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Abstract ; In order to reveal the decarboxylation transformation mechanism of cannabidiolic acid (CBDA) in Cannabis sativa
L. ,the basic thermodynamic parameters in the transformation process were obtained by the group contribution method and
Watson formula. Then, the reaction Gibbs free energy,reaction equilibrium constant and equilibrium conversion rate were cal-
culated according to the classical thermodynamic formula from 40 “C to 140 °C. The effects of temperature and water content
in C. sativa flowers and leaves on the decarboxylation of CBDA were analyzed by thermal decarboxylation conversion experi-
ment. The thermal decarboxylation conversion mechanism function model and conversion activation energy of CBDA were de-

termined according to the conversion rate of CBD. The results showed that the thermal decarboxylation of CBDA could occur
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spontaneously from 40 °C to 140 °C ,and the spontaneous trend increased with the increase of temperature. In the process of

thermal decarboxylation, the increase of CBD conversion rate was positively correlated with temperature and water content of

flowers and leaves. By fitting with the kinetic function model ,the most probable model of CBDA decarboxylation conversion in

C. sativa flowers and leaves conforms to the F; model. The activation energy of the reaction conversion calculated is 83.77 kJ/mol

by this model. In summary,CBDA in C. sativa can be automatically decarboxylated to CBD from 40 °C to 140 °C. The results provide

theoretical and experimental support for the selection of high content CBD conditions for C. sativa industrial processing.

Key words: Cannabis sativa L. ;cannabidiolic acid ;cannabidiol ; thermodynamics ; kinetic modeling ; reaction activation energy

Tl KBk ( Cannabis sativa L. ) XFRBUFR KRR,
25 W S ke, T TR L AR AV P s R, S RRR
#} ( Cannabinaceae ) Kk J& ( Cannabis ) —4EH: BLARAE
Wy R EERLTEY Y . 8 Nk, Tk Kk
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W IS NG B A W A A S A 2
Hh, DI RRR 2R v 24 FH A A 1 06 1 0 Jo O PR — 1y
(cannabidiol ,CBD) ( WL I&] 1) A58 5l 58t HAE M
iR\ PARE T 2R R 0 | A I AR DL e e e R T
J7 WA BRI
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Fig. 1  Structures of two cannabinoids
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KR CBDA [ ¥R 5 77 o pR BT, 3+ 5575 H 5%
TR ALRE , o Tl R ™ A I T4k 45 = 7 & CBD

S PR AL IE STRF NS0
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Fig. 2 Appearance of C. sativa glandular hair

epithelium with cannabinoid
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Fig. 3 Reaction formula of CBDA decarboxylation
to CBD in C. sativa

M T R TR S 0% AR 2 28
R = 308 2 X8 978 P B 73 2 A 26 AT Al 5 ffe o
IR T 2T BL, Benson eI STRRYA N
JEvy AR BRI e ok D7 s s S s
SE HE A S [ of 2 i 408 10 25 AT )2 i, AR 408 i
SV o3 R A, DT af DDA SR S R RS
BRI R R A U FRUEREZRIE . CBDA BEAR%E 1L

A1 CBD Jz hi 3 i Benson i [ B ik 2 XJ 45 2 70 7
298 K it AARIEEE SR A IR (A HS o0 ) FIBRUEEE /R
T (SO 05 ) BEATA B, 25 RE A STRRAE ™ W3R 1.
t1 CO, TSR BE IR A IR (AHE 5 ) FIVETIEE /K
(S 05 ) ZHASCHRIE" , Benson F [ 5 ik ik A 5 2
A

AfHS,zgs = zi:niAng,i(g9298K) (1)
Soas = XS, (,298K) +S7 (2)
S? =RIn(N,) - Rln(N,) (3)

N, Oy 0 B  n DS Rl AR
AHy \So i 2053 BRAR SR L 3 A R B 2R A
s BRUERE KA STRREL; S X PRI N, 731 Hhotar:
SRR N, 1 U RRERG R Dl AR AL

%1 Benson BRI THAXME CBDACBD B A H,, 70 S,  REFRBIE
Table 1  Calculation of A/»HS,iandSS{icontribution values of CBDA and CBD by Benson group contribution method
A n AHE (298 K) (kI/mol) Sin.i(298 K)
Group CBDA CBD (J/(mol - K))

Cy-(C), 2 2 43.29 53.17
(Cy)-(C) (H) 1 1 35.96 33.37

C-(Cy),(C) (H) 1 1 5.19 -
C-(Cy) (C),(H) 1 1 6.20 48.99
C-(C),(H), 4 4 20.72 39.44
C-(Cy) (C) (H), 1 1 -19.93 41.03
C-(Cy) (H); 2 2 42.20 127.32
(Cy)-(H), 1 1 26.21 115. 60
Cy-(0) 2 2 3.77 42.71
Cy-(C) 2 2 23.07 32.20
Cp-(H) 1 2 13.82 48.72
0-(Cy) (H) 2 2 -158.68 121.84
C-(Cy) (C) (H), 1 1 20.35 38.94
C-(C) (H); 1 1 42.20 127.32

C3-(CO) 1 0 46.61 -
0-(CO) (H) 1 0 243.25 102. 66

CO-(0) (Cp) 1 0 -136.07 -
BZ R 1 1 5.86 90.02

T Cy— WU 75 Cp— IR PR I T

Note ; C;—double bonded carbon atom; C;—Carbon atoms in monocyclic aromatic hydrocarbons.

1.3.1.2  BARIR R T 54 B BAR AR LA A 55
1143 CBDA AR R & W e A RIRE <
ABRAEIRE IR AL UK (AH, ) BRUERE IR0 (S7 ), T
W AR 245 o FRAE AR FL A (C9) A
AEFRTS . Benson JE A BT #ik vt W] LAk B8 4% 2 4 3
RUAR LIS A0 HLZ5 6 AR A 0 5k A AR S
PR LE 25 sk A, JE A X R K. MR ZF

Joback F& A BT#k AL B BAR AR LIV B A R AP
K FAERR L, % 352 M E W 715, P 34iR
2 1.41% ", R, A RS R A Joback :iE 47 %t 4%
20 AR SR LIS AR B, & 443 Joback J ] BT
B g 2 i AR T

CY=( YnAa=37.93) + (XnAb +0.210) T+ ( Xn,Ac
—3.91><10‘4)T2+(;niAd+2.%x10‘7)f (4)
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Table 2 Calculation the group contribution value of C::) of each component in the reaction by Joback group contribution method

S n; JEH BTk {H Group contribution value(J/(mol + K))
Group CBDA CBD O, Aa Ab Ac Ad

=C(F R 6 5 - 0.83x10 10.10 x 102 -10.42 x 107 6.78 x10°

= CH( 3 H04m) 2 3 - 0.21 x10 5.74 x 107 0. 164 x10° -1.59 x10°

-CH( 3 1) 2 2 - 2.05 %10 16.20 x102?  16.00 x 107 6.24 x10°

-CH, ( 3R344) 2 2 - 0.60 x 10 8.54 x 107 0.80 x107 -1.08 x10°

-CH, (JEFRIG ) 3 3 - 1.95x10 0.81 x107 15.30 x 10% 9.67x10°%

= C(AERH) 1 1 - 2.81x10 20.80 x102  -30.60 x 10° 14.60 x 108

=CH, (JEFRIS ) 1 1 - 2.36 x10 3.81 x102 17.20 x 107 -10.30 x 10

-CH, (EFRI ) 4 4 - 0.09 x 10 9.50 x 107 5.44 x107% 1.19x10%

-OH (1, S 1) 2 2 - 0.28 x10 11.10 102 -11.60 x 107 4.94 x10*

-COOH (& 4) 1 - - 2.41 x10 4.27 x107 8.04 x 107 6.87 x10°

=C = (JEFpRE) - - 1 2.74 x10 5.57 x107? 10.10 x 103 5.02x10°%

0= (& a) - - 2 0.63 x10 1.96 x 107 1.27 x107 -1.78 x10°
1.3.1.3  BARIRR T AR E T Y zE ks AH, =15.30 + Xn,A, (5)

H T AE T P B AEAR ) v AR B 1-T

PR HIEAAFLE, AL R T CBDA EHI%) AHy = 8, G (6)
PRI IR 25 R LS IR S B AT . 7ETHRR T =T/T. (7)
A ZR T A W) 5T AR AN R BE T R A R R A LS T, =T,/T. (8)

(AHY,) FIBRAEEE SR (SP,) B, 7 613 Joback Fil
Reid F 4] 7 fik 125 X 2% 90 5 76 AH IO 76 W s 1) 28 % K
(AH,) #1718, SR 5 R 3l Watson 242045 th AN W]
MEE T BZE N4 (A H, ) o Joback Fl Reid 4] 57k
fEW2 3, E AT,

T, R BEMEE T AR LU AR, T, O IRk i T
AT HEIELE fEL, Fishtine £ n 1500 HUBh 8 T, 45 5%

n=0.74T

br

0.116(0.57 < T,

br

<0.57);n=0.41(T,, >0.71) ")

3 Joback 70 Reid BEH FTmkiA i E CBDA.CBD #9 A H, EFTmiE
Table 3  Calculation of A H, group contribution value of CBDA and CBD by Joback and Reid group contribution method

<0.71);7=0.30(T,,

el n A, (kJ/mol)
Group CBDA CBD

= C(F ) 6 5 3.059
= CH( HHgh) 2 3 2.544
-CH( 48 1) 2 2 1.942
-CH, (H342) 2 2 2.398
-CH; (ARG &) 3 3 2.373
= C(IERigH) 1 1 2.138
=CH, (FER3g &) 1 1 1.724
-CH, (JERIg &) 4 4 2.226
-OH( My, g i) 2 2 12.499
-COOH (% 1 t) 1 19.537




Vol. 36

BRALIRAG : Tl KRR KRR B R LR e A R 5T 307

TETFEE A, Il s 10 5 e A A 28 vh ) o 14 i
MRIE(T,) SRR (T,) , —FH R Marre-
ro-Morejon £l Pardillo-Fontdevila $i H (1) M-P 3% 3¢ i3
AP, M-P A B30 2l 3 5 | A T334 o B /R ot
O EOR I R M-P kS P TR R

4, 5 AT
»/]WO‘:%G (9)

T, =149.84 + Y n.AT',
T =

c

T,/[0.588 1 -0.930 5¥n,AT,, - ( Xn,AT,)*] (10)

F4 M-PEfEE CBDACBD B9 7, .7, BHREKE
Table 4  Calculation of T} and T, Group contributions of CBDA and CBD by M-P Method

fﬂp B} - AT, AT,
CBDA
= C(HHgHE) 6 290.21 20.0103
= CH(FFHi ) 2 179. 86 -0.0088
-CH( i) 2 247.01 0.0141
-CH, (3 4) 2 174.48 0.0092
-CH; (EER4 ) 3 98.48 0.0144
= C(IEH i) 1 258.41 0.0119
= CH, (JEFRIg ) 1 67.90 -0.0076
-CH, (EERsg ) 4 198.22 0.0185
-OH (M, g4t ) 2 350.99 0.0273
-COOH (%1 Ht) 1 948.08 0.0843

1.3. 1.4 FRARMRZ T AS TR BE T W 2 o v B 2R A=
JIE AR Z A B

AR A 7 i T Hp Al KRR R 5% 4k CBD 5B
ZEAF HEFE 40 ~ 140 °C (313 ~413 K) R, R
P A1) A (12) X5 AN AL F #% 20 73 Wi 2
BRAEEE IR AR RS R R EE SR REA 5 . AR IR
N RASHREEE SR AR IR bR B R AR I A 2 (13)
AR (14) A,

AHY, = AH], - A H, (11)
; s AH
s&:QF-TT (12)
AfHS,T = AngG),29x +] goxcp,ng (13)
C
52T=5:),zgs +j2T987p dr (14)
1.3.2 T KFRP KRB 8RR v B &
B HWER S B
1.3.2.1 R 2k d iR e

Ok CBDA R 5% Akt # rh CBD fE52 #/:
A R A O o A 3 AR A A . CBD
RERSEE . KA S el B SAE R RS, 3
50 mV/min, FHE# 2 10 °C/min,
1.3.2.2 SAEEXS TS ACRRTR AR — BRI H s 1
i

43 SPEE Tl KRR AE I SRR B P XU A
#4240 60 80,100,120 140 °C YL B HEAT #0438 52 30
min ZbHf, AbFREE RS A PRI HEAE S 0.3 g,
G35 I TEK SRR A ) CBD B4R B 71
FOERR L 12 10, pKiE 8 75 30 min 5, 28 5000 t/
min #5.0> 8 min, WAERI FiEH. EE 5 KAIFE
WU, 2638 S8 e 25 84T CBD F il o .
1.3.2.3 KX Tl R RR p R RR — 1 1 5 #2
qispa

2 (P E 25 81) 2020 Ji PU R g E i
B B T I Tl KRAE I JER R A &K, 251
INARR FL BB LK , & F 25 CHIE T % AR AL
L Tl R RRAE 55 K 8243 531 35 %) 20,40 .60 .80
100% o #RJ5 , 3 1o $A XUBE AR 2R 47 #4000 5% 5% 1k b
PR, BOE B 90 °C JBFRET ] 30 min, KbFRZEHE,
PRPOTIERI 1. 3. 2. 27 — 8, 208 M B A AT
CBD & #5E
1.3.2.4 Tl R JRR A R IR 193 1982 I 42 2t Ak i AR AR
HLEE R EICR 16 AL BEAA

5401.3.2.27 s B ZR 4G Tl R BRAE 38
T B XM HIAEIRE 95,100,110 ,120 C, iR
[ 4358 1.5 ~56 min, #£17 CBDA IR Ak Ab 3L,
A PREE TR RO R 1. 3. 2. 27 — &, 4038 M H
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B AT CBD SEIE .,
1.3.2.5  EailE ik

A 3 7R AR AT € 1 e X Tk KRR R CBDA #455E
A CBD B F5 g HEA T 52 VROAH 7 vk R« R AN
DU A% K 220 nm ; €343 4 Diamonsil Cq A
A TSR 20 :0. 1% BRIk (73:27) 5 i )
AHLE 1.0 mL/min; JEAE & 10 pl,
2 #RE5itR
2.1 Tl kMR RKRK-EBERELERMAE
ERSW

1 Benson &[] 5Tk %11 45.45 tH CBDA Fi1 CBD
AT UE BE IR A UK 43 3 k=704, 19 357, 66 k]/
mol , 47 Y & SR 47 43 1] R 954. 35 .900. 41 J/(mol -

K) . #34f Joback J AT BT #ik v Al B Tl X JpE  CB-
DA RS Ay B SR L E HIRE(T) Z
[] ) PRSOC R 2T

C?(CBDA) = -75.93 +2.22T -1.63 x 10 *7°

+5.00x107'7° (15)
C’(CBD) = -93.92 +2. 13T - 1. 57 x 10 ° T°
+4.58 x1077T° (16)
C?(CO,) =3.11 +0. 197 -2. 65 x 10 *T° +
1.20x107'7° (17)

3 Joback A1 Reid 3] 57k 2 . Watson 23 2
1%%] CBDA Fl1 CBD 7E R [RIF AL IR T 28 & %5 an
#=5,

&5 CBDA 0 CBD ZEARRIRE THZERE
Table 5  Enthalpy of evaporation of CBDA and CBD at different temperatures

L

A, H;(kJ/mol)

Temperature ( C ) 7K CEDA CED
40 313 187.61 145.95
60 333 185.53 144.09
80 353 183.42 142.19
100 373 181.27 140.26
120 393 179.08 138.29
140 413 176. 86 136.28

WEARYE“1.3. 1. 47 T R AZGFEAAH Tk K
ik CBDA B R IR R T4 e RN E T RY

AL S A AHY, ST IR 6

R6 RNMBANEANRIRE TSR ASIRMEERE RIS TR EERE

Table 6  Standard molar enthalpies of formation and standard molar entropies of each component of

the reaction in the gaseous or liquid state at different temperatures

WI# SR TR
Thermodynamic Temperature( C ) T(K) CBDA CBD CO,
parameter

A/-HET( kJ/mol) 40 313 -697.22 -351.03 -392.91
60 333 -687.47 -342.37 -392.09
80 353 -677.19 -332.94 -391.26
100 373 -666.41 -323.03 -390.4
120 393 -655.14 -312.65 -389.52
140 413 -643.41 -301. 83 -388.63

S?_T(J/(mol - K)) 40 313 977.15 921.23 215.7

60 333 1007. 36 948. 88 218.23
80 353 1037.33 976.38 220. 67
100 373 1067.03 1003. 68 223.04
120 393 1096. 44 1030.77 225.32
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213% 6 ( Continued Tab. 6)

Thermodynamic Temperature( C ) /7K CBDA CBD CO,
parameter
140 413 1125.56 1057.63 227.53
Afo?T( kJ/mol) 40 313 -884.83 -496.98
60 333 -873.00 -486.46
80 353 -860. 61 475.13
100 373 -847.68 463.29
120 393 -834.22 -450.94
140 413 -820.27 438.11
S,(?T(J/(mul - K)) 40 313 377.76 454.94
60 333 450.21 516.18
80 353 517.73 573.56
100 373 581.05 627. 64
120 393 640.75 678.88
140 413 697.33 727.65

i FIREEH, CO, 75 313 ~413 K | AR
SRAE LK 41-392. 91 ~ -388. 63 kJ/mol | 47 i 5 SR I
1215.70 ~227.53 J/(mol - K) , 5E&Z" thgh iy
£ 298. 15 ~400 K T CO, A HRHERE IR A LS N -
393.51 ~-393.586 kJ/mol ARifiEE /R4 A 213.783 ~
225.305 J/(mol « K) Z5 5440, 15 W 1ty i Ak 8 mT
SEo M T K (18) (A (19) (AKX

(A.G}) o ATFREE T A B (K®) nl A0 (21)
PR E LR R A, Gy EHEAS P A
() [ CBDA X K& K® Bep o e Lok, 4
A Mathematical3. 0 #4788 . HARSS R
%7,
AH? =X (0 AHT) e = Z (RAHT) s (18)
AST = 2 (AST) ptuer = 2 (AST) s (19)

(20) 15545t CBDA A [A) i T #5058 5% A A AG7 =AH7 —AS? (20)
AECAHT) KH7E (A, ST ) FEEALIY 3 A3 11 F g K® =exp( - A,G7/RT) (21)
F#7 FERET CBDA BBHRIEU R A H7 (A,S7AG) KR o fE
Table 7 A HY,A,SY,A.GY ,K®and « values
for the thermal decarboxylation of CBDA at different temperatures

S i o o o
Tempcii:i‘e( ) K ( leJr/I;rlli)l) (/( ijT- K)) ( k?;fnrol) K *
40 313 5.06 292.88 96.73 1.39 x10' —1
60 333 5.55 284.20 -100.19 5.21 x10% —1
80 353 5.78 276.50 -103.38 1.99 x 10" —1
100 373 6.01 269.63 -106. 58 8.43 x 10" —1
120 393 6.24 263.45 -109.78 3.91 x10™ -1
140 413 6.47 257.85 -112.96 1.94 x10" —1
W FIR R i AS Y, 7E 40 ~ 140 C FRYS UL SV BRI A T 7853 e b o
BRIREEAGIRE N, A, Gy T, IFBEBE IRE M 2.2 TURKKPAKR_BBUELZELZHEER

LA, G BN, BEHZEEALAE 40 ~ 140 CHEFET
A AT ROV, O HLBEE I TR, A R T R
R AR 72N ) B2 IRLEE T CBDA #e b K° % a,

HIBESHERST
2.2.1 KRApR=Beg TG 247
CBD ZEFE#H Z K 10 K/min F TG #4#7 ith
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L ULE 4, X TG fthk43Hrml 0 .

CBD 7£ 156.24 CHF4fi 5, B & 352.21 C 4%k
FoE4, PICHARIE CBD 78 #UB% A 10 o 78 rh
AP EE i R B UR FEAR R, BT DA e A R R
VEBEA N B4 156.24 °C

B4 CBD-TGA Hi%k
Fig.4 CBD-TGA curve

2.2.2

L
3 D Tl K RFEAN )i 84T CBDA it

etk CBD Az e Bt BEAZ (R A AnfET 5 Bioi

T Tk K BRFE T R R By BR BL £ A%

BS T kARFER S CBDA ZEAREIRE TER CBD L%
Fig.5 Conversion of CBDA to CBD in C. sativa

flowers and leaves at different temperatures

AR L TP RPRAE R EE 40 ~ 140 °C At il P
BRI CBD AR AL RAT I, 76 i 2 e AL AT [e) o
[F] P, B T2 7 35 0, CBD (6 Ak & ik 1 . 7
40 ~60 C N, Bl i & 19 T i, CBDA AR B fe A=
Ji, CBD & FEARR AL A A o R
60 CZ it 5] 140 C i}, CBD 5465 & 2R3
I, IFAE 140 CRNE o BT T 1, X 5FALR RIS
SO HTEE AR TR o ] B R B T, R A AR
H CBDA 731 A RESE N, TG AL > T RO Z , RS
KRR

2.2.3 AKEM T kKA P KRR BB LER
AR

TS AN ] B 7K A b RBRAE T AE IR 90 C
TFEEEAR 30 min i#F17 CBD Ak, Ak a5 Rkl 6,

B 6 IdXKERFEMF CBDA EARE
EIKET CBD #L &
Fig. 6 CBDA conversion rate of CBD in C. sativa

flowers and leaves at different water contents

ARAEAN TR 35 7K AR e AL S R I B A i, T
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Fg. 7 CBDA conversion of CBD in C. sativa flowers and leaves

at four different temperatures with time
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38 15 S R AT X B A T KRR AN & A KA
Tl KRAEY) CBDA i 32 o A5 X B4 #4743 A, H:
t CBDA 433l 1 sREANT o

G(a) =kt (22)
o = i T Mo (23)

m,

o Hy CBD HEAlAsm, Ay i B%) CBD /& it s m,

WG CBD 1 sm, A5 iR CBD #efbit,

HRAERT 25 P 22 WL EE AL Bl g 2 eR BB R 0 B B 46
TR YR D, BRI S A KA A,
LA PSR R, B IE AR 4040 T Tl
KIFRAH CBDA R e AL HLEEL . 8 Sy i 5 11~
PLER R A5 8 TR

&8 8 MM NIFNIETE

Table 8  decomposition kinetic mechanism functions

B ki

Kinetic mechanism 6(a) fla)
4, [-In(l-a)]"? 2(1-a) [-In(1-a) ]V?
4 [-In(1-a)]"? 3(1-a) [In(1-a) ]??
D, o+ (1-a)In(1-a) [In(1-a) -1
Ds [1-(1-0) ]2 3/2(1-0) 3 [1-(1-a) * ]
D, 12/3a-(1-a) %3 3720 (1-a) 3-17"!
F In(l-a) l-o
R, 1-(1-0) ' 2(1-a) 2
R 1-(1-a) " 3(1-0)%?

A AR(22) (23) e 8 Fh i s 1 # AL R G(a) =
B, R LA a) P vk B i Tl KRR H CBDA Bi6#R Ry(a) =1-(1-a) "’ =0.2063(t/t, 5) (31)

SR B ME SR HLIE BB 4 G (@) = =
gﬁhﬂwmw%ﬁ*cwnaﬁmxmawﬁ%
0‘>a=1.0
Ma=0.5Fa=1.0 BHSELXT 6G(a) BIAK%E
1B 520 577N a i85 0.5 B I ZL AT [A]
WJE U, 8 Aoy 20 1 2F AL R R BT 15 R

Gla) =
A, (a) =[-In(1-a) ]"* =0.8326(1/1,5) (24)
G(a) =
A () =[-In(1-a) ]"* =0.8850(t/1,5) (25)
G(a) =
D,(a) =a+ (l-a)In(1-a) =0.1534(t/1, 5)
(26)
Gla) =
Dy(a) =[1-(1-a)"?]% =0.0426(1/1, ) (27)
Gla) =
D,(a) =12/3a-(1-a)*” =0. 1101 (1/1, 5) (28)
Gla) =
F,(a) =-In(1-a) =0.6931(t/1, 5) (29)
G(a) =
R,(a) =1-(1-a)"? =0.2929(1/1, ;) (30)

BT (24) ~ (31)8 Flrg W43 51 J1 2= HLER
BERIVE A B M 2R, 5 Tl RRRAE AN [ 3 BE T T2
BeAk CBD 1 a-(1/1y 5 ) BHERAE R 5256 i 42, 3 2o X
LS g ih £ 5 e i Ze i Wy & R B, F 1N iff o e ik
SRHLPE REL

B8 MFHARERE T XS CBDA RN AR
CBD 8y a-(t/t, 5 ) HIZk
Fig. 8 «-(1/t,5) curves for the decarboxylation

of CBDA to CBD in C. sativa at four different temperatures
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Fig. 9  Fitting of experimental and theoretical functional curves for decarboxylation of CBDA in C. sativa at four different temperatures
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Table 9 Rate parameters for the decarboxylation reaction of CBDA in C. sativa at four different temperatures

L /K Fy R k
Temperature ( °C ) F, function model rate k
95 368 0.0172
100 373 0.0260
110 383 0.0620
120 393 0.0935

Wit Arhenius J5 F2Y I B R b S5 REREE L
I EE T 2 A K T RE 2 2 32 4 i SO B, A R A
k =Aexp( E/RT) (32) Ink =1InA - E/RT (33)

A RS HTA 75 E ATEALRE: R < FRAE A 1 Tolk KRR CBDA i 52 #e b F,
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Fig. 10 F, function model 1/T-Ink scatter

curve for CBDA decarboxylation reaction in C. sativa

HRAE Arrhrnius J7 R4S 3] Tl Kk CBDA
R ALTE AL EE E 24 83.77 kJ/mol, 58] 1 mol CB-
DA B 280015678 lUEA RO AR 09 1% 46 43+ B 5
SR IkRE R 83.77 kI,

3 itit 54

A5 38 2o 5 P BTk AR Watson 240X T
A KR CBDA R IR R 45 A o3 FA T 122 5
BT . IRIE T 27 0 045 I 7E 40 ~ 140
CHE T, BEE R E BN, S AGY i # ki
fHo BEWIFERNTE 40 ~ 140 CHuFEIN AT B & LA 4%
AN, Bt O 2 ik B2 Tt v, I R 2 Ak ik Ay A ik
Ko WIEAFRRET A,GY HitE 45 CBDA #4k
K®J o, BEAS UL N BERS U5 784054k

S5 1A= CBD A e 5 R i 2 ., 3 2 44
AT R B I e v Ui AN N i20HE 1 156. 24
Co T HEE T IR K B S PR IR B2 X CBDA
FEARI R A B CBD (52 M Af o A& B0, Bifi 5 P55 1
K Tl FRRAE i v 2 7K B A 3G A, Tl K gk CB-
DA iyRA i CBD A58, i #EfRIIE CBD A~
PEBEAR R A RTER T, 38 5 Tl KRAE i rf 7
K SO BE w4 s Tl Kk rh CBDA i R % Ak i3t
o ARPEILIGLE RS 5 UL 8 Fh oy fifk 5 12 pREUBL Y
HATEEARRT L, 5 Tl KRAE i CBDA #A 5K
AR MESR ALy Fy A RS, Jf 38 5 Arrhrnius 77 2
THE Tl RIRAE R R 5 Ak i AL RE E 5300 R 83.77
kJ/mol , FiE 75 T 1 mol CBDA % 24> F 4% 78 i H.
A SRS A5 Pt ZE i S (R RE

&% 3k

1

13

Yang YH. History of Cannabis plant classification[ J]. Plant
Fiber Prod ( *f [# R0l ) ,2003,25:9-11.

Su FF,Yang G,Zheng YG. Research on the current situation
of Cannabis sativa L. planting and breeding[ J]. China J Chin
Mater Med ( H [E Fp 274 d:) ,2022,47 :1190-1195.

Hanus LO, Meyer SM, Muiioz E, et al. Phytocannabinoids : a
unified critical inventory[ J]. Nat Prod Rep,2016,33:1357-
1392.

Xie R,Hao DL, Yang JY,et al. A mini-review on anti-tumor
effect of cannabidiol[ J]. China J Chin Mater Med ( H7 [E 7
27,2022 ,47 .6541-6550.

Chen C,Pan ZL. Cannabidiol and terpenes from hemp-ingre-
dients for future foods and processing technologies [ J]. J
Fure Foods,2021,1:113-127.

Zhang J,Su JG,Tang Q,et al. Advances in research on the
glandular hairs of Cannabis sativa L. [J].]J Henan Agric Sci
(R ARE) 120225110417,

Wang LL,Chen JY, Liang JZ, et al. Thermodynamic analysis
of esterification of abietic acid with methanol by group contri-
bution method[J ]. CIESC J (fk T-5#4f) , 2013, 64: 1900-
1906.

Dong XF, Fang LG, Chen L. Physical property estimation
principle and computer calculation ( 414 £ 55 Ji 3 &7 1155
HLitE) [ M]. Beijing: Chemical Industry Press,2006;173-
180.

Dean JA. Lange’s Handbook of Chemistry ( % [G AL 24 F- )
[ M]. Beijing: Science Press,2003:969.

Poling BE, Prausnitz JM, O’ Connell JP. The properties of ga-
ses and liquids:5th Edition ( =& 9 VEAd 38 F 1« 565 AR
[ M].. Beijing: Chemical Industry Press,2006 :65-66.

Ma PS. Chemical data( k. T.%%#%) [ M]. Beijing: China Pet-
rochemical Press,2003:113-135.

Li D, Ding TM, Tian HS. Thermodynamics analysis of ethyl
acetoacetate synthesis from ethyl acetate by ester condensa-
tion[ J ]. Nat Gas Chem Ind ( K&k 1k T-C1 fb22 51k
T1.),2016,41.12-14.

Fonseca L., Cremasco MA. Group contribution methods to pre-
dict enthalpy of vaporization of aromatic and terpene ketones
at 298.15 K[ J]. Fluid Phase Equilib,2021,538 :113009.
Wan SY, S L. Thermodynamic analysis and experimental veri-
fication of a new route for direct diethyl oxalate synthesis
[J].J Fuel Chem Technol ( BAR}fb2%2#4k ) ,2021,49:121-
128.

(FT#4%335 1)





