac hai |on doi voi KT thuat va doi song.

7.1.2NGUYEN TO PHI KIM
A.HYDRO
a. Vi tri va dac diém
- Trong bang tuan hoan hydro cé thé dugc xép vao nhém I A hoéc VIIA
- Hydro c6 3 dong vi
L H Proti %H deutteri 3H Tritti
Trong d6 P chiémti 1€ % rét [6n
b. Tinh chat hoa hoc
Tinh khtr ctia hydro phan t&r
- Hydro phan t&r kha bén vitng & diéu kién thwdng, nd chi phan huy thanh nguyén
tlr & 5000°C.
H, - 2H
- Trir trudng hop véi flo cac phan (rng clia hydro véi cac phi kim hay véi hgp chét

Trang

108



Gido trinh Héa hoc Bai cuvong va Vo co

déu can phai dun néng, hodc c6 anh sang hay xuc téac.
Vi du:
H,+F, > 2HF  (ngay trong béng t6i)
H, + Cl, —» 2HC1 (t° hodc as)
2H, + O, — 2H,0 (t° hoic xt)
3H,+ N, > 3NH3; (coxt)
H,+ CuO - Cu+H,O (t°c)
H, + RCHO — R’OH ( co xt)
Tinh khir ciia hydro nguyén tir

Hydro nguyén tir (hydro méi sinh) rat hoat dong vé mat hoa hoc. N6 ¢o thé khir
nhiéu chat ngay & nhiét do thuong

Vi du: 5H + MnO, + 3H" — Mn*" + 4H,0
CsHsNO, + 6H — CgHsNH, + 2H,0
Tinh oxy hoa
Hydro phan (rng v&i cac kim loai hoat dong tao cac hydrid
Vi du: H, + Na— 2NaH
c. Nuwéc
Pac diém clia nwéc
- C6 cau tric goc ( goc HOH = 104°307) O ¢6 lai hoa sp°.

- Phan tir phan cuc (momen lwdng cuc p = 1,84D), la dung moi hoa tan dugc
nhiéu chat.

- C6 kha nang hinh thanh lién két hydro. Do d6 ¢ mét sb tinh chat khac biét vé
nhiét do sbi, ndng chay, nhiét dung... so v6i cac hop chat tuong tv nhv H,S, HoSe...

- O 4°C nudce co ti trong 16n nhat, con nude dé lai co ti trong nhd. D6 1a vi trong
tinh thé nuéc da cé cdu tric khardng do sy t6 hop tirng 4 phan tir.

Tinh chat hoa hoc clia nwéc

Vé mat hod hoc nwéc la chét cé kha nang phan (ng rat [én. N6 cé thé téc dung vai
nhiéu oxyd, phi kim vakim loai. Trong cac phan (rng dé nudc co thé dong vai trd khéac
nhau.
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- Nuwéc virala mot acid vira la mot base theo Bronstet (cac phan (rng thuy phén)
Acid: H,0 + CH3;COO" — CH3COOH + OH~

Base: H,O + NH," — H3;0" + NH;

- Nuoc viralamot chat oxy hoa virala mot chat khir

+ Chét oxy ho& 2H,0 + 2Na— 2NaOH + H,

+ Chat khtr: 2H,0 + 2F, »> 4HF + O,

- Trong nhiéu phan (rng nwéc déng vai tro chat xdc tac. Vi du phan ng gittaH, va
O, hau nhu khdng xay ra nhung néu c6 mat vét nwdc £ xay ratire thoi. Phan (ing gilra Fe
vaCl, chi xay raro rét khi c6 H,O xuUc tac.

d. Trang thai tv nhién va diéu ché
Trang thai tw nhién
- Hydro gédp & dang tv do trong khi quyén
- Mét lugng 16n nam & dang cac hop chat vo co va hitu co
Piéu ché
Hydro duoc digu ché bang mot sd phuong phap sau:
Phan (rng ciiakim loai kiém, kiém thé véi nwéc
2Na+ 2H,0 — 2NaOH + H,
Ca+ 2H,0 — Ca(OH), + H,
Phan ¢ng gitra kim loai hoat dong va acid
Mg+ 2H" — H, + Mg™
Phan (ng cliakim loai véi kiém
Zn + 2NaOH — H; + Na&ZnO,
Phan (*ng khir oxy clia hoi nuéc bang C néng dé hodc CO.
H,0 + C — H,+ CO
H,0 + CO — H, + CO; xt: Fe,03

Bién phan dung dich nuéc clia acid hay kiém, ciia mudi gitra acid manh va base
manh, thic chat la quatrinh dién phan nuéc.

2H20 d 2H2 + 02
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Trong cong nghiép mét lvong 16n hydro dwoc didu ché bang phan ¢ng gitta CH,4
va hoi nvéc & 1100°C cd mat xUc tac Ni.
CH4 + H,O —» CO+ 3H,
H,0, duoc diéu ché tir cac peroxyd cliakim loai kiém hoac kiém tho.
BaO, + H,SO, — H,0, + BaSO,
e. M6t sb (rng dung ctia H,, H,0, va vai tro ciia nwéc
Ung dung

- Mot lvong [6n hydro dung dé tong hop NH; trong san xuat phan bon hoa hoc va
dé hydro hoa co xuc tac hop chat hitu co vi du céc acid béo.

- Ngay nay H, van dugc nap vao bong tham khéng khi tuong.

Hydro phéan t&r khong phai la thtr khi doc nhung né khong duy tri s song.

Vai tro

- O dang hop chét, hydro c6 trong thanh phan clia c&c hop chat hitu co tao nén va
duy tri sy song, protein, chat béo, hydratcarbon.

- Nuéc lahop chat quan trong clia hydro khong thé thiéu duogc doi véi s sdng clia
dong thuc vat trén hanh tinh.

- Nuéc dung cho sinh hoat can phai ddm bao trong suét, khdng mau, khéng mui
khong vi va trong nwéc can phai duoc hoatan oxy ctia khong khi.

- M6t lit nwéc khdng duoc chira qua 0,5 gam mubi khoang, khong chira cac kim
loai ndng, nitrat (dau hiéu clia dong vat thdi rira), cac sulfud hay H,S, cac vi sinh vét.
Ham lvong Ca®* phai thap.

- Ngudn nwéc ngam thurong dat cac tiéu chuan nay nhung lai khéng du. Vi vay &
cac thanh phd hodc khu dan cv ngudi ta phai dung nuéc sdng subi quaxt Ii nhiéu budc.
Dé khtr tring nwéc nguoi ta thuong dung clo voi liéu lvong xéc dinh.

- H,0O, do c6 kha nang phan huy thanh oxy nguyén tir cé tinh oxy hoa manh nén
trong y hoc dugc dung dé rira vét thwong. Trong céng nghiép dung H,O, dé tdy trang len,
lua, gidy...makhodng lam héng vat liéu tay.

- Mat khéc H,0, cling c6 tac dung doc ddi vai co thé. Nhitng phan (rng oxy hoa
trong co thé ludn luén keém theo tao ramét lwvgng H,O, nhét dinh. Téac dung ddc hai cla
H,O, nay duoc loai trir nho cac enzym catalaza cd mat trong mau va mot so dich clia

catalaza
dong vat.
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2H202 I 2H20 + 02
B. FLO (F), CLO (Cl), BROM (Br), 10D (1)

a. DBac diém cau tao

- Flo, Clo, Brom, lod la cac nguyén t6 phi kim thuéc nhom VIIA.

- O diéu kién thuong F, C1 |achét khi Br [achét 16ng, | |a chét rén.

- C4u hinh electron 16p ngoa cuing: ns’ np° vi vay dé dang nhan thém 1 electron
tao lién két ion hodc gép chung 1 electron tao ralién két cong héatri, khi dé thé hién so
oxy héa-1.

- Trlr F, céc nguyén td Gl, Br, | con c6 cac sO oxy ho& +1, +3, +5, +7 do & trang
thai kich thich cé kha nang chuyén céc electron lan lwogt tir phan mirc np vans|én cac
phan mirc nd tao ra 3, 5, 7 electron doc than.

b. Tinh chat hoa hoc

Phén &ng véi hydro

Tat ca cac halogen déu phan tng truc ti€p véi hydro, tuy nhién diéu kién va co ché
rat khac nhau, néi chung kha nang phan trng gidm theo day Cl,, Bry, I..

F, +H, > 2HF & nhiét do thap, manh liét
Cl, + H, —» 2HC1 khi dun néng hoac cé anh sang
l,+H, == 2HI khi dun nong, thuén nghich

Phan &rng véi kim loai
- F, phadn (ng v6i hau hét kim loai
- Cl, vaBr, phan (rng voi kim loai cho mudi c6 sb oxy hoa cao nhat
Vi du: 3/2Cl, + Fe — FeCl;
Trong khi I, + Fe > Fel,
Phan &rng v&i nwéc
Flo day duoc oxy rakhoi nwéc:
F, + H,O — 2HF + 1/2 O, (oxy hoa dwgc oxy cia nudc)
Cac halogen con lai phan (rng v&i nwéc tao rahgp chat dang HX vaHXO. Vi du:
Cl, + H,O - HC1 + HC10
Phan (rng v6i kiém
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- Vi dung dich lodng:
Cl, + 2NaOH - NaCl + NaClO + H,0
(nwéc Javen)

2C|2 + an(OH)z dd — CaC|2 + Ca(C| 0)2 + 2H,0
Rléng F»:
2F,+ 2NaOH - 2NaF + H,0O + OF,
- V@i dung dich kiém dac néng:

3Cl, + 6KOH - 5KCl + KCIO; + 3H,0 (100°C)
Téac dung v6i dung dich mu6i halogenua ctia halogen c6 tinh oxi héa yéu hon
(F, khdng cb phan (tng nay)
Cl, + 2NaBr - 2NaCl + Br,

Phan (rng vGi cac hgp chét cé tinh khir
Vi du:
Cl, + 2FeCl, — 2FeCl;
Br, + SO, + 2H,0 — 2HBr + H,S0O,
Br, +2KI — |, +2KBr
c. Trang thai thién nhién va diéu ché
Trang thai ty nhién

Chi ton tai & dang hop chat:

- Clo chu yéu ton tai & dang mudi clorua, quan trong nhat la NaCl. NaCl ¢6 trong
nwdc bién va dai dwong. NaCl dwoc tim thiy & trang thai rin goi la muoosimor. KCI ciing
khé pho bién, nd cé trong khoang vat cacnalit KCI.MgCl,.6H,0 vaxinvinit NaCl.KCl.
- Flo c6 trong men rang cla nguoi va dong vat, trong la ciia mot sé loai cay. Phan
I6n ¢ trong 2 loai khoang vat laflorit (CaF,) vacriolit (NasAlFs hay AlFs.3NaF).

- Brom chii yéu c6 trong mudi bromua cta kali, natri, magie. Bromua kim loai cé
trong nuéc bién, nwdc clia mot sé hd cung véi mudi clorua.

- Hop chét clia iot c6 trong nwdc bién nhwng it. lot dwgc tich trong cac md clia mot
s0 loai rong bién. N6 con c6 trong tuyén giap clia nguoi

Piéu ché

- lon F rat kho bi khtr vi vay nguoi ta phai dung phuong phap dién phan néng chay
hdn hop KHF, vaHF & 100°C. B¢ la phuong phép duy nhét dé diéu ché flo.

- Trong phong thi nghiém c6 thé diéu ché clo bang phan (ng cia HC1 vaMnO,

(hodc KMnNOy).
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MnO, + 4HC1 — Cl, + MnCl, + 2H,0
hodc dién phan dung dich NaCl c6 mang ngan
2NaCl + 2H,0 — Cl, + 2NaOH + H,
- Bry, 1, c6 thé digu ché bang phan (rng
Cl, +2Br — Br, + 2C1
d. U'ng dung ctia cac halogen va hop chét ctia chiing

- Cl, va cac hop chét clia né duoc sir dung trong diéu ché nhiéu hop chat vo co va
hitu co, céng nghiép ché tao chit déo (PVC ...), thudc trir sdu (666), dét, gidy (tay
trang)...

- Br, va hop chét c6 (rng dung trong cong nghiép dugc pham (KBr ¢d tac dung an
than), thuéc nhuém, nhiép anh (AgCl, AgBr)...

- I, & ndng do rat loang cling lam tinh bdt c6 mau xanh. Vi vay né dwgc dung
trong phan tich hoa hoc.

- Trong doi song clo dwoc dung lam chat khir tring nuéc sinh hoat, tdy doc nudc
thdi do kha nang diét vi khuan rat manh. Cac hop chét cla clo va iod nhu clorid voi
(Ca0Cl,) duing lam chét tay ué; lodoform (CHI3) dung dé rira vét throng.

Tac dung sinh hoc clia cac halogen va hop chat
O trang théi tv do cac halogen déu rat doc hai déi véi co thé.
Clo gay thwong ton nang né d6i voi niém mac miii.

Brom va lod tan nhiéu trong dung mdi hitu co, trong lipid nén rat dé gay bong trén
da. Vi vay dac biét than trong khi sr dung chuing.

Trong co thé céc hop chéat clia flo ¢ trong men rang, brom trong cac té bao than
kinh, iod trong tuyén gidp trang, con clo c6 mat trong moi t6 chrc.

lod thdm nhap vao co thé qua thirc an va mudi an va tap trung & tuyén gidp trong
thanh phan clia mét protein la tireoglobulin - mét chat rat can thiét cho hoat dong binh
throng clia co thé, thlic day qua trinh dong hod. Vi vay néu trong thirc an thiéu iod (hoac
thira iod) s& dan dén bénh bwdu cd.

Acid HC1 la acid vb co duy nhat c6 mat trong da day.
7.2 CAC KIM LOAI NHOM B
7.2.1 DONG

a. Vi tritrong bang tuan hoan
Trang
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- C4u hinh e nguyén tr: ,oCu: 15°25°2p°3s”3p°3d"4s".
- Vi tri: 6 29, chu ky 4, nhém IB.

- Cdu hinh e clia cac ion:

Cu': 1s°25?2p®3s73p°3d™°

Cu?*: 1s%25°2p°3s*3p°3d’

b. Tinh chéat vat ly

Pong c6 mang tinh thé 1ap phrong tam dién, mau do, déo, dé kéo soi, dét mong. Dan
dién vanhiét t6t chi kém bac, t%, = 1083°C, D = 8,98 g/cm’.

c. Tinh chat héa hoc
Pong cé tinh khtt yéu: Cu — Cu®* + 2e
Téc dung vai phi kim
- V@i oxi tao mang CuO bao vé: 2Cu+ O, - 2CuO
& 800 - 1000°C: CuO + Cu - Cu,0
-V@iclo: Cu+Cl, » CuCl,
-Véilvu huynh: Cu+ S - CuS
Téc dung voi axit
V@i cac axit khdng c6 tinh oxi hoa manh (HCI, H,S0, |odng)
- Cu khéng phan tng véi cac axit khéng co tinh oxi hoa manh.
- Khi ¢ O,, phan ting lai xay ra: 2Cu + 4H* + O, — 2Cu*" + 2H,0
V@i cac axit cé tinh oxi hod manh (HNO; va H,SO, dac néng)
Cu+ 2H,S0, - CuSO, + SO, + 2H,0
Cu + 4HNO; — CU(NOs), + 2NO, + 2H,0
Téac dung v&i dung dich mudi
Cu + 2AgNO; — Cu(NO3), + 2Ag
Cu+ 2Fe’" - Cu* + 2Fe”
Chuy véi mu6i nitrat trong méi truong axit: 3Cu + 8H*+ 2NO3 - 3Cu**+2NO + 4H,0
d. Vai tro sinh hoc clia déng
Dong da duoc dung dé diéu tri bénh phdi trvdéc Cong nguyén téi 400 nam. Thiéu
dong sé tang nguy co nhiém bénh, rdi loan chitc ning thuc bao, 1am giam té bao Lympho
T hoat tinh, giam san sinh IL-2 va tang té bao B. Thiéu ddng co6 thé gay thiéu mau, giam
bach cau, lodng xwong, mét sac t6 da va ting kha nang mac cac bénh vé tim mach, khap
vathan kinh.
Trong co thé nguoi, dong dugc tap trung & gan vavung trén ndo. Dong can thiét cho qua
trinh tao thanh sic t6 cla da.
Trang

115



Gido trinh Héa hoc Bai cuvong va Vo co

Co thé c6 lwvong du trir déng rat nhd so voi chat khac.
Nhu cidu hang ngay clia dong trong khau phan an la 0,6mg/ngay voi nir va
0,7mg/ngay v&i nam (theo WHO).

Khi dbng bi thira trong co thé sé rat nguy hiém do dong sé chiém chd cla kém
trong protein valam bién ddi hoat tinh cla protein. Dong co thé xlc tac cho qua trinh tao
thanh cac goc tv do va la tdc nhan gay dot bién va ung thu.

7.2.2KEM
a. Vi tritrong bang tuan hoan
- C4u hinh e nguyén ti: 30Zn; 1s°25°2p°3s?3p°3d'%4s%.
- Vi tri: 6 30, chu ky 4, nhém 11B.
- Cau hinh e clia céc ion:
Zn*": 1s°25°2p°3s°3p°3d ™
b. Tinh chat vat ly
K&m c6 mau trng xanh, 6ng anh va nghich tir, mac dd hau hét kém pham cép
thuvong mai c6 mau xam xin. Phan b tinh thé clia kém lodng hon sit va co ciu trdc tinh

thé sau phuong voi mot két cu luc giac khong déu.

Ké&m kim loai cling va gion & hau hét cdp nhiét d6 nhung tré nén dé udn tir 100
dén 150°C . Trén 210 °C, kim loai kém gion tr lai va cé thé duoc tan nho bang luc. KEm
dan dién kha. So voi cac kim loai khéac, kém cé do nong chay (419,5 °C, 787,1F) va diém
sAi (907 °C) twong ddi thap.! Biém sdi clia nd 1a mdt trong s6 nhitng diém so6i thap nhat
clia cac kim loai chuyén tiép, chi cao hon thly ngan va cadimi.

c. Tinh chat héa hoc
Kém la kim loai c6 tinh khir khd manh
Téc dung v&i phi kim

- Trong khong khi am ké&m bén & nhiét do thuong do co 16p mang oxit (ZnCO; +

3Zn(OH),) bao vé nhung & nhiét d6 kém chay manh liét tao thanh ZnO
2Zn+ 0O, - 2Zn0

- Kém phan (ng v6i halogen va lvu huynh khi dwgc dun néng
Zn+Cl, - ZnCl,

Zn+S - ZnS
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Téac dung voi axit:
- V&i axit loang: Zn tan trong axit lodng
Zn+ 2HCI - ZnCI2 +H,

- Vi axit c6 tinh oxi héa manh (HNOs, H,SO; ¢¢ tao thanh Zn?* va nhiéu san pham khir

(ty theo ndng dd axit va nhiét do)
47Zn + 10HNO; lodng — 4Zn(NO3), + N,O +5H,0
47Zn + 10HNO; rét lodng — 4Zn(NO3), + NH,NO; +3H,0
Tac dung voi base:
K&m dé dang tac dung véi dung dich kém giai phong khi hidro
Zn+H,0+OH - [Zn(OH),]* + H,
Téac dung voi nuéc:

O nhiét dd thuong kém khéng téc dung voi nwéc nhung & nhiét dd cao kém téc

dung véi nuéc tao thanh oxit
Zn+H,0 - Zn0 + H,
d. Trang thai ty nhién va diéu ché

Trong tw nhién kém ton tai chd éu trong 2 quang quan trong la blen kém (ZnS) va
calamin (ZnCOs,).

Diéu ché Zn tir quang blen kém phai qua hai giai doan: dot sulfuatrong khéng khi

thanh oxit réi dung than khtr oxit dén kim loai & nhiét do cao
2ZnS+ 30, - 250, + 2Zn0O
Zn0+C - Zn+ CO

Hoi kim loai tao thanh sau phan (ing duoc ludng khi CO cubn di va ngung tu trong
céc thiét bi ngung tu, c6 mdt phan hoi bi mang di xa hon va lang xudng thanh bot.
e. Vai tro sinh hoc cia kém

Kém tham gia vao cau tao cac enzyme (men). Trén 200 enzyme |é thudc kém la
nhitng enzyme chl yéu (men oxy héa khtr, men van chuyén, men thiy ngan). Vi du, men
carboanhydraz gi vai trd quan trong trong hoat dong hd hap. Men nay xdc tién phan rng
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bién doi acid bicarbonic trong co thé thanh khi carbonic va nwéc. Vai tro tao thanh khi
carbonic twong rng véi qua trinh tao thanh va giai phéng oxy do hemoglobin. Vai tro
sinh hoc clia carboanhydraz trong hoat dong hé hap khéng kém phan quan trong so véi
hemoglobin. M6t men khac cd kém la carboxypeptidaz, men nay téch céac acid amine tan

cung khéi peptid va protid. Kém cfing cé trong thanh phan mét s deshydrogenaz.
K&m cd vai tro diéu hoa chuyén hoa lipid va ngan nglra mgd héa gan.

K&m tham gia vao chirc ndng tao mau. Vai tro ctia kém trong co thé khong kém
vai tro clia sit.

Kém can thiét cho sy biét hda té bao va s 6n dinh mang. Thiéu kém, qua trinh
tong hop DNA va qué trinh sao chép trong té bao bi suy yéu. Thiéu kém trong thoi ky
mang thai, gay hién twong dit doan qué trinh nhan doi & céc té bao phdi. O' dong vat bi
thi€u kém, xdy ra cac di tat & ndo, mat, hé than kinh, tim, lach, xwong va hé sinh duc - tiét
niéu.

Thiéu kém anh hudng xau dén téc do hap thu cac acid amine. KEm can thiét cho
tong hop tryptophan.

Anh hwéng ciia kém d6i v6i hoat dong cac hormone tuyén yén, thuong than va
than da duoc thira nhan. Tinh trang thiéu kém thuong két hgp véi gidm kich thich t6 tang
trvdng trong huyét twvong & ngudi va dong vat. Thiéu km lam gidm testosterone trong
huyét tvong gay thiéu nang sinh duc nam. Thiéu kém cling gay thi€u nang sinh duc nir.
Theo Scott va Fisher, tac dung gidm glucose huyét clia insulin phu thudc vao kém c6
trong insulin.

K&m co vai trd trong hé mién dich. N6 kich thich sy phét trién va biét héa lympho
bao. N6 day manh sy xudt tiét cic cytokin (nhat la interleukin 2) dé dap tng lai céc kich
thich khang nguyén.

7.2.3 SAT

a. Vi tritrong bang tuan hoan

- C4u hinh e nguyén ti: ,gFe: 15°25°2p®3s23p®3d°4s”.
- Vi tri: Fethubc 6 26, chu ki 4, nhém V111B.

- Cau hinh e ctia cac ion duoc tao thanh tir Fe:
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Fe**  15°25°2p°3s°3p°3d®
Fe*  15°25°2p°3s%3p°3d®
b. Tinh chat vat Ii

- Mau tring hoi xam, déo, dé rén, dé dat mong, kéo soi; dan nhiét va dan dién kém dong

vanhém.
- St c6 tinh nhiém tir nhung & nhiét do cao (800°C) sit mat tir tinh. T .= 1540°C.
c. Tinh chat héa hoc
Fe la chat khtr trung binh. Trong cac phan (rng, Fe cé thé nhwong 2 hoéc 3e:
Fe - Fe*" +3e
Fe - Fe" +2e
Tac dung V@i cac phi kim
Sat tac dung v6i hau hét cac phi kim khi dun nong:
- Vi halogen — mudi st (111) halogenua (trir iot tao mudi st 11):
2Fe+ 3X, - 2FeX; (19
-V6i Oy:
3Fe+ 20, - Fe;0,4 (19
Thuc té khi giai cac bai tp thudng gap trudng hop tao ra hon hop gdbm Fe va céc oxit sat.
- V@i S:
Fe+S - FeS(t9)
Tac dung V@i nuéc

- Fe khéng téc dung véi nuéc & nhiét do thwong, & nhiét do cao, sit phan (ng manh voi

hoi nuéc:
3Fe + 4H,0 - Fe;0, + 4H, (< 570°C)
Fe+ H,O - FeO + H, (> 570°C)

Tac dung v&i dung dich axit

V6i H™ (HCl, H,90, l08ng... ) — mudi sat (I1) + H,
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Fe+ 2HCI - FeCl, + H,
Fe+ H2804 IOéng — FeSO4 + Hz
Tac dung v6i cac axit ¢ tinh oxi hda manh (HNO3, H,S0O, dam dac)

- Fe thu dong voéi H,SO, dac ngudi va HNO; dac ngudi — cé thé dung thiing Fe chuyén

chd axit HNO3 dac ngudi va H,SO,4 dac ngudi.

- V6i dung dich HNO3 lodng — mudi sét (111) + NO + H,0:
Fe + 4HNO; lodng — Fe(NO3); + NO + 2H,0

- Vi dung dich HNO3 dam dac — mudi sat (111) + NO, + H,0:
Fe+ 6HNO; — Fe(NO3); + 3NO, + 3H,0

- Vi dung dich H,SO, dam dic vanong — mudi sat (111) + H,0 + SO:
2Fet 6H,S0, — Fey(S0,); + 350, + 6H,0

Chu y: San pham sinh ratrong phan tng clia Fe véi HNO hodac H,SO, dam dac la mudi

sit (111) nhung néu sau phan ¢ng c6 Fe dw hodc ¢ Cu thi tiép tuc xay ra phan ng:
2Fe® + Fe - 3Fe™

Hoac
2Fe® + Cu - 2Fe”" + Cu™*

Téac dung v6i dung dich mudi

- Fe ddy duoc nhitng kim loai y&u hon ra kndi mudi — mudi sat (11) + kim loai.
Fe+ CuCl, - Cu + FeCl,

- Fe tham gia phan (tng v&i mudi Fe** — mu6i sét (11):
2FeCl; + Fe - 3FeCl,

Cha y: Véi mudi Ag*, Fe cé thé tham gia phan tng dé tao thanh mudi Fe*":
Fe+ 2AgNO; - Fe(NOg3), + 2Ag
Fe(NOs), + AgNOz; dv — Fe(NOs)3 + Ag

d. Trang théi tw nhién va diéu ché

Trang thai tv nhién
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Lakim loai pho bién sau nhom, ton tai chl yéu & cac dang:
- Hop chét: oxit, sunfua, silicat...
- Quang: hematit dd (Fe,O3 khan), hematit nau (Fe,O3.nH,0), manhetit (Fe;0,), xiderit
(FeCOs) vapirit (FeS,).
Diéu ché
Trong cdng nghiép sit dwoc san xudt tir cac quing clia nd, chl yéu latlr hemantit
(Fe,O3) va manhetit(Fe;0,) bang cach khir véi cacbon trong 10 luyén kim véi nhiét do
2000°C . Trong |6 luyén gdm c6 quing st va than coc gdom 2 qua trinh
Than cdc phan ¢ng voi oxy tao rakhi cacbon monoxit CO
CcC + O, - CO
Sau khi hinh thanh, khi CO s khir quing sit thanh sit nong chay va tao ra cacbon
dioxit (COy)
CO + Fe0O3 - Fe+CO,
e. Vai tro sinh hoc clia st
Sat 1a mot trong nhitng chat khoang rat quan trong déi véi co thé. Sat 1a nguyén
liéu dé tong hop nén hemoglobin, chat cd6 mat trong té bao hong cau valam cho hong cau
c6 mau do, co vai tro van chuyén oxy trong mau dén v&i cac mo trong co thé. Sét cling la
thanh phan ctia myoglobin, cé trong co van, cé tac dung dv trir oxy cho hoat dong ctia co
van, chiing s£ két hop vai cac chat dinh dudng khac dé giai phong nang luong cho su co

CO.

Sat cling la thanh phan cdu tao clia mot s6 loai protein vaenzyme, cé vai tro trong

quatrinh giai phong nang lvong khi oxy hoéa cac chat dinh dudng vaATP.

w[ CAU HOI VA BAI TAP

7.1. Bac diém va nhitng tinh chat hod hoc co ban nhat ctia cac kim loai kiém va

kiém tho.
7.2. Hoan thanh phwong trinh cac phan rng sau:

Na,O, + H,O —
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Na,O, + CO, >

7.3. Nhirng hop chat nao quyét dinh d clrng tam thoi, d6 cling vinh clru clia nwéc.

CO thé lam mém nude bang nhitng phuong phap nao?
7.4. So sanh va giai thich tinh base clia cac hydroxyd kim loai kiém tho.
7.5. Hoan thanh phuong trinh cac phan (rng sau:
a BaO, + FeSO, + H,SO, — Fey(SOy);3 +...
b. BaO, + Cry(S0O,4)3 + NaOH —->Na,CrO, +...
c. BaO, + HgCl, —» Hg + ...
Trong céac phan (ring nay BaO, la chat oxy héa hay chat khir?

7.6. Tinh chat hoa hoc dién hinh clia hydro. So sanh va giai thich tinh khir cla
hydro méi sinh va hydro phan tt.

7.7. Nguyén nhan gay nén tinh chat Ii hoc bét thuvong cla nwéc. Tai sao nuéc la
dung mdi t6t d6i véi nhiéu chat?

7.8. Tai sao flo khéng co s6 oxy hoa duong va chi co hoa tri 1, trong khi do clo,

brom, iod lai c6 cac s6 oxy hoa dwong va cac hoa tri 3,5,7?

7.9. Viét cac phwong trinh phan ¢ng:

Cl, + KOH (néng; ngudi)

CaOCl, + HC1 (d)

NaOCl + Kl

7.10. Tai sao HF lamot acid lai ¢6 thé tac dung véi SiO, la oxyd acid?

7.11. Bac diém va nhitng tinh chat hoa hoc co ban nhat clia cac kim loai Bong,
kém va sit.

7.12. Hoan thanh phuong trinh céc phan (rng sau:

Zn+H,;0+OH —

3Fe+4H,0 —»

7.13. Hoan thanh phuong trinh céc phan (rng sau:
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a. Fe+ 4HNO;zlodng —» Fe(NOg3)3 + ... +...

b. 4Zn + 10HNO; loang — 4Zn(NO3),+...

C. Cu+4HNO; - Cu(NOy), + ...

Trong cac phan rng nay HNOjz; la chét oxy héa hay chat khir?
7.14. Tinh chat hoa hoc dién hinh clia kém, sit. Cho mdt s3 vi du.
7.15. Viét cac phuong trinh phan tng:

Fe+ H,SO, (lodng; dac néng)

Fe + 4HNO; (lodng; dam dac)
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