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Design of a Separation Experiment for Three Components of Benzoic
Acid, Ethyl P-Aminobenzoate and Acetanilide

Yingping Zou, Yu Qiu, Hua Yang, Peixi Jiang, Guohui Chen, Jun Yuan, Yunbin Hu, Lihui Jiang *,
Yiming Luo
College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China.

Abstract: The “Separation of three organic component mixtures” experiment is arranged by the organic chemistry
teaching group of the College of Chemistry and Chemical Engineering of Central South University. The aim is to
develop college students’ skills of separation and purification by testing their understanding of and ability to use the
principles of extraction, distillation and recrystallization. This experiment is designed for fifth and eighth-year students
pursuing studies in clinical medicine, pharmaceutical sciences, biological sciences and applied chemistry. One
experimental component, p-toluidine, poses a risk to students, teachers, and laboratory staff due to its toxicity, and
wastewater generated does considerable harm to the environment. Furthermore, p-toluidine requires the preparation
of ice to facilitate its low melting point, which is not conducive to energy-saving goals. Hence, this paper presents a
modified experiment where p-toluidine is replaced by ethyl p-aminobenzoate, a greener, non-toxic alternative which
has a higher melting point. After conducting two test acid/alkali separations in the laboratory, Organic Chemistry
Experiment B was launched and received positive feedback.
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NA BT AERF M ERGHIIR G 0 BRI TEMEEE, PEESWYE. it HEaILIR
R BIRAREDE, PR RAA T AGANRIEAIT i TRE PR L. B
fi =M NI 2R LB o B R A sE et ST SR IdRe l, “IRATBEZAUKTE L, 1B
TRl TEEOKF L, AESHRL, WHSKEF LR, 7 257, SO RATR
R XA SRR I T R AR, o HOR I (4- R BRI R R ROR, LR B AR &
N, R DUE BRI B S e, PR I RIS She® L RRIRAAE, R IRAL
AE, FERELBLMIR . JRP . KEAPRRAT . ULAIHRED 21, 220 0 H o R e an (s B i 222 . A LG
SIS IR URBOM < A7 AL 27 S 6 = P ) 5 VR 1Y 280 B AT Fl 1 AR 5 R e, R s P e 3R R 1)
X R IR R QBRI s A BUMHERA ROy B R R

Xt H R IE RN44 °C, AR RAR KA T BOR IR X 2R . LB NG =410 0 B S i
I, 0 PR A ZAE DK K M TR ED A BEAIT H 5 T BRI SRR IR [RI N 22 /D P3N BE, 3 B S & UK A il Uk
HEARRIR, A TH 5. S0 s BUNH RIR KM . MEERFR BB S : RKIERE, 4-2HEKH
PR T8 5089-90 °C, AT LAE S 5 I IR g 0 FF SR Jl 48 il ARG 17 32 S50 AT ) PRT S A i) L, S 6 0
AT EFRMIK, AMEFLRZ RS, hER T RREHTN TEE. 5—-Jrm, FrRA L
T A HURE AR SR B 2T, & SCnf OB . SRR TR QBRI 6 %55, Kt
X R PR QBB AN RN, S AEAEEAT =1 7 I SRIe I, RESZ R e AR X AN Ak . k2
7r 7 H O BN Z R IK R BRI R RS, A AT A AR ML A SIS K 2 ST AR R I, N
BN, DA LA 2SI BOE RIE BHIE R R GUE, RS DA 52 ST ROR

ASSCERVY 1A AT 2R R R £ W AR R R 3t AT = 2 S, AEQRIESEIR S5 RATIR T, H%
ZHPIRENETHI25 mLARR CEE & =M FE 1.0 g N %08 g, KRG E, MBS EIf
fRo RATIESEI S R 2 A T Y INBR 55 B ) P A 0 75 58, 58 1 M SRR R N R,
T 720 IS IR B S N SE R RE AR 1 R R K S AL S AL A B A HLAL S S B B e 3k AT
THIDHE, BUAS T ARG BB, A DL o8 Bk v] DL IR Bt s 4

1 SERRAFIEE
1.1 JFBALRF]

R R R R R e KA R A BR A R, a3 bral) . JoKm i s (B 25 4 AL 2=l
AT, bral), LBk, SEMIGURHH R, Rgal), FKHER. ik ERER LB 7E ik
A7, ey, LR OERGHEE KL FRFIE R AT, oard), ARE D (2 5 2= w51 A A,
g ah).

1.2 SRR

Hi - R B FEF) £ XS204 K °F, 4% [H Heidolph MR Hei-Tec %! fin #4477 4 #F 2%, 4% [ Bruker

AVANCE NEOM M HEPRAX (400 M), B &L SEIR AN #% ) DGF302Y B #0E T4 o

2 SRR
KRR SRR RS LR =R 28 2R R oy B k. W 25 mLs
B a4 DL E SRR 0.8 g, S ANALNER R BIIER L.

Rl =ZA5dFImETEL

wEY TR ¥ s5./°C W siseC A B TR

B HR LB 165.19 89 311 1.17 MEFK, HETE. BE. &7
W R 122.12 122.1 249 1.2659 WETK, BET 8. Lt
LT R 135.17 1143 304 1.2190 BEFHOK, HBT OB LW

2R .1 88.11 -83 77 0.902 7k H18.3 g/100 mL (20 °C)
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21 BAYEBREAR

(1) B25 mLFE SR AT et dr, /b N 10% HC1 (~5 mL), HpHZI N1-2, =iF T &
PEHES minf5 N SF, R, RAEE, HESZE, oW NHOBHIKE. AYUEF 10 mL
KERL, HIHFKE. KEHFMA10% NaOHKER, Hidl:, WMTpHLIN13-14, HRKARDAHE,
HEGEENT L, AHEANEEEFR N, T70 cCHRMEET, FRE, HHERE,

2) BAEHEMN LB T, 234N 10% NaOH (~5 mL), T pHZI 12, ¥ N5k,
WA, o RE, BEYE, 2. AIVEBEHI0mLAKRER, &IKE@ERT—S8#E). G
FATCKBRER BT, KIBZRM (TR, M aEEE), BREAIERI(ERER R, LA
KA ELE G, THERECE,

(3) M E2BIKIBEHMAL0% HCL, H HE AT, o, HpHL A2-3. WA
Ja, AIIERRER. F70 cCHAMT, RE, HERCR, e iR sem g EmAEn TR,
22 WHBEBREAR

(1) B25 mLAE B A VBT Bemrt, i AN 10% NaOH (~5 mL)/KVEW, HTipHZ N12-13,
BN, R, RRE, BESE, 2. BIUZEH10mLKER, &HKE. KZEFH
AN10% HCI, #idt, HTpHZI R2-3, AHJE, HIESARIR. 70 °CHT, FRE, HHEBEZE.

Q) BHEIZEMNLEORABIBM S, 2HLIMA10% HCL (~5mL), ##, HpHL N1-2, FHEF
EEREFES minfE N SE, TR, RARE, BESE, oW AVUEFH10 mLKER, &3
KZERE T 8. AVEH KBRS T R, KBEWTERAREE, mkaEER), BREa
WLE R (B JE 15 LB % . CLKCRIE R 45 5, TR IR,

(3) ) LER/KAFINAN10% NaOH, Fesrficdt, T pHZI N13-14, HRKFESAEHE, HAEE
s AT, AR EE R FIRAE . T70 cCHEAHE T, ARE, THERUCK. SLIRRE BTN .
23 LRHREE

@%i"é‘f?ﬁﬂ
MgSOys .y o LR
22 A K A
HHLZ E P { NHCOCH;
10mLH,0 A
L ol
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B .
UL iararres ARIR] o 10%HCH sy e 708
g - —— N b >
10mLH,0 ~12.0 fipH=2.0~3.04 T
TR Kz
25mLIEE 10%HCI Wt vhik COOEt
AWIHIRpH=1.0~2.0 K2 S
L =, . “ \me s 10%NaOH % 70°C
WA e DU PR 1OUNAOHEL 4 g — i - >
min KE ipH=13.0~14.0 HF
- NH,
E1 iR s iR R
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MgSO, i
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g A
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R 16 1
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25mLiE -
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2.4 SZIGEER
VT4 SO HE T 2 R A AL T2 Bk T2001 M AT 554, SLIe &9 5 AT 50S [F 523%
FRAY B, S G dnT NABECS [F ik AR o B 7 kAT 928, T e = A RICR A E K2,

#2 LT2001E=Ho0ELBRER

R B S Ba
S SRR
i REIE R TR wRR O CEEE | WELKFMZE KPR ZWEK
g ElE  EE e FlfcE  EIE
1 70.0% 66.0% 71.6% 2 43.0% 62.0% 59.7%
3 54.0% 58.0% 76.3% 4 60.0% 83.8% 53.3%
5 61.3% 58.8% 70.0% 6 44.5% 52.5% 33.1%
7 82.0% 78.0% 76.0% 8 - 68.8% 81.3%
9 48.8% 52.5% 74.5% 10 46.3% 56.3% 52.5%
11 51.3% 65.0% 58.5% 12 75.0% 84.0% 77.1%
13 46.0% 78.5% 39.0% 14 65.0% 77.0% 68.0%
15 52.0% 56.0% 41.3% 16 53.7% 69.8% 56.8%
17 60.4% 54.1% 63.8% 18 62.5% 60.0% 26.3%
19 57.5% 88.3% 64.9% 20 58.8% 61.3% 51.3%
21 36.3% 63.8% 39.1% 22 61.3% 58.8% 50.0%
23 31.0% 41.0% - 24 47.5% 68.8% 82.8%
25 - 46.3% 45.6%

3 ZR5TR
3.1 pHit#&

HKHERpK, = 4.1, JH10%Eh B2 4% ¥ WpH ~ 2.00F, FHRRITE S, BAFHEEIT S5 X
BRI AR SRR R, W R B IR TR LB AR IR B M pK. = 2.5, FE T ILHURR BN G, HEH IR R W
pKo = 11.5, A SRS HpKo it 5 1 02036 2K H R 26 fe FE T 7 Wi pH :

Ky, = ([p-EtOOCPhNH;] x [OH ])/[p-EtOOCPhNH,]
[OH ] = Ky x [p-EtOOCPhNH,]/[p-EtOOCPhNH3]
pH = pKy — lg([p-EtOOCPhNH3 J/[p-EtOOCPhNH,])

4 [p-EtOOCPhNH3]/[p-EtOOCPhNH,] = 0.0 1J7LIE 56 4, WIpH > pKy + 2, 111 % %0 I 2K H R 2L g (14
pKy=11.5, FrlApH = 13.50F, X IEHKHF IR LERIIHE T

AR R IR OB A EeRE, Bt b, SRERAFEIE NE IR A 5 oK g, PRk e el
VLRI R AN VAT DTTVE X R I K R W8, AR MBI BR RN IE M pHZ1 12.5, IEAF13.5, & EH110%
AN . TUSEIG R, BRI T o FH A R B T2 B 0 1 0% S0 S8 AL B A YOS U B 2K H R SR 1L
WERCR . SRR, ARMAMBRIRE, WRpHA R MIER13, FEC R R TR OB HWCRLE30%
et T H10%E SN, EIWEREATIET70%. A T AW 28 R S B e Se g i B 2 K Ag, &
SV ] A 5 38 P B S 3R AT T B SE IR (TLC), (il AR R B, (Bl UAC 3 ) ) o R 3 25 FH R 2B R
af, BAKME.

3.2 XNEEXFR LR 2 R LA ]

AT AT S8 R, S IR BRSE IN BRI P AN 70 B U7 8, 0P 2% F R TR e W 38 FE AR #E30%-40%

X AT HEmEEER, TEMN10%2h R IHpHES, FRATAE SRS 5 2 SR B, R AT Rl i1k
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NERERER A, ARMUSCREL L, ISR IR B St m . FAEE B ITR, HEEDXH KL
pKo=38.9, X IEIRF IR LBEHIpKy = 11.5, RPN B8 H IR L BR BB Lo R IZ 55 TR 2, iX
SR8, BRONEREE R T8, FRAC 7 OR IR B, i R SR G e, B R T R R R
PE o PRI /NI b o 26 2 R 2 V4 W pHIRS , S BETE VA MR pH A 2. OB (LW Y2 7k pHAR AR A8 210 3t 7 R gE AT 43
W, BAREAEAT NN TN KZ95.0 mL 10% 25 B R #pH,  FEIAS.0 mL/K 5 (/K B9 H 12 R hT ge
WA AT ) FAENEM ISR, 2D # ) ke 8 b 2R S S min, XJ 25K
IR C T8 5 Eh R 78 0 IOSLJV JEh J5 4 vl 4 N4 W S a3EAT 20, TR 10.0 mL/K AT —IRZEH, & 9F
KE

EAUNE, KRR, pKa=4.1, BRYEILESIR . REE A E M, SEANMRBIR, F
FEINER BN AN S2 80 77 2, R R AR TR PR e il by, FERHES mine 7340, HE
SRR, IR pHAE N b SE i, 7R ZEBUAE 70 W0 =F h S8 i, BIRIPKE . AHLZ AR
H, WA ER.
3.3 ZBWERSHTITR

IIMTR2MSEIR G5, RERo [F 248 AR B = AN 5, W I 2K R £ [ AL 2 FE AR 7E 40%—
70%2 (8], AE SRR AN S B 1 1% Ol T & — L [F] 22 0 2 2 2K R S8 [ 003 96.5%8190.5%, B
Rl AR RR B, XA R ERE T . 50 IR A R A B, XT
G IR R QTR ) [ENSCR FE A Frdd iy, Rl 2 DR D HL A U, P AR A e S A FH oK v S D
A G BN S IO TR CERHT o T2 AT B0 B 2R ks IS, 2 R AR IR R AN SRR, R
B, AR, BRI LA PER [F] 7 A I se e, OKBRER T8, A 1 [F Aok SRRl 1,
W BEAF B0 2K i, R RE P 25 4R A UK e B 2 0N BV A R A [ A b H B33 AN AT HE D R 2
i — RPN K G i

IR R (1) [0S 26 R AR FE 50%—80% 2 18], BRI ANH 73 2 S 5 7 1 B0, WM SR 77 RAT Re 15 3
IRUFR)SEER A5 o X F BRI R IR R VEACoR, 5 omm e i S A A S B bR, it ARRAE S8 — 28
BRI e 4 N R RN B, AT ZE N SR BRI AR S bt o X T R 205 SBE R e, B T /K B 7518
PAREMRZARR R Cle, IRZA500 N R e 208 (AE R, BUE R et a4, DRI AR S 6 A 75 SR SR L
HAEGMLI TR LKIBMAERERA LR OB E (R AUS W REZARR R OB, B2 FBUS2:
LR NGV T O OB TCIENT ), B K 1 #OK I 30.0 mL 2 [7)JE e i AT H LS &, o~
TR, ANFEINE R B, TN e AOK B, A AT ORI 4) [F AR BR
B, o EHASRE A A, WA ES I EROKER G, BA BT, XN R R
PRI TR QIR K2, T30 SR Vs fe T A6 WL 7RI T TGV H
3.4 EEFRHFEH NMRERAE

T H NMREAE C &AL H NAR 2 Bk D A2, SR AR G EARAX (400 M)XS =N 73 3R 47
T'H NMREAE, KHER. LBEREKTH NMRZ W22 SCERM . 0 2028 28 H IR 2 6 1 00 i@ A o
F: '"HNMR (400 MHz, CDCl3) 6 7.86 (d, J = 8.7 Hz, 2H), 6.64 (d, J = 8.7 Hz, 2H), 4.32 (q, J= 7.1 Hz,
2H), 4.05 (s, 2H), 1.36 (t, J= 7.1 Hz, 3H). £ 7.86M16.644, EKIF FHIPALR 715 50&, 1E4.324b
(1) VU B U 2 2, B H R M5 5 06, 4.06 8 W NHL ¥ 5 MR USCUG o 13 0 6 28 225 2% P R LT 1 TH NMIR i

O

4 Z5iE

H WAL 2520 R A WAL EeF M E IR, AT R S EE N SL I 2 s Y, SEIlA HLSEIR I
G RS SN EE, MENREIL Y RBMEY, EASNEEEP HRERNSR, 4
USROG “ G taih” 5 A Bt fEp B N E B S, KBGO, B, WiE TN
VB P 5 LIS AR 0T H R i — B LSRR 2 B E A WAL 2 s i e rh B R . 9 T AL = 243 %>
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