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SU DUNG THi NGHIEM TRONG DAY HQC MON HOA HQC O TRUONG
TRUNG HQC PHO THONG: THUC TRANG VA MOT SO BIEN PHAP
CHO PHAN CO SO HOA HQC CHUNG VA HOA HQC PHI KIM

Pham Thi Binh, Nguyén Bich Ngan va Vii Thi Tinh
Truong Dai hoc Su pham Ha Ngi, Khoa Hoa hoc

Tém tit. Nghién ciru nay thuc hién diéu tra dé danh gia thuc trang viéc st dung thi nghiém
trong day hoc phan Co s Héa hoc chung va Hoa hoc Phi kim vé murc d6 thuong xuyén,
hinh thirc, phuong phép sir dung thi nghiém va trung cau y klen vé nhimg kho khan, tr¢
ngai khi sir dung thi nghiém thyc ciing nhu vé nhitng mong mudn, dé xuét ciia gido vién dé
tang muc d§ va hiéu qua st dung thi nghiém thuc trong day hoc hoa hoc. Két qua khao sat
bang phiéu diéu tra voi 150 gido vién day mon Hoa hoc ciia 112 trudng THPT thudc 19
tinh mién Béc cho thiy thyc té gido vién con rat it sir dung thi nghiém thuc trong day hoc
héa hoc va mot s6 nguyén nhan chi yéu dan dén han ché d6. Trén co so phan tich két qua
diéu tra, bai bao d& xuat mot s bién phap dé tang cudng viée st dung thi nghiém cta giéo
vién theo huéng sir dung céc bd kit thi nghiém, cac thi nghiém vui va thi nghiém c6 su
dung ngudn nguyén liu trong cudc sbéng.

Tir khoa: thi nghiém hoa hoc, mén Hoéa hoc, bd kit thi nghiém, thi nghi¢ém vui, thi nghiém
¢6 str dung ngudn nguyén lidu trong cudc song.

1. Mé dau

Thi nghiém la mét phuong tién truc quan dac trung trong day hoc mén Hoa hoc. Gido vién
can c6 nang luc sir dung thi nghiém (TN) trong cac bdi canh, diéu kién day hoc thyc té.

Trong day hoc mén Hoa hoc, gido vién (GV) co thé str dung cac loai hinh TN khac nhau.
V& loai hinh TN ¢6 thé chia thanh 2 loai co ban 1a TN duogc thuc hién bé’lng céc hoa chit, dung
cu that (trong bai bao nay goi 1a TN thuc) hodc dang mé phong. TN thuc c¢6 thé do GV 1am biéu
dién hodc HS lam dé nghién ctru, thyc hanh, trai nghiém & trén 16p, trong phong TN hoic ciing
c¢6 thé & khong gian khac. TN thuc duoc ghi hinh lai thuong dugc goi 1a video TN, trong bai
bao ndy goi rd la video TN thyc. Qua trinh thyc hién hay dién bién ctia cac TN c6 thé duogc thuc
hién mo phong bang cac phan mém vi tinh, ngudi xem c6 thé nhin thay cac thao tac thuc hién,
dién bién, hién tugng cua phan tng hoa hoc. Mot dang phong TN hoa hoc thuong gap la dang
clip mo ta toan bd mot qua trinh tir cic thao tic cho cac hoa chit vao nhau va xuat hién hinh
anh, hiéu trng, am thanh cia cac hién tugng xay ra cua phan rng (dang nay trong bai bao goi la
TN moé phong). Hodc hién nay ¢ 1 s6 phan mém goi 1a phong TN hoéa hoc 4o, trén dé c6 thu
vién cac dung cu, hoa chét nguoi thyc hién co thé bim chon cac dung cy, hoa chat, cho tuong
tac voi nhau thi nhan quan sat duoc hinh anh mé phong hién tuong, dién bién cua cac qua
trinh xay ra. V4i cac phong TN héa hoc 40 nay, ban chét ciing 1a dang mé phong, tuy nhién,
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nguoi thyc hién c6 mot thu vién cac dung cy, hoa chit dé co thé Iva chon, thuce hién hién cac
tuong tac cua nhiéu qué trinh, phan tng hoa hoc khac nhau. TN dugc thuc hién trén cac phong
TN 4o nay thuong goi la TN 4o, bai bao sur dung thuat nglt TN ao theo nghia nay.

Vé muc dich, GV ¢6 thé sir dung TN dé hoc sinh (HS) tim t0i, khdm pha kién thuc hodc dé
minh hoa, cung ¢6 kién thire; thuc hanh ki nang thi nghi¢ém; danh gia kién thirc, ki nang; tao tinh
huéng/vén dé cho bai hoc/hoat dong hoc; trai nghiém vén dung kién thuc;.... Nhu vay, thong
qua viéc sir dung TN trong day hoc ma phét trién, danh gia ning luc va phdm chat cho HS.

Chinh vi su phong phu va gid tri cua viéc st dung TN trong day hoc hdéa hoc ma nhiéu tac
gia dd quan tdm nghién ctru van dé nay. Cu thé, mot s hudng va nghién ciru duoc cong bd nhur:

(1) Hudng thtr nhét nghién ciru vé cach thirc/phuong phap sir dung cac TN nham tich cuc
hoa hoat dong hoc, phat trién ning luc cho HS. Trong céac nghién ctu nay thuong dé cap dén
cac TN thyc, str dung cac dung cuy, hoa chat trong phong TN dé tim hiéu cac qua trinh, bién doi
hoa hoc. Theo hudng nay co thé ké dén cac tac gia nhu: nhom tac gia Pham Thi Binh, Dang Thi
Oanh [1] nghién ctru vé phuong phap sir dung TN dé phat huy tinh tich cuc cia HS trong day
hoc hoéa phat huy tinh tich cuc cua HS; nhom tac gia Pao Hong Hanh, Vii Thi Thu Hoai [2],
nghién ctru sir dung TN trong day hoc dé phat trién nang lyc thuc hanh, thuc nghiém cho HS;
hay nhém tac gia Vii Thi Thu Hoai, Vii Thu Trang [3] sit dung phian mém Chemist by thix dé
xay dung TN 4o nham phat trién nang lyc thuc nghiém hoéa hoc cho HS THPT,...

(2) Hudng thir hai nghién ctru thiét ké, cai tién cach thyc hién cac TN, nhu: nhom tac gia
Tran Qudc Pic, Nguyén Thi Kim Thanh [4] thiét ké cac TN don gian gan véi hién tugng tu
nhién; tac gia Phan Pong Chau Thuay [5] dé xuét sir dung TN gin két cudc séng; hay nhom tac
gia DS Thi Quynh Mai va Nguyén Hiru Hanh [6] x4y dung mot s6 TN theo dinh huéng gido duc
STEM,...

(3) Hudng tha 3, khi gido duc STEM dugc quan tam, nghién ctru sit dung TN trong day
hoc cac chu dé giao duc STEM trong mon Hoa hoc, nhu: nhéom tac gia Dinh Xuén Théo va cong
su [7] thiét ké chu dé pin dién hoa sang tao; nhém tac gia Nguyén Méau DPirc, Duong Thi Anh
Tuyét [8] thiét ké sir dung TN theo huéng gido duc STEM trong chu dé acid, base;. ..

(4) Hudng thir 4, nghién ctru st dung bg kit TN trong day hoc cac mon Khoa hoc Ty nhién
ndi chung va mén Hoa hoc noi riéng. Theo hudng nay, & Viét Nam chua thay c6 cong bd nao,
tuy nhién & trén thé giéi di duoc nghién ctru nhu nghién ctru cia Boschmann E. va Casanova
R.S va cac cong su [9, 10]. Trong dd, cac tac gia da nghién ctu ché tao céc kit TN c6 thé thuc
hién duoc dya trén cic chudn dau ra ciia mon hoc va theo hudéng don gian va gia thanh thap.
Kennepohl [11] da che tao bd TN véi cac nguyen lidu 14 san pham trong cudc song. BO kit TN
da tang kha nang tiép can ciia HS va sinh vién véi cac TN hod hoc. Céc b kit TN day phan hop
chét [12], dién hoa hoc [13] va hoa hoc polymer [14] cling d& dugc nghién ciru va ché tao.
(B0 kit TN 1a bo dung cy, hoa chat/nguyen liéu du dé thuc hién mot hodc mot vai thi nghiém, co
kich thudc nhé gon).

Nhu véy, c6 thé thiy, & Viét Nam da sb cac cong trinh nghién ctru vé cach thic sir dung
TN trong phong TN, TN hoéa hoc thuan tay dé thuc hién cac bién ddi cia cac chat hoa hoc trong
chuong trinh héa hoc pho thong. Viéc nghién ctu cai tién TN hay sir dung TN thuc hién tir
ngudn nguyén liéu trong cudc song, sir dung TN vui hay thiét ké cac bo kit TN con rat han ché.

Theo chuan nghé nghiép GV THPT [15], tiéu chi 2, tiéu chuan 5, GV can c6 kha nang sir
dung phuong phap day hoc va giao duc phat trién phdm chat, ning lyc HS. ‘Trong do, muc do
dat yéu ciu GV ap dung dugc cac phuong phap day hoc va gido duc phat trién pham chat, ning
lie, con mure kha phai la chu dong cap nhét, van dung linh hoat, hiéu qua cac phuong phap day
hoc va gido duc dap tmg yéu cau doi méi véi phii hop véi didu kién thuc tlen Nhu vay, GV can
s dung duge TN trong day hoc theo cac phuong phap phu hop de phat trién phim chat nang
lyc HS va ¢ mic cao hon thi GV can c6 kha nang linh hoat cai tién, diéu chinh cich tién hanh
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va st dung TN phu hop véi diéu kién thuc tién cu thé (nhu khi thiéu dung cy, hoa chét hay véi
) lugng, dbi tuong HS cu thé, .. 2.

Véi tAm quan trong cua viéc st dung TN trong day hoc hoa hoc, yéu cau chuén nghé
nghiép cua GV nhu trén, cau hoi dat ra la: Trong thuc t& GV st dung TN nhu thé nao? Cac kho
khin, tré ngai cia viée sit dung TN 1a gi? Va lam thé nao dé GV c6 thé sir dung TN dé phat
trién phém chit, nang lyc phu hop trong diéu kién thuc tién cu thé?

Dé tra 101 cac cau hoi do, nghién ciru nay da thyc hién diéu tra thuc trang viéc st dung TN
trong day hoc héa hoc cua GV ¢ cac truong THPT (thude mién Béc) vé loai hinh TN, muc dich,
phuong phép sir dung, ciing nhu nhimng kho khin ctia GV trong viée sir dung TN, cac dé xuat dé
khic phuc. Tir viéc thu thap, xtr 1i va phan tich dir liéu diéu tra, bai bao da dé xuat cac bién phéap
dé tang cudng viée st dung TN trong day hoc héa hoc.

2. Noi dung nghién ctru
2.1. Phwong phap va khich thé nghién ctru

Bai b4o str dung phuong phéap diéu tra dé nghién ctru thuce trang viée sir dung TN trong day
hoc hoéa hoc, nhﬁ’pg kho k}lén, mong muon cua GV trong viéc sut dung TN; su dung phuorng
phap toan hoc thong ké dé phan tich dir liéu; sir phuong phap phén tich, tong hop dé chi ra
nhimg diém ton tai, nhirng khé khan trong vi€e sir dung TN hoa hoc ¢ truong THPT va dé xuat
cac bién phap d¢ ting cuong viéc st dung TN.

Khach thé nghién ciru 1a GV day hoc mon Hoa hoc ¢ trudng THPT céc tinh mién Bic.

2.2. Két qua nghién ctru
2.2.1. Muc dich, phwong phap va ddi twong diéu tra

* Muc dich, ngi dung diéu tra

Muc dich diéu tra:

Viée thuc hién diéu tra nham danh gia thyc trang sir dung TN trong day hoc hoa hoc noéi
chung va hai phan Co s& Hoa hoc chung, Hoéa hoc Phi kim & truong THPT, nhitng kho khan,
han ché trong viéc sir dung TN cua GV d¢ lam co sé cho viéc dé xuat cac bié€n phap tang cuong
murc d6 va hi€u qua cuia viéc sir dung TN trong day hoc héa hoc.

Ngi dung diéu tra:

- Nhan thirc cia GV vé tim quan trong va vai tro ciia TN trong day hoc hod hoc.

- Murc d6 thuong xuyén sir dung TN theo cac muc dich khac nhau, loai hinh TN cua GV
thuong str dung trong day hoc hoa hoc noi chung va phan Co s¢ hoa hoc chung, Hoéa hoc Phi
kim noi riéng. Li do cia mirc do thuong xuyén va loai hinh TN GV sur dung.

- Mtrc d6 thuong xuyén S&Ndung TN thyc theo 3 hudng: thuc hién béng dung cu, hoa ch‘ét
trong phong TN theo huéng dan trong sach gido khoa; TN vui; TN thyc hién bang ngudn
nguyén li€u trong cudc song.

- Cac nguyén nhan din dén nhimg han ché trong viéc str dung TN ciia GV va cic mong
muon ho trg cho viéc sir dung TN.

- Nhu céu, mong mubn ctia GV véi cac bd kit TN hoa hoc.

* Phwong phdp, cong cu diéu tra

Bai bao su dung phuong phap diéu tra voi cong cu la phiéu hoi theo hinh thire online.
Trong phiéu di‘éu tra ¢o st dung sur dung phéi l}qp qéc loai cau hoi dé thu thap dugc cac thong
tin mot cach day du va khach quan. Cu thé phiéu diéu tra str dung hai loai cdu héi dong va cau
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hoi md. Cau hoi dong dé diéu tra co ban, duge thiét ké dang cau hoi tric nghiém nhiéu lira chon
v6i yéu cau chon mot hodc nhidu phuong an. Cau hoi mg dé trung cau y kién nguoi duoc hoi.

* Poi twong, dia ban diéu tra

béi tuong diéu tra 1a GV day mon Hoéa hoc & cac truong THPT thudc mot s6 tinh mién Bic.
Céc GV dugc gui phiéu didu tra c6 trinh d6 chuyén mon va sd nim kinh nghiém khac nhau
nham muc dich thu thap dugc thong tin toan dién, khach quan.

2.2.2. Két qua diéu tra va phén tich

* Cdc théng so vé doi twong GV tham gia diéu tra

Nhom nghién ctru di thye hién gii va thu thap dwoc 150 phiéu didu tra hop 16 cia 150 GV
thuoc 112 truong THPT trén 19 tinh mién Bic. Cac tinh bao gdbm: Ha N¢i, Hai Duong, Hai
Phong, Nam Dinh, Hd Nam, Ninh Binh, Thai Binh, Quang Ninh, Hung Yén, Bic Ninh, Lang
Son, Pht Tho, Son La, Thai Binh, Thanh Ho4, Thai Nguyén, Vinh Phtc, Dién Bién, Bic Giang.
Trong s6 GV da diéu tra ¢6 41,3% GV c6 trinh d6 ctt nhan, 56% GV ¢ trinh d6 thac si va 2,7%
GV ¢6 trinh d tién si. Pa s6 GV di diéu tra c6 trinh d6 cir nhan va thac si (1 2 trinh d6 thuong
gip voi GV & trudng THPT), sé lugng GV ¢ 2 trinh d6 nay ciing tuong duong. S6 nim kinh
nghiém day hoc mén Hoa hoc & truong THPT cia cac GV da diéu tra chi c6 10% 1a duéi 5
nam, con lai 1a trén 5 nam (24% tir 5 - 10 nam, 34% tir 10 - 15 nam va 32% trén 15 nam).

V6i cac thong tin cia ddi twong GV tham gia diéu tra nhu trén cho thdy thong tin diéu tra
duogc thu thap trén pham vi rong, vdi cac GV ¢ cac muc trinh do chuyén moén khac nhau, s nam
kinh nghiém chii yéu trén 5 nam phii hop dé phan tich cac thong tin diéu tra.

* Két qud diéu tra vé tam quan trong va vai tro ciia thi nghi¢m trong day hoc héa hoc

100% GV chon tra loi st dung TN trong day hoc hoa hoc la quan trong va rat quan trong.
Diéu nay ciing phit hop voi két qua cdu tra 101 cia GV vé cac vai tro, y nghia cua viée sir dung
TN trong day hoc héa hoc ¢ truong THPT. Cac GV duoc diéu tra déu chi ra dugc céc vai tro, y
nghia quan trong ctia TN. Trong d6, 3 vai trd dugc trén 90% GV chon gom: Nang cao hing thu,
dam mé hoc tap; Ghi nhé, khic siu duoc bai hoc tét hon; Két nbi i thuyét va thuc tién (hoc di
doi voi hanh). Ba vai tro khac duge khoang 80% GV chon gom: Tim toi, kham pha kién thuc;
Phat trién niang luc (ning lyc hoa hoc, gidi quyét van dé va sang tao, giao tlep va hgp tac); Hinh
thanh phuong phap hoc tap, nghién ciru héa hoc. Diéu nay cho thdy GV déu nhan thic dugc
viéc st dung TN trong day hoc hda hoc 1a quan trong va co6 tac dung dé HS tim toi, kham pha
kién thirc, phat trién ning lyc cho HS va dic biét 1a nang cao himg thii hoc tap, giup HS nhé bai
hon va tang tu két ndi cua bai hoc véi thuc tin.

150 céu tra lai

@ Rét quan trong
@ Quan trong Nang cao hung tha, dam mé h

o~
Quan trong
61 (40,7%)

Khong quan trg Tim tol, kham pha kién thirc 124 (82,7%)

Ghi nhé, khac sau dugc bal ho. 135 (80%,
Nang cao long tin vao khoa hec. 104 (69,3%)
K&t ndi Il thuyét va thue tién (h. 136 (90,7
Phat trién nang lyc (néng luc h 125 (83,3%)
Hinh thanh phuong phap hoc t 118 (78,7%)

0 50 100 150

Hinh 1. Pdnh gid vé tim quan trong va vai tré thi nghiém trong day hoc héa hoc
6 trwong Trung hoc phé thong
* Két qud diéu tra vé mirc d¢ thwong xuyén siv dung TN trong day hoc héa hoc
Khi hoi vé mirc do thuong xuyén cua viée sir dung TN theo cac muyc dich khac nhau, nhom
nghién ctu thu duge két qua nhu sau: s6 GV thuong xuyén st dung TN d€ minh hoa kién thirc
dd hoc va thuc hanh ki nang la 16n nhat, chiem gan 30% (48/150); S0 GV thuong xuyén st
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dung TN dé hinh thanh kién thirc méi (26/150) va tao tinh hung 30/150 it hon, khoang 20%;
S6 GV thuong xuyén st dung TN dé kiém tra (8/150) hay luyén tap (16/150) 14 it nhét.

S6 GV thuong xuyén st dung TN trong day hoc phan Héa hoc Phi kim (44/150, gan 30%)
nhiéu hon so véi phan Co s& Hoa hoc chung (16/150, khoang 10%), tuy nhién déu rét thap.

I Thuong xuyén M Thinh thodng Hiém khi [l Khong bao gio

100
75
50
25

0

o ot
N o et o e e
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Hinh 2. Mirc dp thwong xuyén siv dung thi nghiém theo cdc muc dich khdc nhau
vé loai’TN, trong ca 2 ph?m ndi dung du’(,)rc khao sat, GV st dung video TN thuc nhiéu hon
cd, sau d6 dén TN mo phéng, TN do, va it nhat 1a TN thyc.

100 mEE Gho yeu B MGt sb Hiém khi [ Khong bao gi&
75
50
25
0
Thi nghiém thye (thyc hién Video thi nghiém thyc (ghi  Thi nghiém do (thuc hién trén Mé& phéng thi nghiém -
trén lop) hinh thi nghiém thuwc) phan mém)

Hinh 3. Mirc dp thuwong xuyén sir dung cdc logi thi nghiém Phan Héa hoc Phi kim

Véi két qua va mirc do thuong xuyén sir dung TN va loai TN cho thay TN thyc rat it dugc
sir dung trong day hoc & ca 2 phan noi dung diéu tra.

Viy tai sao thuc t& GV lai rét it str dung TN thuc, médc du loai TN nay c6 gia tri hon vé
nhiéu mit va trong da s truong hop so v6i cac loai TN khac? Dé tra 10i cau hoi nay nhom
nghién ctru da sir dung cau hoi mé dé trung cau y kién ciia GV. V6i ca 2 phan Co so héa hoc
chung va Hoa hoc Phi kim tuong ty nhau, hai li do ma nhiéu GV chon nhat d6 1a do con thiéu
o sO vt chat va khong du thoi gian dé chuan bi. Mot s6 GV gidi thich thém la do c6 mot s6 TN
ddc hai nén st dung video TN thuc va TN mo phong cho an toan, viéc stir dung cac loai TN nay
cling tranh dugc cac sy ¢ khi tién hanh TN, dam bao vé thoi gian.

* Két qud diéu tra vé nguyén nhéin han ché sir dung thi nghiém thuc va viéc lwa chon
dung cu héa chat véi cdc thi nghiém nay

Céc nguyén nhan anh huéng 16n dén viéc han ché st dung TN thyc trong day hoc héa hoc
& truong THPT dugce GV cho biét trong cac cau tra 10i d6 1a:

- Dung cu, hoa chit khong dam bao chat lugng chiém 71,3%.

- Chua du dung cu héa chat cho tat ca cac bai chiém 68,7%.

- Khong ¢6 thoi gian chuén bi dung cy, hoa chét cho ting bai chiém 63,3%.

- S6 HS trong 1 16p rit dong chiém 61,3%.

Nguyén nhan TN ddc, hai anh hudng t6i stic khoe va moi trudng ciing 1a yéu td gy anh
huong 16n ma 53,3% GV chon.
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Hoc sinh thdy dwec hoa ho... 148 (98,7%
Dam bdo an toan va thu vi...
Hoc sinh dwgc tham gia va... —128 (85,3%)
Tan dung dwoc db taiché,... 117 (78%)
Hoc sinh hiéu bai va dé nh... 101 (67,3%)
Hoc sinh thay duoc hoa ho... 135 (90%)
Phat trién nang Iwc van dy... 135 (90%)
0 50 100 150

Hinh 4. Y nghia ciia cdc thi nghiém sir dung nguon nguyén li¢u tir cupc song
Khéng co thai gian chudn. .. 95 (63,3%)
107 (71,3%)

103 (68,7%)

Dung cu, héa chét khéng d...
Chua dd dung cu hoa chét...
Thi nghiém déc, hai dnh h... 80 (53,3%)
Ki nang lam thi nghiém ca... —28 (18,7%)
Trong cac dé thi dién réng,... 65 (43,3%)
Thi nghiém chwa dd hap dan |20 (13,3%)
S hoc sinh trong 1 16p réat. .. 92 (61,3%)
Thiéu tai liéu tham khdo vé...

0 25 50 75 100 125

Hinh 5. Cdc nguyén nhén danh huong dén vi¢c han ché sir dung thi nghi¢m
trong day hoc hoa hoc

Véi cau hoi vé viée lya chon dung cuy, hoa chit 1am cac TN thuc, két qua tra 101 cua GV
nhu sau:

- Hon nta s6 GV (62%) chon tat ca hodc da s6 TN da dung 1a TN thyc sir dung dung cu,
hoa chat trong PTN theo huéng dan trong sach gido khoa.

- V6i TN thuye, c6 cai tién cach 1am so véi hudng dan trong sach giao khoa hodc c6 st dung
dung cy, hoa chét trong doi séng, hodc st dung TN vui thi hon mot nira s6 GV (trén 69%) chi
thuc hién véi mot s6 TN.

Tra 1oi vé y nghia cda viéc sir dung nguyén li€u trong cudc séng dé 1am TN thuc hodc TN
vui két qua 1a:

- Trén 90% GV cho rang cac TN sir dung nguyén liéu, dung cu trong doi song, hoac TN
vui ¢6 tac dung giup cho HS thiy duoc hoa hoc gin g, gan lién véi cude song, hoa hoc hap
dan va yéu thich moén hoc hon va c6 tac dung phat trién nang luc vén dung kién thire, ki nang
cho HS.

- 85% GV chon HS dugc tham gia vao qua trinh chuén bi dung cy, nguyén li€u.

- Khoang 60 - 78% GV chon cac TN nay dam bdo an toan va thi vi hon cac TN trong
phong TN, tan dung dugc do tai ché, nhiing thir ¢ san c6 trong gia dinh va gitip HS hiéu bai va
dé nhé hon.

Nhu vy, c6 thé thay GV déu gh1 nhan gia tri cua cac TN thyc su dung ngudn nguyén lidu,
dung cu trong cudc song va TN vui. Tuy nhién, thyc té GV chu yéu str dung cac TN thuc hién
bang cac dung cu, hoa chit trong phong TN.
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* Kot qud trung cdu ¥ kién vé mong muén dé ting cwong viéc siv dung thi nghiém thuc
trong day hoc héa hoc ciia GV

Véi cau héi’ vé cac mong mufﬁn dé téng cuodng viéc sfr’ dqu TN thyc trong day hoc, két qua
thu dugc cho thay ¢6 3 mong muon ma nhiéu GV chon nhat, gom:

- C(’)‘ cac bd dung cu héa chit sdn va hudng dan sir dung cho céc bai hoc/chu dé bién phap
duogc nhiéu GV chon nhat (84,7%).

- C6 phong TN véi day dii dung cu, hoa chat (75,3%).

- C6 tai liu hudng glﬁn cach cai tién dung cuy, hoa chat trong PTN bang dung cu nguyén
liéu dé€ ki€m trong cudc song (66,7%).

C6 cac bd dung cu hoa cht sa. . 127 (84,7%)
C6 tai liéu huéng dén cach cai... 100 (66,7%)

C6 tai liéu huéng dan st dung... 59 (39,3%)

C6 phong thi nghiém véi day d... 113 (75,3%)

Trong cac dé thi dién rong con...
Tai liéu hudng dén sl dung ca...

58 (38,7%)
63 (42%)

Hinh 6. Dé xudt dé ting cwong sir dung thi nghiém trong day hoc héa hoc

Khi hoi vé mirc do can thiét cta cac b kit TN (bo dung cu thi nghiém nho) theo timg bai
cu thé ma GV ¢6 thé mang 18n 16p cho HS lam, két qua thu dugc: 96% GV cho 1a cin thiét va
rat can thiét; 75,3% GV san sang su dung va 24,7% GV c6 thé sir dung, khéng c6 GV nao chon
khong str dung. C6 92,7% GV cho rang can dugc hudng din thiét ké cc bo kit TN theo cac bai
cu thé tur nguén dung cu, hoa chét cia truong va trong thuc tién cudc séng.

Nhu vay, thong qua két qua diéu tra va phan tich & trén nhén thay:

- Viéc st dung TN trong day hoc hoa hoc con nhiéu han ché.

- Mot s6 mau thuln vé viée su dung TN trong day hoc hoa hoc nhu sau:

+ GV déu nhan thic dugc st dung thi nghiém 1a rat quan trong va mang lai nhiéu gia tri
trong day hoc, tuy nhién thyuc t& GV con it st dung TN dac biét 1a rat it sir dung TN thyc. Day la
mot mau thuan gitra nhan thirc va thuc hién.

+ Muc dich stt dung TN duoc nhiéu GV thuong xuyén sir dung nhat 1a d& minh hoa kién
thirc da hoc va thyc hanh ki nang. Tuy nhién, minh hoa Ia cach sir dung it tich cuc nhét.

+ Trong cac loai TN, GV chon st dung video TN thuc, TN mo6 phong nhiéu hon TN thuec,
trong khi TN thyc 1a loai TN c6 gia tri hon ca trong da s6 truong hop. TN thyc duge sir dung
cha yéu ding dung cu, hoa chat trong phong thi nghiém trong khi GV déu cho rang st dung TN
vui va TN ¢6 nguon nguyén liéu tir cudc song co nhiéu gia tri tot.

- Hai li do anh hudng 16n dén han ché va cac mau thudn trén 1a chua c6 du céc hoa chat can
thiét trong tit ca cac TN va GV khong c6 thoi gian chuin bi.

- GV rat mong mudn va déng tinh véi hinh thire st dung bo kit TN va c6 cac tai li¢u hudng
dan GV thiét ké TN vui, TN str dung ngudn nguyén lidu trong cudc song dé thay thé, lam phong
phu TN trong day hoc.

2.2.3. Mt s6 bién phap ting cwdong mic dd va hiéu qua caa viée sir dung thi nghiém trong
day hoc hoa hoc

T viéc phan tich két qua diéu tra & trén két hop véi viéc phan tich co so li luan ciia viée sir
dung TN, nhom nghién ciru c6 mot s6 dé xuat vé bién phap dé tang cuong muc do va hiéu qua
cua viéc st dung TN trong day hoc héa hoc nhu sau:
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* Bién phdp 1. Thiét ké va sir dung cdc b kit thi nghigm nhé gon, tign dung trong day hoc

Pé khic phuc kho khan vé viéc chuan bj dung cu hoa chét cho céc bai hoc, GV ¢o thé thiét
ké cac bo kit thi nghiém gém cac dung cu, hoa chat sir dung cho ting bai hodc nhom bai hoc.
Khi thiét ké bo kit TN can chii y vé luong chat va kich thudc cac dung cy. Bo kit TN can nho,
gon, chic chin, khong bi d6 v& khi di chuyén dé c6 thé mang 1én 16p, dong thoi ciing can bén
chéc, thun tién véi viée bo sung héa chét va rira don sau khi lam TN.

V6i cac yéu cau vé bo kit TN nhu trén, GV ¢6 thé lwa chon cac lo dung, dung cu, hoa chit
can cht ¥ mot s6 van dé nhu sau:

- V¢ loai lo dung nén chon céc lo ¢ nap xody chat dé khong bi d6, v khi di chuyén. Véi
cac chat dang 16ng hay dung dich, chon lo nip xody va nén gan lién véi cong to hut.

- V& chét liéu cac lo thi thuong lo nhya s€ tién di chuyen, tranh v& tdt nhat. Tuy nhién tuy
ting loai hoa chit ma lya chon lo nhua hay thiy tinh dé dam bao do bén cua lo va khong bi
hong hoa chit. Lo nhua c6 thé dang nhuya trong hoac tréng duc, lo thuy tinh thudong chon thuy
tinh trong, tuy nhién v&i mot sd chat kém bén khi bi chiéu sang thi nén ding thuy tinh sim mau.
C6 thé Iua chon chat lidu lo theo chét liéu lo dung cac hoa chat 16n hon mua vé phong thi nghiém.

Céac hoa chét rin, cac chit long hitu co, dung dich H2Oo,... c6 thé dung trong cac lo nhya
va nén chon nhya ctrng. Vi cac dung dich nén chon lo thuy tinh, vi lo nhya s& nhanh bi 130 hoa.

- V& kich thudce, nén chon lo ¢6 kich thude nhod gon nhung cAn dam béao dé dang trong viéc
bd sung hoa chét, rira dung cu (thuong miéng lo khéng qua nho va thio xody dé dang), phu hop
v6i s6 1an 1am TN cua mdi bo. Vi du c6 thé tinh bd kit TN phu hop str dung véi 5 luot, thi kich
thudc nhu thé nao 1a du nho gon dé di chuyén, khi d6 néu truong c6 10 16p thi chi can chuén bj
1 1an va b sung 1 1an. Cac lo dung hoa chit dang 16ng, dung dich trong b kit thuong cé thé
tich khoang 20 - 25 mL. Lo dung hoa chat ran c6 thé dung lo hinh try nho khoang 10 - 15 mL.

Lo ndp xody c¢é cong to hiit Lo ndp xody thiy tinh Lo ndp xody nhwa

Hinh 7. Hinh dnh mgt sé lo dwng héa chit cé thé siv dung trong cdc bj kit thi nghi¢m

- Cac 6ng nghiém thyc hién cac TN trong mot sé truong hop co thé thay bang lo thiy tinh
trong c6 ndp xody dé dong ndp sau TN. Néu dung ong nghiém thi cAn d6 dung dich, hoa chét
sau TN vao cac lo thu hoi Va c6 thé rira dung cu sau lan.

Céc bo kit TN ciing can dugc dan cac nhan thong tin ddy du cho cic hoa chit, nén co
huéng din ngin gon vé cach sir dung bo kit va cac luu ¥ an toan khi sir dung.

Céac GV trong to chuyén mon ctia cac nha truong cé thé 1ap ké hoach xac dinh cac TN t6
chtrc cho HS thuc hién trén 16p dé thiét ké bo kit TN. Liét ké danh muc cac dung cu, hoa chét
cho mdi bo kit, tinh lwong bd kit phii hgp véi s6 lugng HS, 16p ctia nha trudng. Luu y cac bo kit
lam dé str dung nhiéu 1an nén thudng chi ting lugng dung cu tién hanh thi nghiém (do c6 thé
chua rira duoc ngay), cac 1o dung hoa chét thi co thé bd sung. Viéc chuén bi hoa chét vao cac bd
kit dugc thuc hién theo thang/quy hodc hoc ki va c6 thé phan cong GV phu trach theo bai. HS
nén dugc tham gia vao viéc chuén bi va rira dung cu sau TN véi thoi gian bé tri phu hop.
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* Bi¢n phap 2. Sir dung cdc thi nghiém sir dung nguén nguyén liéu trong cuc song

Thi nghiém sir dung ngudn nguyén liéu trong cude song nghia 1a thay vi sir dung cac chat
trong phong TN co thé sir dung cac ngudn nguyén liéu trong cudc séng co cung hodc chtra thanh
phan hoa hoc can thyc hién phan 0 Umg. Vi du st dung H20; bang nude oxi gia dé rira vét thuong,
CaCO; bang vo trimg hodc cic mau da voi, CH3COOH bing gidgm dn, NaHCO3 bang bot baking
soda,...

Céc TN mang tinh chat tim toi, kham pha kién thirc thuong can phai dam bao tinh don tri
nén str dung cic chat nguyén chat trong phong TN. Tuy nhién, trong thuc té nhiéu truong hop
viée sir dung cac ngudn nguyén lidu trong cudc sdng ciing cho két qua don tri ciing co thé sir
dung dé tim toi kién thuc.

Viéc st dung nguyén li€u trong cudc séng, o dang hon hop nhiéu chit, c6 thé tao ra cac
tinh hudng c6 van dé, hién tugng khac véi st dung hoa chit nguyén chat giap HS c6 thé van
dung kién thuc.

Vi dy 1: Co thé tién hanh cac TN st dung ngudn nguyén liéu trong cudc séng dé tim hiéu
anh hudng cua cac yéu t6 nhiét dong, n6ng do, dién tich tiép xuc dén tée do phan tng, vi du nhu:

+ Cho cung 1 vién sui cho vao cing 1 luong nude & nhiét do thuong va nude lanh d& quan
sat chi ra anh hudng cua nhiét do dén toc do phan ung;

+ Cho cac vién d4 voi véi kich thude khac nhau (cung khéi lugng) phan Gmg véi gidm an
dé chi ra anh hudng ciia dién tich tiép xtc dén toc do phan ung;

+ Cho cing mét luong d4 voi va kich thudc nhu nhau cho phan tmg véi gidm an va gidm
an duogc pha lodng 2 - 3 1an dé chi ra anh hudng ctia ndng d6 dén tdc do phan tmg.

Vi du 2: C6 thé dung cac chat chi thi acid, base 1a cac nguyén liéu trong cudc sébng nhu bap
cai tim, hoa dau biéc, nudc dd den,... dé thir moi truong cac dung dich nude uéng, chat tay rira.

Vi dy 3: Bé minh hoa cho thanh phan nguyén té C trong chat hitu co ¢6 thé sir dung dudng,
bot lam banh (baking soda), con cat thyc hién thi nghiém ran den. Hodc sir dung giam an, nudce
cbt chanh 1am thi nghiém viét thu bi mat ciing chi ra dugc thanh phan nguyén t6 carbon cta chit
hitu co, cac nguyén liéu nay ciing sir dung dé tim hiéu vé tinh chat ctia acid carboxylic,. ..

* Bi¢n phép 3. S dung cdc thi nghiém héa hoc vui

Khai niém TN hoa hoc vui trong bai béo nay hiéu 1a cac TN hoa hoc dugce tién hanh theo
cach thuc tao ra cac hién tuong hip dan, ngac nhién, thich thii cho ngudi xem. Ban chat ciia cac
thi nghiém d6 chi 1a cac phan ing hoa hoc giira cac chat, tuy nhién c6 thé thém cac chat hodc sir
dung dung cu khac nhau dé tao ra cac hién twong thu vi hon so voi viée chi dd cac chat vao
nhau. (Trong Tiéng Anh céc tir khoa thé hién phan tng kiéu nay nhu Cool/fun/amazing chemial
experiments).

Cac TN vui c6 thé st dung trong day hoc véi cac muc dich nhu tao tinh huéng bét
dau/nghién ctru cho bai hoc/hoat déng hodc sir dung nhu mét tinh hudng dé luyén tap, van dung,
danh gia kién thirc ctia HS hoic ciing c6 thé sir dung dé t6 chirc cac hoat dong trai nghiém dang
thuc hanh thi nghi¢ém cho HS.

Vi dy 1: St dung thi nghiém trimg tu chui vao binh.

Tur thi nghiém thur tinh tan ctia NHs (hodc tuong ty véi HCI) thuong thuc hién trong bai
hoc nhu hinh bén, thay vi nhing 6ng vuét vao nude chira phenolphatalein, c6 thé thyc hién 1
TN vui bang cach dit 1 qua trimg di nhing dung dich phenolphatalein (d ludc, boc vé, to hon
miéng binh dung khi 1 chit) 1&n mi¢ng binh thi do NHs tan manh trong trén qua trang lam ap
SUAt trong binh dyng khi giam, qua tring tur tir bi hut vao trong binh (goi 1a tu chui vao binh) va
nhuém mau hdng. Véi TN d6 GV c6 thé tién hanh khi bit dau gid hoc giéng nhu mét trd ao
thut hay cau truyén than bi (qua trang nhung nudc than s& tu chui vao binh va ddi mau, sau do
than lra s& day qua trang ra, va néu tha vao mét loai nudc than khéc (dung dich acid) thi tring
tro lai.

166



Si dung thi nghiém trong day hoc mén Héa hoc ¢ truong Trung hoc Phé théng: Thiee trang va mot so...

NH3

Nwéc cé pha
phenolphtalein

Hinh 8. Thi nghigm tha tinh tan cia NHs trong nuwéc

GV s& mo ta va tién hanh TN, tuy nhién dau tén dung dich nhing qua tring va khi trong
binh d& HS to mo, du doan, sau d6 GV cho biét tén cac chat di s dung va dit ciu hoi vé cau
tao, tinh chét ciia NHs,.... GV dit cac cau hoi 201 mo hién tugng TN vui nay s€ gitp HS phan
tich rat ra két luan vé tinh tan va tinh base cia NH3. Hodc sau khi tao tinh hudng bi 4n d6, GV
t6 chire cho HS tim hiéu tinh chét ciia NH3 va yéu cau HS van dung kién thic dé giai thich hién
tuong TN.

GV ciing c¢6 thé sir dung TN vui ndy nhu mot bai tip trong hoat dong luyén tap, van dung
hodc cling co thé t6 chitrc cho HS 1am trong cac budi thuc hanh, trai nghiém.

Vi du 2: St dung thi nghiém kem dénh rang voi.

H202 bi phan huy chim khi ¢ nhi¢t d thuong nhung néu dun nong va cd chat xuc tac thi
phan ng s€ xay ra nhanh hon. Thi nghiém nay c6 the sir dung dé diéu che oxygen trong phong
TN hoic tim hiéu anh huong cua chét xtc tac dén toc do phan tng va tién hanh don gian bang
cach cho chat xuc tac (MnO», KI,. ..) vao dung dich H205, thir oxygen bang que dom dang chay
hodc con than hong. Tuy nhién, neu trong TN nay cho thém 1 chut nudc rira chén va thém 1
chut mau thi s€ tao ra hién tugng rat th vi d6 1a s& tao ra mot khoi bot mau bi day/phun én trén
gidng nhu bot khi danh riang (nhung luong 16n nén dat tén 1a kem danh ring voi). Tiy theo nong
d6 khac nhau cua H.O2 va dung cu 1am thi nghiém, tham chi cach cho mau ma khéi bot phun
1én cao, manh hodc c6 mau sic khac nhau rat thi vi. Néu nong d6 H.0, thap (str dung nudce oxi
gia y té) thi chi phun nhe, c6 thé tao dang nui ltra phun trao nhu sir dung gidm an va bot baking
soda. GV ¢6 thé st dung TN vui kem danh ring voi trong bai toc do phan mg khi nghién ciru
anh hudng ctia cac yéu to dén tdc do phan (mg (ndng do va chat xic tac). GV tién hanh TN vui
v6i nong d6 H,0, khoang 30 - 50% trong cac binh tam gi4c c¢6 nhé, dng dong hodc chai thi tinh
¢ dai dé tao hién tuong tha vi cho HS. Cho HS giai thich hién tugong dé biét ban chit cua qua
trinh xdy ra, chi ra phan tng phan hay H,O, véi chét xic tac 1a KI. C6 thé lam thém TN ddi
chimg khong c6 KI dé tim ra anh hudng ctia chét xtic tic dén toc do phan tmg. Sau d6 GV ¢
thé cho 1 sb HS biéu dién ddng thoi TN nay nhung str dung cac ndéng do H.0; khéc nhau, cac
luong chat khac giit nguyén, HS quan sat s& thdy hién tuong khac nhau, dit cau hoi so sanh va
giai thich hién twong d6 HS s& tim ra duoc kién thirc anh hudng cua ndng do dén tde d6 phan img.

Céach khac twong ty nhu TN trirng ty chui vao binh GV ¢o thé s dung khi luyén tap, van
dung kién thuc hodc thuc hanh, trai nghiém. GV cling c6 thé to chire dudi dang cudc thi khi
thuc hanh trai nghiém, HS tu lua chon dung cu, néng d6 cac dung dich st dung, lugng cac chét
dé tai ra céc hién tuong theo mot s6 tiéu chi nhét dinh nao do6, HS s& phéi van dung kién thirc vé
tdc d6 phan tng va ca kién thirc vat 1i dé chon phuong an phu hop véi tiéu chi duwa ra.

Néu thay KI bang KMnO, thi ciing duoc hién tugng tuong tur tuy nhién khi d6 ban chat xay
ra qué trinh oxi hda.
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R4t nhiéu cac thi TN vui khac c6 thé su dung trong day hoc hda hoc. GV co thé tham khao
cac TN hoa hoc vui dugc nhiéu trang web gidi thi€u, va chi can biét ban chét cua cac quaé trinh,
xac dinh bai hoc phu hop co thé st dung dugc va hoan toan cé thé linh hoat, sang tao thanh cac
tiét muc biéu din, cau truyén tha vi trong cac gid hoc hay céac tro choi, cudc thi. Dudi day 1a
mét s vi du v6i 1 s6 chi dé trong mach ndi dung Co s& Hoa hoc chung, Churong trinh Hoa hoc 2018.

+ V6i chii d@& phan tmg oxi hoa - khir ¢6 thé thyuc hién rat nhidu cac TN vui la cac phan tng
oxi hoa khtr véi céc hién tugng ddi mau, tao khoi, tao bot (khi sinh ra chét khi),... khac nhau. Vi
du KMnOyq c6 tinh oxi héa manh va cac san phélrn khtr véi sb oxi hoa khac nhau c6 mau khac
nhau nén c6 thé thuc hién TN vui 13 keo than ki lam dung dich d6i dan sang cac mau khac nhau
do phan tng oxi hoa khir voi duong glucose trong keo trong moi trudng kiém. Hay c6 thé thuc
hién TN cua KMnOs véi H20; tuy theo nong d6 va cach tién hanh c6 thé thanh kiéu TN kem
danh ring voi hodc tao cot khoi,...; TN cai chai mau xanh (the blue bottle - dung dich gém
glucose, NaOH, methylen xanh cho vao 1 cai chai/binh, ddy nap, khi lic dung dich c6 mau
xanh, dé yén dung dich khong mau); TN dén giao thong (the traffic light - dung dich gém indigo
carmine, glucose, NaOH, khi lic 1én va dé yén ciing xay ra cac qua trinh oxi hoa, khir 1am dung
dich chuyén mau theo 3 mau xanh 14, do, vang),...

+ V6i chi dé ning lwong hoa hoc c6 thé thuc hién cac TN vui ¢ ban chit 1a phan ng
thu/téa nhiét. Vi du TN vui dung cdc ndng miéng gd bang phan tng ctia Ba(OH).. 8H:0 voi
NH,4Cl (dang ran), phan g xay ra thu nhiét lam nhiét d¢ giam manh, tao bang gitr day cde va
dé nén nang dwoc dé 1én,... Cac phan mg toa nhiét thi c6 thé sir dung nhiéu phan tmg khac
nhau TN kem danh rang voi, TN tao nui lira (co thé thyuc hién nhiéu phan Gng khac nhau nhu
baking soda véi giam an, thudc tim véi glycerol, nhiét phan (NH4),Cr20y,...), TN dbt chay
thuyén chién (Na voi nudce), ...

+ Vi chu dé can bﬁng ho4 hoc c6 thé thuc hién nhiéu TN vui lién quan dén céc chat chi thi
acid, base, phan tng trao di,... C6 thé lam TN vui pha coctail bang cach tron cac dung dich véi
nhau nhu nuée bép cai tim voi cac dung dich 6 méi truong pH khac nhau, hodc chon cac dung
dich acid, mubi, base phu hop dé tao mau khac nhau. Vi du, rét dung dich khong mau NH3 vao
cac cdc 1an luot chira dung dich khong mau Pb(NOs),, phenolphtalein, 1 chut dung dich CuSOs
dé tao két taa, d6i mau héng, xanh; sau d6 d6 cac dung dich méi tao ra vao cbc HNO3, hoac co
thé cho 1 vai giot cac loai chat chi thi khong mau vao coc sau d6 rét dung dich base vao thi
duoc cac cde mau khac nhau, do cac cde mau vao 1 cdc chira acid thi cac dung dich ddi mau.

Va vé6i vang mot TN vui tiy theo yéu t6 khai thac hodc bién d6i linh hoat cach thuc hién
ma c6 thé van dung & cac bai khac nhau. V& cach tién hanh cac TN vui GV ciing c6 thé sang tao
cach thirc méi cho hap dan. Vi du voi ban chat ciia thi nghiém kem dénh ring voi & trén c6 thé
thyc hién trong 1 qua bi ngd, bang cach khoét rong rudt dé cho hoa chét vao va khoét cac 16 nho
xung quanh dé phﬁn bot tran ra giéng nhu con bach tudc hodc 1am qua bi ludi dai,... Sy thay
ddi sang tao do cling tao nén sy thu vi, hép dan véi HS.

3. Két luin

Thi nghiém la phuong tién tryc quan dac trung trong day hoc hoa hoc ¢ truong pho thong.
Viée sur dung thi nghiém khong nhiing tao ra sy hap dan, tha vi cho HS, giap HS hiéu 13 va nhd
kién thuc ot hon, ma théng qua cach sit dung TN con phét trién ning luc cho HS, HS hinh
thanh phuong phap tuy duy, hoc tdp va nghién ctru hoa hoc.

Bai béo da thyc hién khao sat bang phiéu diéu tra véi 150 gido vién day mon Hoa hoc ctia
112 truong THPT thude 19 tinh mién Bic, két qua cho théy thuc té GV con han ché st dung TN
dic biét 1a sir dung TN thuc. Nguyén nhan cia thyc trang ndy cha yéu 1a do con thiéu dung cu,
hoa chat va GV thiéu thoi gian dé chuén bj dung cu, hoa chat thyc hién TN. Véi cac nguyén
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nhan nhu vy, bai bao da dé xuit mot sb bién phap co thé gbp phan ting cudng viée sir dung va
sir dung hiéu qua TN thuyc trong day hoc héa hoc d6 1a: Thiét ké cac bg kit thi nghiém nho gon
theo bai hay nhom bai de thuén loi trong viéc chuin bi, di chuyen 1én 16p hoc, don rira sau TN;
Str dung cac TN ¢6 ngudn nguyén licu trong cude song va Str dung TN héa hoc vui. Két qua
diéu tra thuc trang cling nhu cac dé xuat trong bai bao 1a nhitng goi y dé trién khai cac dé tai
khoa hoc nghién ctru thyre hién cac bién phap tang cuong st dung TN va st dung TN mot cach
hiéu qua trong day hoc hoa hoc & truong phd thong.

Léi cim on. Cong trinh duogc tai tro boi Truong Pai hoc Su pham Ha Noi thong qua dé tai ma
s6 SPHN19-09.
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ABSTRACT

Using chemical experiment in teaching at High schools: Situation and solutions applied
for General and Non-Metallic Chemistry parts

Pham Thi Binh, Nguyen Bich Ngan and VVu Thi Tinh
Faculty of Chemistry, Hanoi National University of Education

This study investigates the situation of applying the experiment-based teaching in General
Chemistry and Non-Metallic Chemistry at High schools. The frequency, experimental types
(hand-on; modeling; etc.), learning methods (project-based; inquiry-based learning; etc.), and
the difficulties and obstacles when they use hand-on experiments were taken into account. The
results of a survey with 150 chemistry teachers in 112 high schools in 19 Northern provinces
show the facts that the hands-on experiments in teaching chemistry were rarely used and some
main reasons were indicated. Based on analyzing the survey results as well as surveyors’
proposals and desires, the solutions based on using experiment kits, fun experiments,
experiments using household ingredients were introduced to increase the level and effectiveness
of using hand-on experiments.

Keywords: chemistry experiments, hand-on experiments, experiment Kits, fun experiments,
experiments using household ingredients.
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