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Supporting Information.

Quadratic. A model of the reaction between analyte (G) and recognition moiety (H),
which has one set of binding sites, is as follows:

H+G = HG .~ Eql . |
The binding constants for this process can be expressed as a ratio of product over |
substrates:
«.. - HG] | |
19 HIIG] | Eq.2

The absorbance in this process is define by Beer’s Law (Eq. 3), where _; and _,; are
molar absorptivity of host-guest complex and host respectively, b is path length of light
through the sample and (HG] and [H] are the concentrations of host:guest complex and
host respectively.

A=¢,,;b[HG+¢,b[H] ' | Eq.3

The mass balances for this process are , |
[Hl; = [HG] + [H] ~ Eq.4
[G)r = [HG] + [G] : Eq.5

It is desired that binding isotherms for every process which is based on this assumption
are drawn we need to know how to calculate the host:guest [HG] and guest 1G]
concentration. Flrst, we have to multiply both sides of Eq.2 by [H][G] to give:

Ky[HI[G] = [HG] ~ Eq.6

Solving both Eq.4 for [H], and Eq.5 for [G] and substltutmg into Eq.6 gives the
followmg expression, Eq.7. .

- Kye([H-[HGIYIGhL-[G)) = [HG] Eq.7
Expanding the terms to the left of the equation, yields Eq.8.. '
‘KHG[H]T[G]T‘KHG[HG] [H}-KuIHGlG1+Ky[HGT” = [HG) ~ Eq8

Setting the equation equal to zero and combining the linear terms now provides the
quadratic function below:

- KyoHGT-[HGI(Kyyo[Hh+Kyo G+ 1)+Kii6[H[G1=0. Eq.9
Solving the quadratic equation gives two pbssible values for [HG]:
. -[HG]1=[+(KH0[H]T+KHG[G]T+1)+\[ [—(Kﬂc[H]T+KHc[G}r+1)24KH02[H]T[G]f]]/2KHG
[HGL=[+(Kic[Hh+Kic[Gh+1)-V] [—(KHG[H]T‘+KHG[G]T+1)24KHG2[1{]T[GL]]/2KHG-
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Substituing these values into equation 4 enables us to calculate the host concentration.
Based on these calculations ((HG] and [H]) we are able to simulate the binding isotherm
plot for the host-guest binding process.

Cubic. A model of the indicator displacement reaction is as follows:
HI+G ==HGH : Eq.10

The binding constant for the indicator displacement assay can be expressed as the ratio of
the concentrations of products over the concentration of substrates (Eq.11)

[HI][G] Eq.11

The total concentrations of each species give us our mass balance equations for each
process (Eq.12, Eq.13, Eq.14). ’

[H1, = [H] + [HG] + [HI] - Eq.12
 [Gh=[HGI+[G] - Eq.13
[l = HI} + [1] Eq.14
The following two equilibria occur during this process: .
H+I == H '_‘ | . Eql5
H+G==HG | Eq.16 | I

The binding constant for process in Eq.16 can be ‘expressed as ratio of the products over
reactants thus affording the binding constant K;;; as depicted in Eq.2.

Konom [HG]
¢ HI[G] Eq2
The absorbance in an indicator displacement assay is again defined by Beer’s Law
(Eq.17) where &, and ¢, are the molar absorptivities of the host:indicator complex and the
free indicator respectively, b is the path length of light through the sample, and [HI] and
[I] are the concengrations of the host:indicator complex and the free indicator
respectively. : ' .

A = ,b[HI| + eb[1] R | " Eq.17

Solving équations 13 and 14 for [G] and [I]’resbectively and incorporating the solutions
into Eq.11 gives Eq.18. , '

« [HGI[I-[HI) |
[HI(GH-HGD  Eqs
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Solving Eq.18 for [HI] provides Eq. 19.

___ MGk
I THGI0K)+KGHr B9
Solving equation 12 and 13 for [H] and [G] respectively and subsﬁtuting into Eq.2 gives
Eq.20.
| [HG]
Kue=
Y (Hl-[HGHHID(G)-[HGD ~ Eq20

Multiplying each side of Eq.20 by (H}-[HG]-HI)(IG}-[HG]) and substituting Eq.19in
for the term [HI], provides Eq.21.

(HG][y
- [HGJ(-KHK([Glr

KHG([mT-([HGl- )([ J-[HG])= [HG]

Eq.21

Now Eq.21 must be solved for [HG]. The left side of the equation is multiplied by a
common denominator for all fractions that gives Eq.22

[Hir([HGI(1- K)+K[G]T) -[HGI([HG](1-K)+K[Glp)- [HG][I]T
K - Pl
( [HG](1 -KK[G}y )([G]T [HG]) [HG]

Eq.22

~Multiplying each side of the equation by [HG](I—K);FK[G]T, yields Eq.23 . .
Kuo((HLHG](1-K+K[H}[G]-[HGT(1-K)-KHGIG h-[HGII} (G- [HGD) =
[(HGI([HG](1-K)+KI[Gl]p) L Eq.23
Expending the terms to the left of the equal sign gives Eq.24.
KHG[H]T[HG][G]T(I-K)'*'KHGK[H]T[G]T 2-Kug[GIt[HG] (I'K)‘KHGK[HG][G]T -
Kuc[HGTh[Gl-Kus[H}:[HG] 2(1-K)-KucK [H}[GIr[HG}+Kuc[HGP (1-K)+
KHGK[HG]2[GIT+KHG[HG]2[I]T
= [HGP(1-K)+K[HG){G}r ~ Eq24

Setting the equation equal to zero and combining line terms now provides the cubic in

Eq.25
Kuo(1-K)[HGP+
_ (KHGK[G]ﬁKHG[I]T-(l “K)-Kaio[GH{1-K)-Kuo[HIr(1-K)[HG+
(Kug[HI{GI(1-K)-KucK[G ]T2+KHG[I]T[G]T'KHGK[I{]f[G]T-K[G]T) [HG}+
KoK (Gl =0 Bq.25
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Then, we solve the cubic equaﬁon'by the method of Viéte.
[HG}],= Temp*cos(®/3)-S/3T
[HG,= -Temp*cos((®+m)/3)-S/3T
- [HGL= -Temp;"cos((tb—n)/?))-SBT

) 3
QP
(4 *27 <0

T=Kig(1-K)
S = (KucK[GIr+Knua[r-(1-K)-Ka6[GIr(1-K)-Kra[Hlr(1-K))
F = (Kuc[HIr{GI1(1-K)-KneK[Glr*+Kua[]r[Glr-KncK [H]r[Gl-K[G]r)
| N = KuoK [HIGl -

(@)

if

where
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