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Tém tit: Bai bio nay trinh bay viée thiét ké ndi dung thi nghiém nhim minh hoa anh
hudng ciia cac qué trinh hoa hoc dén stre dién dong cua pin. Théng qua cac thi nghiém
cu thé, ching t6i khao sat anh hudng ciia ndng dd ion trong dung dich va cac qua trinh
phu nhu phéan tmg tao phire, phan mg tao hop chat it tan va anh huéng ciia pH 1én su
thay dbi sirc dién dong. Céc thi nghiém dugc xay dung nhim gitip ngudi hoc dé dang
quan sat, do dac va phan tich cac yéu t6 anh hudng, tir 46 hiéu sdu hon vé nguyén Iy
hoat dgng ctia pin dién hoa. Két qua thu dugc gop phan h trg sinh vién trong viée hoe
tap va nghién ciru vé linh vuc nay.

Tir khéa: Pin dién hoa, dién cuc, thé dién cuc, phan tng tao phirc, phan {mg tao hop
chat it tan, pH.

EXPERIMENTAL DESIGN TO ILLUSTRATE THE INFLUENCE OF CHEMICAL PROCESSES
ON THE ELECTROMOTIVE FORCE OF ELECTROCHEMICAL CELLS

Abstract: This paper presents the design of experimental content to illustrate the impact
of chemical processes on the electromotive force (EMF) of Electrochemical cell.
Through specific experiments, we investigate the effects of 1on concentration in solution
and secondary processes such as complex formation reactions, precipitation reactions,
and the impact of pH on the variation of EMF. The experiments are designed to help
learners easily observe, measure, and analyze the influencing factors, thereby gaining a
deeper understanding of the operating principles of electrochemical cells. The results
contribute to supporting students in learning and conducting research in this field.

Keywords: Electrochemical cell, electrode, electrode potential, complex formation
reaction, precipitation reaction, pH.

1. Pit van da bi dién tir dén cac hé thong huu trir ning
Pin dién hoa dong vai tro quan trong lu;(_)'ngA (%uy mo.' lém. yle(f ngk_lﬂlen (A:u’u C?C
trong doi sdng va cong nghiép, tir cac thiét yv.au % Sl hllrm_lfg de}: s i (zong e
pin khong chi gitp hiéu rd hon vé nguyén
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1y hoat dong ma con tao tién dé dé tbi uu
hoa hiéu sudt va tng dung thuc tién. Tuy
nhién, trong qua trinh van hanh, stc dién
dong cua pin khong chi phu thudc vao ban
chét dién cuc va néng do ion ma con bi
chi phéi boi cac qué trinh héa hoe phu nhur
phan tmg tao phrc, phan tmg tao hop chét
it tan va sy thay déi pH ciia méi trudng.
Nhing yéu t§ nay co thé lam thay dbi
dang ké hiéu suat pin nhung lai it duoc dé
cép trong cac thi nghiém thyc hanh phd
bién. Do d6, viée thiét ké céc thi nghiém
minh hoa anh hudng cua cac qua trinh hoa
hoc dén strc dién dong cia pin s& gitp
ngudi hoe ¢6 cai nhin tre quan hon vé co
ché hoat déng va cic yéu t6 anh huong.
Diéu nay khong chi nang cao hiéu qua hoc
tdp ma con gbp phan phét trién tu duy
nghién ctru cho sinh vién trong linh vuc
hoa hoc dién hoa.

2. Co sé 1y thuyét va phwong phap
nghién ciru

2.1. Mt s6 khai ni¢m

2.2.1. Pign cwc, pin di¢n hod, thé
dién cwc va sirc dién dong ciia pin

- Dién cue 12 mot hé ndi tiép nhau
ctia cac pha dan dién trong d6 pha dau tién
1a kim loai va pha con lai 1a dung dich chét
dién ly. [5]

C6 nhidu cach phan loai dién cuc
khac nhau, theo muc dich sir dung thi co

Eln(ox)
nF  (Kh)

Eoxkn = Eoxkn +

0 25°C : Eoxgh = E%oxkn +

= E%xkn + Elgfﬂ e

thé phan loai dién cuc bao gé)m: dién cuc
so sanh va dién cuc chi thi. Pién cuc so
sanh 14 loai dién cuc ma thé cta né khéng
thay dbi trong sudt qua trinh do va khéng
phu thudc vao thanh phéan cua dung dich
do. Mot sé dién cuc so sanh hay gip la:
dién cuc silver - silver chloride (CI
|AgCLAg), dién cuc Calomen (CI
HgoClo,Hg). Pién cyuc chi thi la nhitng
dién cuc ma thé ciia né phu thudc vao hoat
d0 cta céc ion cia chat nghién ctru. Mot
s6 dién cuc so sanh hay gap 1a: Dién cuc
oxi hoa khir (Ce*' , Ce*'| Pt), Pién cuc
kim loai (Ag'| Ag; Ag(CN):| Ag), Pién
cuc acid - base (H'| Ha,Pt).

- Pin dién hod la mdt hé dién hoa
cho phép bién dbi ning lugng cua phan
trng trén cac dién cuc thanh dién nang. Pin
dién hoa dugc hinh thanh tir su ghép hai
nira pin; moi nira pin 1a mot dién cuc.
Phan {mg hoa hoc trong pin 1a sy t6 hop
hai nira phan rng ma moi nira phan g 13
mdt phan ung dién cuc. [4, 5]

- Thé dién cyee 1a dai lugng danh gid
kha nang khir cua dang khtr, kha ndng oxi
hoé ciia dang oxi hod (Eoxxn). O diéu kién
chuan (ndng d6 ion kim loai trong dung
dich 1a 1M, ¢ nhiét do 1a 25° C) ta co thé
dién cuc chuin (Eoyxn). O diéu kién
ndng dg, va nhiét do bét ki thi thé dién cyc
phu thudc vao phuong trinh Nernst:

R, [0%]

nF “fxgn nF T[Kh]

00592, fox .

0,0592, [0x]
i Pl L
n gff(h n

Elkn]

Trong cac truong hop bo qua hé s hoat do ciia dung dich fox = fin = 1 thi

Eoxkh = Eloxkn +
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- Stke dién dgng cia pin bang thé dién
cuc duong (cathode) trir di thé dién cuc am
(anode). Ki hiéu 1a Epin= Ecathode — Eanode =
Ec—Ea=Ep—Ei(Epy=Ec; Ei=Ea)

2.1.2. Cdc yéu té dnh huéng dén phan
tmg ho: hoc x4y ra trong pin dién hoi

Céc yéu t6 lam bién d6i nong d¢ cua
céc dang oxi hoa - khir s& lam thay d6i thé
oxi hod - khir cia cac cdp va do d6 anh
huong dén can bang oxi hoa - khir. Céc
yéu té quan trong bao gdm: anh huong
cta sy bién d6i pH, su ¢6 mit cac chét tao
phtre, su tao thanh céc hop chét it tan, su
thay doi nong d6.[1, 2, 3]

2.2. Phuwong phap nghién ciru

Hinh 2.1. So d6 mach IC

+ Cuc duong cua mach IC la V»
(day d6) dwoc ndi véi cathode cuia pin
(dién cyc phai).

+ Cuc am cua mach IC la V; (day
den) dugc ndi voi anodecna pin (dién
cuc trai).

2.2.2. Xay dung ngi dung thi nghié¢m

a. Thiét lgp mach pin xét danh
hwong cua sy tao phiec toi siec dién dong
cua pin

* Noi dung bai tdp thi nghiém:
Hay thiét lap so db pin dién tir hai dién
cue: Cu?" /Cu va Ag'/Ag. Tinh sirc dién
dong cua pin va hién tuong quan sat
duoc biét:

2.2.1. Hod chit, dung cu, thiét b

Chuin bi cac dung dich sau: dung
dich AgNO3, CU.SO4, Pb(NO3)2, NH3,
NaOH véi céc ndng d6 can thiét.

Dung cu: Coc thuy tinh, cac dién
cuc kim loai Ag, Cu, Pb, cAu mubi.

Thiét bi do: Str dung may do dién thé.

Téi sir dung dén LED dé minh hoa
su anh huong cua cac qua trinh hoa hoc
t6i stre dién dong cua pin dién hod. Dé
tang suc dién dong cua pin khi di qua dén
t6i dung mach khuyéch dai vi sai sit dung
IC LM 324 goi tét 14 mach IC.

So d6 mach khuyéch dai vi sai su
dung IC LM 324:

Hinh 2.2. M6 hinh mach IC si dung trong
thi nghiém

0
Ef i+ a5 = 0,799V,

AgNO:; 0,100M

dung dich

EO

cu?t/cu

CuSO4 0,100M
Hay tinh sirc dién dong cua pin va

= 0,337V, dung dich

néu hién tugng quan sat dugc khi thém tir
tir 3,00 mL dung dich NH3 ¢6 néng do Cx
(mol/l) ting dan vao dién cuc bac. Biét
dung dich & dién cuc dong c¢6 V = 12,00
mL va dién cuc bac co V = 15,00 mL.

* Cdach tién hanh

+ Chuén bi cathode (dién cuc bén
phai) la ban kim loai bac (Ag) nhung trong
12,00 mL dung dich AgNOs 0,100 M.
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+ Chuén bi anode (dién cuc bén trai)
la ban kim loai dong (Cu) nhang trong
15,00 mL dung dich CuSO4 0,100 M.

+ Nhiing cdu mudi vao hai coc dung
dung dich AgNO3 va CuSOs,

+ Hai dién cuc cua pin dién hoa
dugce ndi voi hai dau day ciua mach IC:
cathode (dién cuc bén phai) ndi véi cuc
duong ctiia mach IC. Anode( dién cuc bén
trai) ndi véi cuc am cua mach IC. Cuc
dwong ciia may do thé ndi voi cathode.
Cuc am cua may do thé ndi voi anode.

+ Thém tir tir 3,00 mL dung dich
NH3 vao dién cuc bac.

b. Thiét Idgp mach pin xét dnh huong
cua sy tao hop chdt it tan téi siec dién
dong cua pin

* Noi dung bai tap thi nghiém: Hay
thiét lap so d6 pin dién tir hai dién cyc:
Pb* | Pb

Tinh strc dién dong cua pin va hién
twong quan sat duge biét.

ESpipp = -0,126V, dung dich
Pb(NOs)2 1,000M

dung dich Pb(NO3),; 0,100M

Hay tinh strc dién dong cua pin va
néu hién tuong quan sat dugce khi thém tir
tr V. mL dung dich K2CrOs4 0,500 M vao
dién cuc Pb. Biét dung dich ¢ dién cuc
bén trai c6 thé tich V = 20,00 mL.

* Cdch tién hanh:

+ Chuén bi cathode (dién cuc bén
phai) 1a ban kim loai chi (Pb) nhing
trong 20,00 mL dung dich Pb(NO3)2
1,000 M.

+ Chuén bi anode (dién cuc bén
trai) la ban kim loai chi (Pb) nhiing trong
20,0 mL dung dich Pb(NO3)2 0,100 M.
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+ Nhing ciu mudi vao hai cdc
dung dung dich Pb(NO3)2.

+ Hai dién cyc cua pin dugc ndi
v6i hai dau day cia mach IC: cathode
nbi véi cue dwong ctua mach IC (day do),
anode (dién cuc bén trai) néi véi cuc Am
cua mach IC (day den).

+ Thém tur tir 10,00 mL dung dich
K>CrO4 0,050 M vao dién cuc bén trai
cua pin.

c. Thiét Idp mach pin xét anh huong
cua pH 161 sure dién dong cua pin

* Noi dung bai tap thi nghiém:

Hay thiét lap so dd pin dién tir hai
dién cyc: Cu®** /Cu va Ag®, NH3 /Ag.

Tinh strc dién dong cua pin va hi¢n
twong quan sat duoc biét:

Efyt1ag = 0,799 'V, dung dich

AgNO; 0,100 M

Egu2+/(.'u =0,337 V, dung dich
CuS04 0,100 M

Hay tinh strc dién dong cua pin va
néu hién tugng quan sat dugce khi thém tir
tor V. mL dung dich NaOH 1,000 M vao
dién cuc déng.

* Cdch tién hanh

+ Chuén bj cathode (dién cuc bén
phéi) la ban kim loai bac (Ag) nhing
trong 12,00 mL dung dich AgNO; 0,100
M va 3,00 mL dung dich NH3 1,000 M.

+ Chuén bi anode (dién cuc bén trai)
1a ban kim loai dong (Cu) nhing trong
15,00 mL dung dich CuSO4 0,100 M.

+Nhiing cau mudi vao hai cdc dung
dung dich CuSO4 va hon hop AgNOs va
NH;.



+ Hai dién cuc cta pin dugc ndi voi
hai ddu day cua mach IC: Cathode (dién
cuc bén phai) ndi véi cue dwong ciia mach
IC. Anode (dién cyuc bén trai) ndi véi cuc
am cua mach IC. Cyc duong ctia may do
thé ndi véi cathode. Cuc 4m cua méy do
thé ndi véi anode.

+ Thém tir tir 7,00 mL dung dich
NaOH 1,000 M vao dién cyc dong.

d. Thiét lgp mach pin xét anh hirong
ciia nong dé toi sire dién déng ciia pin

* Noi dung bai tdp thi nghiém:
Thiét 1ap so dd pin dién tir hai dién cuc
Cu?tiCu

Tinh strc dién dong cia pin tir hai
dién cuc ddng c6 cic ndng d6 nhu sau:

Dung dich CuSO4 =2 M va dung
dich CuS04=0,01 M

Dung dich CuSO4= 2 M va dung
dich CuS04=0,03 M

Dung dich CuSOs= 2 M va dung
dich CuS04= 0,05 M

Dung dich CuSO4= 2 M va dung
dich CuS04= 0,07 M

* Cdch tién hanh

+ Chuan bi cathode (dién cyuc bén
phai) 1d ban kim loai dong (Cu) nhing
trong 20,00 mL dung dich CuSO, 2,000 M.

+ Chuén bi anode (dién cuc bén trai)
12 ban kim loai dong (Cu) nhing trong
20,00 mL dung dich CuS040,010 M.

+ Nhing ciu mudi vao hai céc dung
dung dich CuSO,.

+ Hai dién cuc cua pin dugc ndi véi
hai ddu day cua mach IC: Cathode (dién
cuc bén phai) ndi voi cyc duong ciia mach
IC. Anode (dién cyuc bén trai) ndi véi cuc
am cua mach IC. Cuc duong cua may do
thé ndi v4i cathode. Cuc 4m cia may do
thé nbi voi anode.

+ Thay dung dich CuSO4 bén trai
lan luot bang cac dung dich ¢6 nong d6 1a
0,03 M; 0,05 M; 0,07 M.

3. Két qua nghién ciru

3.1. Két qua thi nghiém minh hoa
dnh hudng ciia qua trinh tao phirc dén
stre dién djng cia pin dién hoa

+ Trong thi nghiém 2.2.2a d3 thiét
lap dwoc mach pin 1 ¢6 so d6 nhu sau:

Cu | Cu* 0,100 M || Ag” 0,100M |
Ag (Pin 1)

+ Da tinh dugce stc dién dong vé
mit 1i thuyét 1a (Epin) = 0,4315V va stic
dién dong do dugc trén thyuc té 13 (Epin)i =
0,43V. Hién tugng: dén sang.

+ Két qua thi nghiém dwgc minh
hoa & hinh 3.1.

Hinh 3.1. M6 hinh pin Cu | Cu’" || Ag'| Ag
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+ Khi thém tir tir 3,00 mL dung dich

NH3 co néng do tang dén vao dién cuc bac
thi xdy ra qua trinh tao phuc Ag* +
2NH; = Ag(NH3)," p=10"%*

Thé cua dién cyc bac thay ddi phu
thudc vao nong do NHz

_ Ag(NH3),*
Ep = 0,3704 +0,0592.1g ==

Két qua tinh E (Ec), Ei(Ea) va Epin
khi thém dung dich NH; dugc trinh bay ¢

bang 1.

Bang 1. Su phy thugc cua E, va Ep, vao né‘ng do dung dich NH3

STT | Cx(M) Ep(V) E«V) | (Epin)(V) | (Epin)te(V) | Hién twong
1 0,100 0,7389 0,3074 0,4315 0,43 Dén sang
2 1,000 | 0,4720 | 03074 | 0,1646 0,16 Pén tbi
3 1,200 | 04353 | 03074 | 0,1279 0,13 Pén tbi
4 1,400 0.4145 0,3074 0,1071 0,11 Dén tbi
5 1,600 | 0,4066 | 03074 | 0,0992 0,10 Pén ti

Nhdn xét: Két qua bang 1 cho thay
khi ting din ndng d6 NH; thi qua trinh tao
phitc Ag(NH3z)," tang 1én nén E, giam
dan. Khi E; = 0,3074 V = const thi Epin
thay ddi ty 1& thuan voi Ep nén Epin giam
dan khi nong d6 NH; ting.

+ Khi ndng d6 NH; 1a 1 M thi E, =
0,472V. Strc dién dong cia pin tinh dugce
vé mat 1i thuyét 1a (Epim)t = Ep — Er =
0,4720 - 0,3704 = 0,1646 V va suc dién
dong do dugc trén thuc té 13 (Epin)x =
0,16V. Hién twgng: dén chuyén tir sang
sang toi.

+ Két qua thi nghiém dugc minh
hoa ¢ hinh 3.2.

58 | TRUONG DAl HOC HAI PHONG

Hinh 3.2. M6 hinh pin minh hog anh hwong
cua s tao phirc

3.2. Két qua thi nghiém minh hoa
anh hwong ciia qua trinh tao hop chét
it tan dén sirc dién dong ciia pin

+ Trong thi nghiém 2.2.2b da thiét
lap duoc mach pin co so dd nhu sau:

(-) Pb | Pb*" 0,100 M || Pb>" 1,000
M | Pb (+)

+ Pi tinh duoc sic dién dong vé
mit 1i thuyét 1a (Epin)i = 0,0592 V. Hién
twong: dén tdi.

+ Két qua thi nghiém dugc minh
hoa & hinh 3.3.



Hinh 3.3. Mo hinh pin Pb | P> 0,100M ||
Pb>* 1,000M | Pb

+ Khi thém tir tir 10,00 mL dung
dich K>CrO4 0,050 M vao dién cuc Pb thi
x4y ra qua trinh tao hop chét it tan Pb?" +
CrO4> = PbCrO4 (Ks)!' = 10137

Thé cua dién cyc Pb thay ddi phu
thudc vao ndng d6 K»CrOy
0,0592

3

Két qua tinh E; v Epin khi thém
dung dich K>CrO4 0,050 M dugc trinh bay
0 bang 2

Ei=Epbcro,/pb - Ig[CrO4’]

Bang 2. Su phu thugc cua E; va Epim vao n&ng do dung dich K>CrO;

STT | Vi(mL) | Cx(M) | EqV) | Ep(V) (Es,“)“ (Epin)«V | Hién twong
1| 0,00 0 | -0,1852 | -0,1260 | 0,0592 | 0,0592 | Deén tdi
2 | 500 |00100|-04516 | -0,1260 | 0,3256 | 03255 | Dén sang
3 | 600 |00115]|-0,4600 | -0,1260 | 0,3340 | 0,3339 | Den sing
4 | 7,00 |00130|-04647 | -0,1260 | 0,3387 | 0,3386 | Den sing
5 | 800 |0,0143 | -0,4680 | -0,1260 | 0,3420 | 0,3416 | Dén séng
6 | 9,00 |0,0155|-0,4704 | -0,1260 | 0,3444 | 0,3442 | Dén séng
7 | 10,00 |00167 | -0,4723 | -0,1260 | 0,3463 | 0,3461 | Den séng

Nhdn xét: Két qua bang 2 cho thiy
khi tang dén thé tich Vg, cro, thi ndng do
K>CrO4 tang, thi qua trinh tao phic
Ag(NH3)2™ ting 1én nén Ep giam dan. Khi
E, =-0,1260 V = const thi Epin thay doi ty
1& nghich véi E nén khi Vg_¢,o, ting din
thi Epin ting dan.

- Véi Vi,cro, = 5,00 mL thi dén
sang va do sang ting dan. Do do trong thi
nghiém minh hoa téi lya chon Vi, ¢rg,= 10
mL. Stc dién dong vé mit 1i thuyét 1a
(Epin)it = 0,3463V. Hién tugng: dén sang.

+ Két qua thi nghiém dugc minh
hoa & hinh 3 4.

Hinh 3.4. M6 hinh pin minh hog anh huong

cuia sw tao thanh hop chat it tan

3.3. Két qua thi nghiém minh hoa
dnh hwong cia pH dén sirc dién dong
cia pin

+ Trong thi nghiém 2.2.2¢ da thiét
1ap duoc mach pin ¢6 so dd nhu sau:
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Cu | Cu®" 0,100 M || NH3 0,039 M, stc dién dong do duoc trén thyuc té 1a
Ag(NH3); 70,080 M | Ag (Epin)t = 0,16 V. Hién twong: dén tHi.

+ Da tinh duoc strc dién dong vé + Két qua thi nghiém duoc minh
mit 1i thuyét 13 1a (Epin)r = 0,1646 V va  hoa ¢ hinh 3.5.

Hinh 3.5. M6 hinh pin Cu | Cu’™ M || NIH;, Ag(NH;), | Ag

+ Khi thém tir tr V mL‘dung dich E; = E%H(OH)Z/CH —0,0592.1g.[0OH™]
NaOH 1,000 M vao di¢n cuc dong thi xay V-3
ra  phian Ung: Cu?* +20H" = Bl e 15+V
Cu(OH), (K;)~! = 10198 Két qua tinh Ep va Epin khi thém

Phan img dién cyc: Cu(OH)> + 2e dung dich NaOH 1,000 M dugc trinh
= Cu + 20K bay ¢ bang 3.

Thé cua dién cuc dong thay d6i phu
thuge vao nong d6 OH (phu thude pH
dung dich).

Bang 3. Sur phu thuoc cua E; va Epin vao thé tich dung dich NaOH 1,000M

STT | V(mL) | E«(V) | Ep(V) | Epme(V) | (Epin)e(V) | Hién twong
1 0,00 | 03074 | 04720 | 0,1646 0,16 Dén tbi
B 4,00 |-0,1734 | 04720 | 0,6454 0,60 Dén séng
3 500 | -0,1899 | 04720 | 0,6619 0,61 Dén sdng
4 6,00 | -0,1991 | 04720 | 0,6711 0,62 Dén sdng
5 7,00 | -02053 | 04720 | 06773 0,63 Dén séng &

Nhdn xét: Két qua bang 3 cho thiy vé mit li thuyét 1a (Epin )= Ep — E =
khi ting dan dung dich NaOH 1,000 M E;  0:4720 — (- 0,2053) = 0,6773 V va strc
giam dan. Khi E, = 0,4720 V = const thi ~ dién dong do dugc trén thyc t€ 1a (Epin)
Epin thay ddi ty 1¢ thuan voi Ei nén Epn = 0,63V. Hi¢n tuong: dén chuyén tur
ting dan. sang sang toi.

+ Khi V yeom = 7,00 mL thi dén + Két qua thi nghiém dugc minh
sang rd. Stc dién dong cua pin tinh dwge  hoa ¢ hinh 3.6.
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Hinh 3.6. Mo hinh pin minh hog anh huong cua pIi

3.4. Két qua thi nghiém minh hoa inh hwéng ciia nong dd dén sirc dién dong

cua pin
(-) CulCu?* C1 M || Cu* 2M [Cu. (+)
Phan trng dién cyc: Cu*™ + 2e = Cu

A gra _ o
The dién cuc E, 2+ = Ecyz+ o+

205% 1g [Cu**] = 0,337 +

0,0592
2

. Ig [Cu']

Stre dién dong cua pin 1a do sy chénh léch vé nong do ctia Cu®*

0,0592

Epin = Ep — Er=———Ig C2/ C1.
Két qua tinh Epin khi thay d6i cac ndng d khéc nhau vao dién cue trai duoc trinh
bay & bang 4.
Badng 4. S phu thuée ciia E,va Epin vio nong dg dung dich CuSO4
STT Cx(M) En(V) E«(V) (Epm)i(V) (Epm)(V)

1 0,010 0,346 0,278 0,068 0,07

2 0,030 0,346 0,292 0,054 0,06

3 0,050 0,346 0,298 0,048 0,05

4 0,070 0,346 0,303 0,043 0,04

Nhdn xét: Két qua bang 4 cho thiy khi
¢b dinh nong d6 Cu®" & dién cuc bén phai
(cathode) thi Epin thay doi phu thude véo
nong d6 ndng do Cu>* & dién cyuc bén tri.

4. Két ludn

Nghién ctru nay da thiét ké va thue
hién céc thi nghiém nhim minh hoa sy
anh huéng ctia cac qua trinh héa hoc dén
stre dién déng cia pin. Két qua cho thiy
su thay d6i nong do ion, pH, ciing nhu cac

phan tmg tao phirc va tao hop chét it tan
déu tac dong ro rét dén sic dién dong,
gitip ngudi hoc d& dang quan sat va hiéu
sau hon vé nguyén Iy hoat dong cua pin
dién hoa. Cac thi nghiém duoc thiét ké
don gian, d& thue hién nhung van dam bao
tinh khoa hoc, phti hop dé ap dung cho sinh
vién trong hoc tap va nghién ciru. Ngoai
viée ciing ¢b 1y thuyét, nhitng thi nghiém
nay con gitip phat trién tu duy thie nghiém
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cho ngudi hoc, tir d6 nang cao chat lugng
day va hoc hoa hoc dién hoa.
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