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Appendix

Derivation of equations

Explanation of terms:

Subscript aq — aqueous

Subscript m — micellar

Subscript T — total (aqueous + micellar)

R — nonionizable drug

HA — monoprotic weakly acidic coformer (nonionized)
H,A — diprotic weakly acidic coformer (nonionized)
HAB — amphoteric coformer (nonionized)

M — micellar surfactant

K, — cocrystal solubility product

K., — acid dissociation constant

K — micellar solubilization constant

K., — eutectic constant

S — solubility

CMC - critical micellar concentration

CSC — critical stabilization concentration
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RHA (1:1 nonionizable drug R, monoprotic weakly acidic coformer HA)

Relevant equilibria are given by

K
RHA —2—=R +HA (1)
solid aq aq
KHA
HA “— A" +H" 2)
aq aq aq
KR
R +M——R 3)
aq m
KHA
HA +M - HA “4)
aq m
K*
AT FMe——A" (%)
aq m

Associated equilibrium constants are given by

K, =[R], [HA], (©)
AT H, o
: [HA],
R
[R], [M]
HA
= DA, ©
[HA], [M]
. A~
K = —[_ b, (10)
[A],[M]
Solubility of cocrystal RHA
Mass balance on R is given by
[R], =[R], +[R], (i

Substituting (6) and (8) into (11) gives
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R] = 5 1+ KX M
R}, =7 (1+ K M) (12)

aq

Mass balance on A is given by

[A]l, = [HA]aq + [A’]aq +[HA] +[A"] (13)
Substituting (7), (9), and (10) into (13) gives
HA
[A]. =[HA] 1+—a+KHA[M]+£KA’[M] (14)
' "o [H]
Combining (12) and (14) gives the
K Ha K
[R], =—2(1+ K [M])| 1+ ——+ K*[M]+ —=K* [M] (15)
[Al, [H'] [H']

Where [R]r and [A]r are the total concentrations of drug and coformer when cocrystal and solution are in
equilibrium. When K™ >> K, (15) can be simplified to
HA

K
[R]sz(HKS [M]) 1+E+KS [M] (16)

T

Eutectic solution concentrations of drug and coformer of cocrystal RHA

At eutectic point Ey, solid drug, cocrystal, and solution coexist in equilibrium.

RHA ., +R_.,=—R_+HA (17)
soli aq aq

solid
[R]ew and [A]e, 1, the total concentrations of drug and coformer at the eutectic, are special solutions to Equation

(16) when the following condition is satisfied
[R]. =S (18)
where Sg 1 is the solubility of R in the eutectic solution. When drug and solubilization are mutually unaffected by

coformer (and vice versa), then Sg t is equivalent to the drug solubility in micellar solution (no coformer), which is

given by

(19)
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Ser=Sga (1K M]) (20)

R,T

where Sg 4 is the drug aqueous solubility. Thus,

[R]eu,T = SR,aq (1 + Kf [M]) (21)
K HA

Al =—21+——+K"M 2

[A], , A RTTA [M] (22)

The eutectic concentrations in water (no micellar solubilization) are found when [M] = 0,

[R]eu,aq = SR,aq (23)
K KHA

[Al, . = | I+— (24)
,aq SR,aq [H ]aq

Combining Equations (21) to (24), [R].r and [Ale,r at [H'] = [H ']t can be expressed in terms of [Rleuaq and [Aleyaq

at [H'] = [H,.

[R]eu,T = [R]eu,aq (1 + K:{[M]) (25)
HA
1+ ——+K"[M]
_ [H'],
[A]eu,T - [ ]eu,aq HA (26)
o
[H'],,

E,, the eutectic between solid coformer, cocrystal, and solution, is described by

RHA . +HA ,~=——R_+HA 27
soli aq aq

solid

At E,, [R]eu,r and [A]e, 1 are special solutions to Equation (16) when the following condition is satisfied
[Al; =S, (28)
When drug and solubilization are mutually unaffected by coformer (and vice versa), then S r is equivalent to the

pure coformer solubility in micellar solution (no drug), which is given by the total coformer concentration in the

aqueous and micellar environments
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SA,T = [A]T = [HA]aq + [A7 ]aq + [HA]m (29)
HA
Sut = Siaag| I+ [Ha+ + K [M] (30)

where Sy 4q 1S the coformer intrinsic solubility. Solving for [R]e,t and [A]e,  according to Equation (16) for E,

yields the same expressions as (25) and (26).

Eutectic constant K., of cocrystal RHA

The eutectic constant K., is given by

a
Keu — Aeu (31)
a

R,eu

Assuming dilute conditions where concentrations replace activities,

_ [A]eu,T (32)
cu [R]

eu,T
Assuming there are no solution interactions aside from ionization and micellar solubilization, Equations (25) and

(26) can be substituted into (32), which yields

HA
1+ ——+K"[M]
K =K : H ), (33)
eu,T eu,aq 1+K§[M] K;—[A
; +
[H"]

aq

where K, 1 is the total K, in micellar solution at [H'] = [H'], and Keu,aq 1s the K, in pure water at [H']= [H+]aq.

CSC of cocrystal RHA

The CSC at [H']r can be expressed as a function of Key aq at [H']oq. The CSC is determined by Equation (33) when

Keur =1 and solving for [M],
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-1

eu,aq HA

+ +
[H],
csc T K KW

R _ eu,aq
S HA
I+
[H']

[M]

(34)

aq

[M]csc is the micellar surfactant concentration associated with CSC. The CSC is

HA
a

+H+
H, |,

eu,aq K HA

+ a
[H'],
CSC= T CMC (35)

KR _ eu,aq s

[H']

aq
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HXHA (1:1 monoprotic weakly acidic drug HX, monoprotic weakly acidic coformer HA)

Relevant equilibria are given by

K
HXHA , ———HX_ +HA_ (36)
KHX
HX —X" +H" (37)
aq aq aq
KHA
HA —A" +H" (38)
aq aq aq
KHX
HX +M+———HX (39)
KHA
HA +M+———HA (40)
KX
X TM——X" (41)
K*
AT TM——A" (42)

Associated equilibrium constants are given by

K, =[HX], [HA], 43)
HX _ [X_ ]aq[H+]aq (44)
: [HX],,
AL, -
: [HA],,
HX
?X — i (46)
[HX],,[M]
HA
HA [ ]m (47)

* " [HA][M]
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, X
PG el @)
(X1, [M]
. A~
PO )
[A7], [M]
Solubility of cocrystal HXHA
Mass balance on X is given by
[X], =[HX], +[X ], +[HX], +[X], (50)
Substituting (43), (44), (46), and (48) into (50) gives
K KHX KHX .
[X], = —2—| I+ "=+ K" [M]+——K] [M] (51)
[HAL,\  [H'] [H']
Mass balance on A is given by
[A]l, = [HA]aq + [A’]aq +[HA] +[A"] (52)
Substituting (45), (47), and (49) into (52) gives
KHA KHA
[A], =[HA] | 1+ ——+ K" [M]+—=K [M] (53)
[H] [H]

Combining (51) and (53) gives

[X] Sl K, +K!™[M] K, KX [M] || 1 K, K™ [M] K KP[M]| (54
_ A 4+ +——+ +——
T [A]T [H+] s [H+] s [H+] s [H+] s

where [X]r and [A] are the total concentrations of drug and coformer when cocrystal and solution are in

equilibrium. When KSHX >> KSX' and KSHA >> KSA', then Equation (54) can be simplified to

[X], = Ky 1+ K + K™ [M] || 1+ K, + KM [M] 55
T [A]T [H+] s [H+] s (33)

Eutectic solution concentrations of drug and coformer of cocrystal HXHA
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At eutectic point Ey, solid drug, cocrystal, and solution coexist in equilibrium.

HXHA , +HX  , =—=HX, +HA_ (56)

solid
[X]ewt and [Aleut, the total concentrations of drug and coformer at the eutectic, are special solutions of Equation

(55) when the following condition is satisfied
[X], =S (57)

where Sx r is the solubility of X at the eutectic. When drug and solubilization are mutually unaffected by coformer
(and vice versa), then Sx 1 is equivalent to the pure drug solubility in micellar solution (no coformer), which is given

by the total drug concentration in the aqueous and micellar environments

Sy =[XI], =[HX], +[X"], +[HX], (58)
HX
Syt =Sixag| I+ [H—+ +K!"[M] (59)

where Syix oq is the drug instrinsic solubility. Thus,

HX
[XJowr = Siixag | 1+ 2 + K7 M] (60)
5 ,aq [H
K KHA
[Al,, = S S [Ha+] + K" [M] (61)

HX,aq

The eutectic concentrations in the absence of micellar solubilization are found when [M] =0,

HX
Xarsa =S| 1+ 757 (©)
K KHA
[A]eu’aq:S i 1+[H"1+] (63)

HX,aq
Combining Equations (60) to (63), [X]e,r and [Ale,rat [H'] = [H']1 can be expressed in terms of [X]euaq and [Aleuaq

at [H']=[H']y.
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HX
1+ ——+K™[M]
[H"] ]
_ T
[X]eu,T - [X]eu,aq KH_X (64)
o
[H],,
HA
1+ ——+K"[M]
Al = [H],
[ ]eu,T - [ ]eu,aq HA (65)
+
[H],,
E,, the eutectic between solid coformer, cocrystal, and solution, is described by
HXHAsolicl + HASolid :HXaq + HAaq (66)
At E,, [X]ewt and [A]e, 1 are special solutions to Equation (55) when the following condition is satisfied
[AL, =S, (67

When drug and solubilization are mutually unaffected by coformer (and vice versa), then S r is equivalent to the
pure coformer solubility in micellar solution (no drug), which is given by the total coformer concentration in the

aqueous and micellar environments

S,r =[Al, =[HA] +[A7] +[HA] (68)
HA
— a HA
SA’T = SHA’aq + _[H+] + KS [M] (69)

where Sy oq 1S the coformer intrinsic solubility. Solving for [X]e, r and [A]e, r according to Equation (55) for E,

yields the same expressions as (64) and (65).

Eutectic constant K., of cocrystal HXHA

The eutectic constant K., is given by

10
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K, =—= (70)

Assuming dilute conditions where concentrations replace activities,

A
K_= —[ o (71)
[X]

eu,T
Assuming there are no solution interactions aside from ionization and micellar solubilization, Equations (64) and

(65) can be substituted into (71), which yields

HX HA
+— 1+ ——+ K" [M]
) [H'],, L
I<eu,T - Keu,aq KHX KHA (72)
1+ ——+ K™ [M] 1+—2
[H'], [H'],,

where K, 1 is the total K, in micellar solution at [H'] = [H'], and Keu,aq 1s the K, in pure water at [H']= [H+]aq.

CSC of cocrystal HXHA
The CSC at [H+]T can be expressed as a function of K¢, »q at [H].q. The CSC is determined by Equation (72) when

Keur =1 and solving for [M],

(R
+ + +
[H"], [H'],
eu,aq KA - HX
o I+
M [H'],, [H'],, -
= 7
CSC HX HA
K _ eu,aq. s
HX K HA

+ I+
[H'] [H']

[M]csc is the micellar surfactant concentration associated with CSC. The CSC is

11
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HA HX
[H™], [H'],
eu,aq KHA - KX
1+ .
[H], [H],
CSC = + CMC (74)

BHA (1:1 monoprotic weakly basic drug B, monoprotic weakly acidic coformer HA)

Relevant equilibria are given by

K
BHA  ,——B_ +HA_ (75)
B
BH" “—B +H" (76)
aq aq aq
KHA
HA —A" +H" (77)
aq aq aq
KB
B, +M——B, (78)
KHA
HA +M+=———HA (79)
BH"
BH+aq +M - BH" (80)
K*
AT TM——A" (81)

Associated equilibrium constants are given by

K =[B],[HA]

sp ag aq (82)

B] [H*
oo [BLIH'L,

a " (83)
[BH'],

12
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i _ [A7], [H'], "
[HA],
B
K= Bl (85)
[B], [M]
HA
oA = _HAL_ (86)
[HA],, [M]
. BH"
o= IBH L., (87)
[B],, [M]
. A
K? =[_—]‘“ (88)
[A7],[M]
Solubility of cocrystal BHA
Mass balance on B is given by
[B], = [B]aq + [BH*]aq +[B]_ +[BH"]_ (89)
Substituting (82), (83), (85), and (87) into (89) gives
K [H'] [H']
B, =—2—| 1+ +KP[M]+ K°[M 90
[Bl; [HA]aq[ K’ . [M] K’ ul ]] (90)
Mass balance on A is given by
[A]l, = [HA]@q + [A’]aq +[HA]_ +[A"] 91)
Substituting (84), (86), and (88) into (91) gives
HA HA
Al =[HA] |1+——+K"[M]+——K* [M 92
[]T[]aq[ ] s[][H+]S[]J (92)
Combining (90) and (92) gives
K H* H] . K™ K"
[B], = — 1+¥+Kf[M]+¥Kf“ [M] || 1+ ——+K!"[M]+——K" [M] 93)
[Al K, . [H'] [H]

13
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Where [B]r and [A]r are the total concentrations of drug and coformer when cocrystal and solution are in
equilibrium. When KSB >> KSBH+ and KSHA >> KSA', then Equation (54) can be simplified to

[ +] KHA

+KP[M] || 1+ ﬁ + K" [M] (94)

[B] st 1
=—2 11+
tO[AL K?

Eutectic solution concentrations of drug and coformer of cocrystal BHA

At eutectic point Ey, solid drug, cocrystal, and solution coexist in equilibrium.

BHAsolid + Bsolid ~ Baq + HAaq (95)

[Blewt and [A]e, 1, the total concentrations of drug and coformer at the eutectic, are special solutions to Equation

(94) when the following condition is satisfied
[B], =S (96)

where Sg 1 is the solubility of B in the eutectic solution. When drug and solubilization are mutually unaffected by
coformer (and vice versa), then Sg r is equivalent to the pure drug solubility in micellar solution (no coformer),

which is given by the total drug concentration in the aqueous and micellar environments

Sy =[Bl, =[B],, +[BH"], +[BI, 97)
[H']
SB,T = SB,aq 1+ E—— + I(S [M] (98)
Ka
where Sg ,q is the drug instrinsic solubility. Thus,
Bl =s, |1+, kopm
[ ]eu,T - B,aq + KB + S [ ] (99)
K HA
Al =—2| 1+ ——+K"[M (100
[ ]eu,T SB [H+] s [ ] )
,aq
The eutectic concentrations in the absence of micellar solubilization are found when [M] =0,
B =S 1 [H]
[ ]eu,aq - B,aq + KB (101)

a

14
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K HA
Al =—2 |1+ 102
[ ]eu,aq S [H+] ( )

B,aq
Combining Equations (99) to (102), [B]e,r and [A]e,r at [H']=[H"]r can be expressed in terms of [B]ey aq and

[Aleaq at [H'] = [H L.

[H'],
I+ —5—+K[M]
[B]eu T = [B]eu aq : + (103)
’ ’ HD
+ KB
a
HA
1+ ——+K"[M]
Al —[A [H'],
[ ]eu,T - [ ]eu,aq KHA (104)
1+ j
[H'],
E,, the eutectic between solid coformer, cocrystal, and solution, is described by
—_—
BHA . +HA ,~— Baq + HAaq (105)
[Bleu,r and [A]e, 1 are special solutions to Equation (104) when the following condition is satisfied
[A]T = SA,T (106)

When drug and solubilization are mutually unaffected by coformer (and vice versa), then S r is equivalent to the
pure coformer solubility in micellar solution (no drug), which is given by the total coformer concentration in the

aqueous and micellar environments

S,1=[A], =[HA] +[A"] +[HA] (107)
HA
— a HA
Spr = Suaag| 1T 0] +K 7 [M] (108)

where Sy 4q 1S the coformer intrinsic solubility. Solving for [B]e,t and [A]e, r according to Equation (55) for E,

yields the same expressions as (103) and (104).

15
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Eutectic constant K., of cocrystal BHA

The eutectic constant K., is given by

aA,eu

K_= (109)
a

B.eu

Assuming dilute conditions where concentrations replace activities,

[A]eu,T
s (110)
[B]

eu,T

Assuming there are no solution interactions aside from ionization and micellar solubilization, Equations (103) and

(104) can be substituted into (110), which yields

H+ KHA
1+£——£i —  + K" [M]
KB +] s
Kor =Keaia e : TKﬁA (111)
1+ ——+K’[M] 1+—
. [H'],

where K., 1 is the total K, in micellar solution at [H+] = [H+]T, and K., ,q 1s the K, in pure water at [H+] = [HJ’]a .
) aq q

CSC of cocrystal BHA
The CSC at [H']; can be expressed as a function of Key,aq at [H+]aq. The CSC at a given pH is determined by

Equation (111) when K., =1 and solving for [M],

KHA H+
+—2 1+[ JT
[H'], | K,
eu,aq KHA [H+]
I+ I+—=
Ml = H 8 (112)
csc B HA
Ks eu,aq s
+ HA
1+[ 3” 1+
K, [H ]aq

[M]csc is the micellar surfactant concentration associated with CSC. The CSC is

16
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HA +
: 1+[ B]T
[H'] | a
eu,aq KHA +
2 1+[ ]aq
CSC = (], . +CMC
- B HA
Ks _ eu,aq s
+ HA
W K
K [H'],,

RyHA (2:1 monoprotic weakly basic drug R, diprotic weakly acidic coformer H»A)

Relevant equilibria are given by

K
RHA  ——=2R_+HA
soli aq 2" Taq
H,A
HA ——=HA"_+H"
aq aq aq
KHA7
HA" - A +H"
aq aq aq
KR

HA™

HA" +M=———HA"

A%

A* M = A*

a

m

Associated equilibrium constants are given by

K, =[R],[H,A]

sp aq

a [H,A],

17
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(117)

(118)

(119)

(120)

(121)

(122)
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o [AT]HT]

— - (123)
[HA"],
R
K= _IRl, (124)
[R], [M]
H A
:IZA _ [ 2 ]m (125)
[H,A],[M]
, HA"™
= _HA L - b, (126)
[HA], [M]
A* _ [A27]m
e (127)
[A™ ], [M]
Solubility of cocrystal R,H,A
Mass balance on R is given by
[R], =[R],, +[R], (128)
Substituting (121) and (124) into (128) gives
K 2
[R],> = ——(1+ K [M] (129)
! [HzA]aq ( )
Mass balance on A is given by
[A], =[H,A], +[HA™] +[A"], +[H,A] +[HA™] +[A"], (130)
Substituting (122), (123), and (125)-(127) into (130) gives
HA AL HAT H,A K AR HA”
[Al, =[HA] | 1+ ——+———— + K" [M]+ —— K" [M]+ ——2—K* [M] | (13D)
[H']  [H] ‘ [H] [H']
Combining (129) and (131) gives
[R] :&(1+KR[M])2 K KUK +KH2A[M]+£K“A’[M]+HK“’[M] (132)
T [A]T s [H+] [H+]2 s [H+] s [H+]2 s

18
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where [R]r and [A]r are the total concentrations of drug and coformer when cocrystal and solution are in

B} .
equilibrium. When K?ZA >> K:{A and K?ZA >> KSA , (132) can be simplified to

K KA KIRARHA
[R],> = =2 (14 KAMI) | 14—t =t KM (133)
[A]T N [H+] [H+] N

Eutectic solution concentrations of drug and coformer of cocrystal RyH,A

At eutectic point Ey, solid drug, cocrystal, and solution coexist in equilibrium.

RHA ,+R ——R, +HA (134)

solid

[R]ewt and [A]e, 1, the total concentrations of drug and coformer at the eutectic, are special solutions to Equation

(133) when the following condition is satisfied
[R]. =S (135)

where Sg 1 is the solubility of R in the eutectic solution. When drug and solubilization are mutually unaffected by
coformer (and vice versa), then Sg t is equivalent to the pure drug solubility in micellar solution (no coformer),

which is given by the total drug concentration in the aqueous and micellar environments

Spr =[R], =[R], +[R], (136)
R

Ser=Sga (1K M]) (137)
where Sg 4 is the drug aqueous solubility. Thus,

[R], = SR,aq(H Kf[M]) (138)

H,A H,A1, HA
Ksp Ka ’ Ka ’ Ka H A
[A]eu T = 2 1+ + + +12 + KS ’ [M] (139)
TSl T [HT
The eutectic concentrations in the absence of micellar solubilization are found when [M] =0,
[R]eu,aq = SR,aq (140)

19
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SUTL Y UG o
= + + 141
cu,aq S 2 [H+] [H+]2 ( )

R,aq

Combining Equations (138) to (141), [R]eyt and [A]e, T at [H]=[H"]r can be expressed in terms of [R]e, g and

[Aleaq at [H'] = [H'Lg.

[R],,=[R],, (1+K"[M]) (142)

eu, T eu,aq

KA AR HA
+ 2 4 K™MM
[H+]T [H+]T2 s [ ]
[A]l, ; =[A] - (143)
eu, eu,aq KHZA KHZAKHA

+ -
[H'], [H']

2
aq

E,, the eutectic between solid coformer, cocrystal, and solution, is described by

R, H,A

solid

—_—
+HA_, *Raq + HAaq (144)
At E,, [R]eu,r and [A]e, 1 are special solutions to Equation (133) when the following condition is satisfied
[A], =S, , (145)

When drug and solubilization are mutually unaffected by coformer (and vice versa), then S r is equivalent to the
pure coformer solubility in micellar solution (no drug), which is given by the total coformer concentration in the

aqueous and micellar environments

S, =[A], =[H,A]_+[HA"]_+[A*] +[H,A]_ (146)

AT aq aq aq

KA AR HA
a

a a H,
SA,T :SHA’aq 1+ ] + [H+]2 +K, A[M] (147)

where SH Aag is the coformer intrinsic solubility. Solving for [R]., r and [A]e, 1 according to Equation (133) for E,
LA,

yields the same expressions as (142) and (143).

Eutectic constant K., of cocrystal R,H>A

The eutectic constant K., is given by

20
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K =2 (148)

Assuming dilute conditions where concentrations replace activities,

[A]eu,T
B (149)
[R]

eu,T
Assuming there are no solution interactions aside from ionization and micellar solubilization, Equations (142) and

(143) can be substituted into (149), which yields

KA AR HA

1+ +t KM
1 [H'], [H'], :
K_.=K_._ - - (150)
M 1+ K M] G G

+ -
[H'], [H']

2
aq

where K, 1 is the total K, in micellar solution at [H+] = [H+]T, and K., ,q 1s the K, in pure water at [H+] = [HJ’]a .
) aq q

CSC of cocrystal R,H>A
The CSC at [H']; can be expressed as a function of Key,aq at [H+]aq. The CSC at a given pH is determined by
Equation (33) when K, r = 0.5 and solving for [M],

KA AR HA
+ a+ + a " a2
(H], [H]

eu,aq K:IZA K?ZAK:[A,
+
[H'], [H]}
Ml = o (151)
KR _ 2I<eu,aq1<s ’
KHA AR HAS
+ He:— aH+ a2
aq aq

[M]csc is the micellar surfactant concentration associated with CSC. The CSC is
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KA AR HA
+ a+ + a " a2
[H], [H]

eu,aq K?zA K;LIZAKI:A* _1
+
[H'],  [H]’
CSC= TN +CMC
KR _ 2I<eu,aql<s
s KHZA KHZAKHA'
1+ a a a
(A, [H]]

R,HAB (2:1 monoprotic weakly basic drug R, amphoteric coformer HAB)

Relevant equilibria are given by

K
R HAB_,=———2R +HAB_

.
H,AB

H,AB" - HAB +H"
aq aq aq

HAB

HAB, —===AB",_ +H"_

aq

R

R_+Ms=——=R_

aq

"
H,AB

H,AB" +Me=— H,AB*
aq m

KHAB
HABaq +M = HAB_

AB™

AB", +M——==AB"

m

Associated equilibrium constants are given by

K, =[R], [HAB]

sp aq

H,AB* — [HAB]aq [H+]aq
. [H,AB']

aq
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[AB],[H'],,

*~ [HAB],
v R,

* T [R],[M]

H,AB" _ [HZAB+]m
© [H,AB] [M]
HAB [HAB]m

* [HAB], [M]

AB™ _ [ABi]m
* [AB7] [M]

Solubility of cocrystal R,HAB

Mass balance on B is given by

[R], =[R], +[R]

T m

aq

Substituting (160) and (163) into (167) gives

[R] = (1+K M)

[HAB]

Mass balance on AB is given by

[AB], =[HAB]_ + [H2AB+]alq +[AB7], +

Substituting (161), (162), and (164)-(166) into (169) gives

[ +] KHAB

AB]. =[HAB] |1
[ ]T [ ]aq( * KHzAB [H ]

Combining (168) and (170) gives

[R],* =

U+KﬁMD[ L.

[AB] KA [HY]

+ K" [M]+ ———

+[H,AB™]_

S

[H']

"
H,AB

HAB

HAB [M]+

H]

s

+[AB™]

o [M]J

HAB

K AR [M]+ [ a

—K® [M]]

H']

(162)

(163)

(164)

(165)

(166)

(167)

(168)

(169)

(170)

(171)
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where [R]r and [AB]r are the total concentrations of drug and coformer when cocrystal and solution are in

HAB H,AB*

equilibrium. When K™ >>K ™ and K:{AB >> K?Bﬁ , (171) can be simplified to

S

[ +] KHAB

——+ [I;+] + K" [M] (172)
K 2

2 KSp R 2
[R], = [aB] (1+ K M) | 1+

Eutectic solution concentrations of drug and coformer of cocrystal R,HAB

At eutectic point Ey, solid drug, cocrystal, and solution coexist in equilibrium.

R,HAB__ +R_. —=R_+HAB (173)
soli aq aq

solid
[R]ew and [AB]e, 1, the total concentrations of drug and coformer at the eutectic, are special solutions to Equation
(172) when the following condition is satisfied

[R]. =S (174)

where Sg 1 is the solubility of R in the eutectic solution. When drug and solubilization are mutually unaffected by
coformer (and vice versa), then Sg t is equivalent to the pure drug solubility in micellar solution (no coformer),

which is given by the total drug concentration in the aqueous and micellar environments

Ser =[R] =[R], +[R], (175)
_ R
Ser=Sga (1K M]) (176)
where Sg 4 is the drug aqueous solubility. Thus,
R
[R]eu,T = SR,aq (1 + Ks [M]) (177)
K [H+] KHAB
[AB], ;= 5| I+ ———+—=+ K" [M] (178)
" Spa K [H']
The eutectic concentrations in the absence of micellar solubilization are found when [M] =0,
[R]eu,aq = SR,aq (179)
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Ks [H+] KHAB
[AB],, ., = P - 1+ — — (180)
Siaq K- [H']

Combining Equations (177) to (180), [R]eur and [AB]e, r at [H']=[H"r can be expressed in terms of [R]e, oq and
q

[ABleuaq at [H'] = [H'laq

[R]eu,T = [R]eu,aq (1 + K:{[M]) (181)
|:H-'—]T + KSAB + KHAB [M]
KW
[AB],, » =[AB],, [H'], K™ (182)
+

+ +
K HaAB [H+]aq

E,, the eutectic between solid coformer, cocrystal, and solution, is described by
—_—
R,HAB_ +HAB_ ==R_+HAB_ (183)
[R]ew and [AB]e, 1 are special solutions to Equation (172) when the following condition is satisfied
[AB]T = SAB,T (184)

When drug and solubilization are mutually unaffected by coformer (and vice versa), then Sap 1 is equivalent to the
pure coformer solubility in micellar solution (no drug), which is given by the total coformer concentration in the

aqueous and micellar environments

S, = [AB] =[HAB] + [HZABJr]aq +[AB"], +[HAB] (185)
[H+] K:IAB HAB
SAB,T = SHAB,aq l+ KHZAB+ + [H+] + KS [M] (186)

where Syag,aq 1S the coformer intrinsic solubility. Solving for [R]e, r and [AB]e, 1 according to Equation (16) for E,

yields the same expressions as (25) and (26).

Eutectic constant K., of cocrystal R,HAB

The eutectic constant K., is given by
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a
K, =—"% (187)

eu
aR,eu

Assuming dilute conditions where concentrations replace activities,

|:Alg]eu,T
w —[R] (188)

eu,T
Assuming there are no solution interactions aside from ionization and micellar solubilization, Equations (181) and

(182) can be substituted into (149), which yields

H+ KHAB
1 1+ [ H A]BTJr [Ha+] + K:{AB [M]
K 2
K, .=K R 2 h (189)
1+ K M] | [H],, K AR
S + a

H,AB* +
K [H],
where K, 1 is the total K, in micellar solution at [H'] = [H'], and Keu,aq 1s the K, in pure water at [H']= [H+]aq.
CSC of cocrystal R,HAB

The CSC at [H']; can be expressed as a function of Key,aq at [H+]aq. The CSC at a given pH is determined by

Equation (33) when K, r = 0.5 and solving for [M],

[H+]T K:IAB
et o
K, [H"];

Keu ,aq + HAB
[H"] K
1+ e R, E

I<;-[2ABJr [H+ ]aq
Mg = KK (190)

R eu,aq
S + HAB
LD, K

K [H]

aq

[M]csc is the micellar surfactant concentration associated with CSC. The CSC is
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[H+]T K;'IAB
+ Kl—leB+ + [H+]
a T
2Keu,aq [H+] KHAB - 1
+ aq a
KHZAB+ [H+ ]aq
csC= : - +CMC
KR _ 2Keu,aqKs
S + HAB
[H'], K,

KA [HT]

aq
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Table 1. CBZD and coformer solubilities (+SE) measured as a function of SLS concentration, from which K
values were calculated.

ngggz?rllt [SLS] (mM) Concentration (mM)
CBZ 8 1.00£0.01
10 1.86+0.05
15 3.58+0.12
17 3.97+0.05
20 5.10£0.03
35 9.30£0.29
51 13.43+0.41
67 17.35+0.19
100 24.81+1.13
140 33.53+0.85
SLC, pH 3.0 35 34.01+0.46
52 43.44+0.97
69 50.32+0.63
SAC, pH 2.2 35 26.15+0.10
52 28.89+0.07
69 30.46+0.46

* 4ABA and SUC did not exhibit significant solubilization by SLS (K <0.010).
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