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Application of the BOPPPS Effective Teaching Model in Bilingual
Physical Chemistry Instruction: A Case on Colligative Properties of
Dilute Solutions
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Abstract: On the basis of BOPPPS teaching mode, “colligative properties of dilute solutions” of Physical Chemistry
course was designed and implemented in teaching practice, which could effectively enhances student engagement
and learning motivation through the strategic integration of six core modules and the comprehensive application of
participatory learning methodologies. In addition, the Rain Classroom technology was combined in the BOPPPS mode
to facilitate the real-time interactive learning experiences. Furthermore, the course seamlessly integrates ideological
and political education elements through subtle and natural pedagogical approaches. This case study provides a
practical reference for effective instructional design in Physical Chemistry teaching.
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SRR BYE R RS A, R T SRR AR T R S T o) A A v B e R U YL
T R Z0 STEM (}22(Science). AR (Technology). T F%(Engineering)Fl1%§ 2% (Mathematics)#{ & )#(
AN T GNSS (&3 S0 T2 240N 2 R 2L 5 M H IR, B2k BB EHEess “ .
FEL B WA HERAH RN G, $AEE T BRI R B LB STEMZ 5 (S B A&, 7835 T B &L
Hil, BHESEA TIRAEMA R, #EERCR R ER h E AR O H U 2 (PBL) B U 2
A SERG RAR S NI, BALG SRR, MR ER WS AR T, R
AR D) LR SR, PR TS AR BRI RE R RE 1, A R m U =D, BOPPPSH A -
Bk 3 43 AR S N (Bridge-in). %= 2] H #7(Objective). Hij il (Pre-assessment). 2 5 3\ 2% >] (Participatory
Learning). J&illl(Post-assessment). 45 (Summary) /N KA B, (R 5 #2002 HEE N &, B2, H
AL SR A SR, oAV 2 BUNOCH & HFEZM PR TG EEE B B, IR E & —3K
I JUVER BN 2 R B TR, KR AR, ReRohes, mef i 45 #0mE
(V6 1B BE A2, SEEL S 2 ) S 20 e o). IR A 1] DL E SR T A 2O @ ABOPPPSI RT M. 5K
220 JEMERAT, WO RIINHTA 2 1 TR 1 SEFR 700,

VIR 2 URAR R TR SR AL A8 A i B Il MR S AU PR AR, 2k B(A LB ZE ) B (Rl
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ARG R AL R MR R, T B AT DAY ZR2E AR (2 4 AR RS T . LR AN 4y BT .55 1 g 0 DA B 3R
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R YRR, (HAE ) H EVEAR, IEA Mo A AR R, R BN B YR
e AR, HAECLYI TARWRIY AN B, i T MSEv MR,
AN LA AR . IR, HATIRIM A BRI KRB A XIS, Mg
ST LURCA AR HAN R . DIURAEAT BR P, Bl b Bee i, AROnH LA BN A, ik
W) EE NG, JUNEE,

2 HERIT5LHE

¥BOPPPSZU 6N BUF B (T 5V =) Bbs. Al 2 5% 20, Bl S45)6 DLt
T FRAL S VAT AR B (colligative properties of dilute solutions)” [KZUFBH, fBg 2 )5 &
B R R
21 HH—: FIBAEFBIR, FAREEE

BT 56 28451 AR 0 vh A R R I R (B IR SRR 51 2 AR R R, g it R = R PR B8 R B 2R )
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SRR R BEAE — AT AN R 81 T K I HE,  BRER 3t g AL RN IS~ 47 o B (U A T % )
N)o BURLESF Byt U EAR SRR I, AT 2 T I AR LS PR HE 2 5] o B K 22 4 1), 488 il ¥ 7K iR
W TTIEA WRLE ? AR 22 A2 i 1B , B R RKOR AL K LR AR G007 iR (N 2R AR5 . W RI5R4E),
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Rl HEBIHER
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® ng 10 Jall + gk R

SR AR IR G, FUTEE— PN AR A AR EBE S, BRI “the properties of dilute
solutions depend only on the number of solute particles present, not their identity 11” , FJF 5 4 7 #1ik:
AN R B R — o FAR, FRRERX S E R H IR R A TG OG, REGR TR SV R H ,
(7 I 58 LB 2 T SRR FH A 52 B O VR e A W T TR AR BV, SR 2 AR DA [ 5

N T ARSI A S X UR BRI WSS R, kAR B S, T ARATR Gk
H &85 2RO, ZUMIEATT R AR B AR

(D Understand the nature of colligative properties of dilute solutions;

@ Analyze the colligative properties of dilute solutions thermodynamically;

® Solve problems by using colligative properties of dilute solutions.

7 A 2250 7T 22 ] i A 9 DR AR 2B R e 0 H A (B 97 2 AR B MV MR AR B ™ 0 W A SR A 2 T
RRIRE T, S I AR B S R S A Ty ik, 55972 AR R R 4R (1 e ) DL RGREBUGHT JR. B
SN R S B i) ) B 0 ) RN 3R IR H RS (35 77 2 AR R T AR MEAD I 20 A 1) R, AR ke ) R )k 2 = 458 DA
FOTESR SR AR, SRR R R SRR FHUR A IEE R EIER),
FEMA BTG S A A TE R B .
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FOM A A58 — TR B AR5 R 8 R ¥ MR ) 25U T [ (lowering of vapor pressure), Ff41 F 4
BRG] A S TR BI45 18 . AU EAIATT, B0 Seil i WUR B BEAT AT, (8B 5 R E A
X s B PR “ What is the mathematic expression of Raoult’s law?” 5 Bl [5] 22411 [B112. 47
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AR RS R E R AN SRS O R4, T TR AT R . 20 B 2R E A
Ko I B D SRR R N REAR, IR AERER, &S AR T B YA 7
YA ZE S (pp) 5 AR ANV 5T FE R 73 B (g ) I TR Ap = paxg. PR A2 70 M v 28 U A e 32 M
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Ko
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a dilute solution increase or decrease? ” FJ F By #R 5 S G 11 A2 1 /0 b 45 B (3R 2), Hdl R4 K2 4
M2 VORI ST m, K 2 B AR AR VA R SRR S 2 B R R . 2 G HUHiE—
P A TR R, B 5] i S T S ) BR S 4 S “ the mathematic proof of the elevation of boiling point” .
T 56 4 R VA TOUCE D IS P UL B A, 2 4 T R R R A VO R P2 I R v R A
Wik s, BB HE S M KT R EAT T AR, IR RO “REUE” IS, X HLIZ 4R ™
A RXHE SRR T MRS R R . BRSSP ERR S, SR Eryia st
OB, B AR E SRR SS E, BUTR B S S EUA A F I U, R R U
NI PR, DL AR RS S . RIS, AR I R IR ATIR s IR A RN
R, FARE R SLPR, IRk AT IR G BB R, TS AE84 kPa R T iR K I s 1 °CR E N £ /b
#h:  “Please search related data and calculate how much salt would be needed to raise the boiling point of
water by 1 °C at 84 kPa.”
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B N BEREATH A IS S5AT, 3 F AR 0L, Rk, 2800 56 28 B 1 9 7 6 [ B
(R ELARABE Y, 45 H I U T 70 AR ] 4 A TR AL 27 A AH S5 (B R FIAT HE R i BRI A R 2 Ab), 2 5 ik A
CHEAE R B AT HE SR A TR SN BRAEATH T E A 30 “Can we get a similar equation of AT like
AT,?” ZRIIECER Y R e A RIS, FACHERGE S Z WK, HEEIFE TR, ik
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SRR T IERISE RGER2), AN E A BETE R E I (B N SE e JE FUTE 2 AR 40 BT R S R 1 e
JRER, BN URFEFGART P2 H I R, SRR R B R R R AT A ? BT RS T,
E— 20 IR AAT T AR B AR I R 1
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o i VA B BDWA Y A I W — KB . 3 IE I 4 (the phenomenon of osmosis). &
TN B ARBENR, Mt LB BEE, WAERNEE P, fd B @A B E A,
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EHAT AR IR . 2 J5 vt T /NIRRT s kS AT M =F 7k GE R Wik R
BIEE) T HT R IR E MK R R ET molik K VHAEMIRE R “How much energy is required to get 1
mole H2O from sea water?” $2 L2522 A= (1) B filt S 40 AL 46 4l /K S i /K 7E298 KB B A Z8 <R, 7K Ir)1E
JEBE IR Com~ PEIRZER K DvapHim~ PEIRIGAIE Aqus Hy (Bl 1a). EH A ZF A, NS
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BRIR A AU B SRR S AR, IE REOR 2= AR I R B R4, (R80T 75 v R (R R0 S 25 14
P o AUR/INELTT VB TR R A 5 3 R R A R A A w2 ST I B AR ) S AR e R R A ) R
A PRV, TN T8 =R RIS AV, A TR R AT IR ST N AT O, SEEL T IR R .
INHBHE I T R R E A KR B W IR E, A A A A R T W EA A,
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] g i O L KOS (0T B R AR E KR R AN 5, BT RZ A S R A4, El1b). &n
G513 AEZ S5 RBEMRBESRN AN L] i A “eEmng” aig K4 L+
MR AL, STt Tr BB (B 1) M RBEMRR IR, B 2 m MBS B AR BB R
Jr TR WSO, sA 3 L ¢ RAEARAT 7 RSN R SR A (B 1d)

E)) @ Application of Reversed Osmosis ((2)]

How much energy is required to get 1 mole H,0 from NS LT 7o —

sea water? 1 —
Distillation?

Lummumll

* Vapor pressure:

Sea water 0306 kpa (298k) * Freezing?

+ Vapor pressure: 0.317 kPa -
(298K) Reversed
Water* Com = 75.40] - mol* - K-} o
* DyapHy = 40.67 kj - mol ™! 0SMosis?

(373K)

* ApusHm = 6.01k] - mol™*
(273K)

Bl REFRT LR E s

2.6 HFA: AHLEL, HEFR

dJE il MR R B USRS R T A A AT RN R R EAR R E2) . RS54
H, REZAMGH T EEEMRNE®R, HAFEYIEH —E R REEGER2), UHEEIERRL . 5
5, BOMELR A BB R BCE AR, FERR SRS, 2ol —okmhax BHm n kiR Mg 2 K,
XA THEFRAERPEE R, bR “Ha” R e BT R R A URIN 1) AN
IR AR, TERBEEIRT, IR BB “Indaily life and scientific research, what phenomena can be

BR  BZOEIR

Fhe colligative properties of dilute solutions include vapor pressure lowering,
elevation of boiling point, depression of freezing point and osmosis. Which of
following descriptions about colligative properties is correct?

Only the dilute solution with non-volatile solute would have the
colligative properties.

All the colligative properties are proportional to the concentration of
the solute in the dilute solution.

All the colligative properties are not related to the properties of the
solvent.

All the colligative properties are related to the properties of the solute.

o \) le
B2 FERE WG
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explained by colligative properties of dilute solutions?” FA7 B AEM, PAIRLFE KR A, 224 58 oy
FEAAENL SR B URE . Bm, FUMHR R T AR BARVE AL 2 B R VA R B R ) L, 51 R S
X BT VR ) 27 51 %

3 4iE

RS BOPPPSH A KA B F T “ v AR BUE 7 33 43 A 2 PRI 02 9 G
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DL — 7l B 8 S B 1 T 2 B A R A% 0 2 50 E A
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GBI SRRV, B R IR B R R AR R R R 2 4 T S T
il P9 25 DA% 2 B 5 052 (0 T K R A R SR, R S5 2 ST 0, IR S v L, 5] S
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I VR S5 A AR . SR R AR, AT R R 1 S A

BG VUGS G IR, UK RIZRE T RS M (0 AR A A G R R, IR Al 5 iR i
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FEZZE AT, 55 3 ST VR BE R AL 37 T 2224 T 4 3R AL 22 (R 00 55 RO VR W82 L 43
BT A 25 I R i 77 LA B PR 27 SR AR ke S o i B B 7, A8 B T2 2 2 o W BRA L 27 (R R 2 S 4
VE, BEFRSEALMEI AR J) . ZO I AR R F R A R B e TR SEI S S S O R s, R
TERGE AR b N7 7 MRl AR BB, Y BOPPPS 2L 2 5 2 75 M A, 5 2 2 b (3 — B 4
RLFAHE S22 . GG, 24 2% 3 Xt BOPPPS #2 b 3 e e 10 422 52 15 (96%) R\ T
(100%), ARFEIRH R HE B 324 “ ok 7 RN 3], BRURE % I8 % 3 5R%(H
MRS M. BTESARSRIRE AN LR, MG EZ ek, BT
REMAIIRERE S, WERSASERARERAFREE KB, s 5E%, Wik
B R N ET S, AT IXRE BT 2 S U . 2% 7, HE H B\ C R I BOPPPS ¥ 2 48 = vt ) 7
A2 R34 B AT T A AE M, AR T “ 3R 1R — 3T I — ] it ik i v — R 4 )5
M—B 857 R EEEE R, AR T3 S A iR 22 ST R R 5 5 1, R T 80T & % B
fy R R, AR TR BOR

#2, BOPPPS# - Hi 2 O e ThHb 87 I T- W0 3 A0 22 11 0 S 8, B 20l I 2 A b “ ik s 45 7
HL TG b 46 o 22 5 2 ST R BE L P, VAR SR E SRR h i SRR, T R 0% T B R0
B, BRGS0, ARG E R BTE ), HIESEH BB HeE.
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