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Chemical Features and Distribution of Na*, K*, Ca?* y Mg?*.

Property Na* K+ Ca?* Mg?*
lonic radius (A) 1,02 1,33 1.00 0.72
Relative value g/r (K*=1) 1.30 1,00 2,66 3,70
Preferred coordination number 6 6-8 6-8 6
Hydration energy (kJ mol) 412 337 1516 1890
Preferred donor atoms O @) O O,N
Concentration (mM) Na* K* Ca?* Mg?*
Human Erythrocytes (Intracelular) 11 92 104 2,5
Blood Plasma (Extracelular) 152 5 1,5 1,5
Interior of the squid nerve 10 300 5x10 7
Exterior of the squid nerve 440 22 10 55



Biochemistry of the alkali and alkaline earth metal ions
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“*The membranes allow the selective flow of certain substrates. The concentration gradient
and the flow of substrates between inside and outside is maintained by the performance of
pumps and channels.

“*Membranes control the flow of information between cells and their environment.



Biologic Ionophores
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Moderador
Notas de la presentación
Ionophores are molecules that facilitate ion passage in or out of cell membranes. Ion carrier: A substance that can transfer ions from a hydrophilic medium, such as water, into a hydrophobic medium, i.e a biological membrane, where the ions typically would not be soluble. They can do this by binding to particular ions and acting as a mobile carrier, escorting them through the hydrophobic environment of cell membranes, or they can form ion channels. Ion channels form pores in membranes through which ions can pass. There are several types of ion channels, each regulated by various mechanisms designed to allow only certain ions to flow into and out of a cell and only at certain times.
Ion channels are named by their ion selectivity and by their opening/closing mechanism, which is also known as gating. Voltage-gated and ligand-gated ion channels are the most abundant and well-studied gating mechanisms, but there are also light-gated channels, mechanosensitive channels, second messenger channels, and others. Although there are some non-selective ion channels, most ion channels are selective for particular ions, allowing only ions of particular size and charge to pass through.
All endogenously present ions pass in and out of cell membranes via ion channels including calcium, potassium, sodium, chloride, and hydrogen protons. In the human body ionophores are closely connected with functions ranging from digestion to mental health. Ionophores are used for diagnostic radioimaging, they are components of many pharmaceuticals, and are used widely in research to increase or decrease ion concentration in solution.
The ions transferred are usually metal ions, for example, lithium (Li+), sodium (Na+), potassium (K+), magnesium (Mg2+), and calcium (Ca2+); but there are ionophores that promote the transfer of other ions, such as ammonium (NH4+) amines other compounds of biological interest.



Valinomycin
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K*-Valinomycin

B. G. Cox, H. Schneider, “Coordination and Transport Properties of Macrocyclic Compounds in Solution”,
Elsevier, Amsterdam , 1992.



K™ transport through membrane
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Biochemistry of alkali and alkaline earth ions

Active Transport Passive Transport

Difusion  Difusion facilitada
% The transport can be divided into passive and active as it occurs associated with favorable or
unfavorable AG values, that is, for or against a concentration gradient.

“ For a charged species: AG = 2.303RTlogCg/C + zFAV

+ If we consider concentrations of extra and intracellular Na* 152 and 11 mMand T = 310 K AV =
-70 mV, the energy for the passage of these ions from the inside out is +13.5 kJ mol-1. For [K +] i
=92 mM and [K*], = 0.75 kJ mol- from inside to outside.
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Passive Transport
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%+ Passive transport describes processes that occur in favor of a concentration gradient.

’0

» This transport is carried out by transmembrane alostéricas proteins called channels
that have opening devices based on:

1) electrical stimuli
I1) chemical stimuli (effectors)
1i1) mechanical stimuli

“ By compounds of discrete molecular mass included in the organic phase that can act
as ionophores..
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Abiotic Macrocycles
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Crown Ether Synthesis
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Akali metal ions (Spheric lons)

M* (aq) + L (aq) >ML*+ nH,0

R(A) -AG° (KJ mol?)

0.60 511

0.90 411 < Hard acids
«*Preference for O versus N

1.33 337 *»Competition with the solvent
+*Weak interactions
«*Non-directional bonds

1.48 316

1.69 284




Factors that affect stability

» Relationship between the size of the cavity and the metal ion
“* Number and type of donor atoms
“+ Solvent

“* Number and type of chains. Molecular topology



Selectivity

40 7 -Ba“
logK
35 2.5 T .
K
2 _
30 -
+
Sr2t ¥ 157 Na" Rb
(@)]
25 - 2 1
Cs"
20 JK* 05 Li*
0
5 e 0 0.5 1 15 2
d.ion /d. cavidad
10 +Cs*
Na*
24
05 +Ca : -
07 1.0 1.3
de 16n/d. cavidad

[M(H,0)]* +L & [ML] ™+ nH,O



Log K

! ! ! ! 1

1 ! 1 1
L2 L3 14 15 18 LT

lonic Crystal Radlus of Cation (A)

06 07 08 Q3 WO 4

Fig. 1. Plot of log X vs cation radius for the reaction in aqueous solution, M"+ 4L =

MLA+ where L = dicyclohexyl-18-crown-6, isomer A (@), dicyclohexyl-18-crown-6
isomer I (M), or 15-crown-5 (A). T =25° (4, 74) :
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18-crown-6

[18]corona-6 [K([18]corona-6)]*

KF is soluble in benzene in the presence of 18-crown-6



Size of crown ther vs crystallographic radius alkali ions

Diameter (pm) Cyclic Cavity Diameter
lon Polyether (pm)*
14-corona-5 120-150
Na* 190 15-corona-5 170-220
K* 266 18-corona-6 260-320

o* Obtained from models and crystallographic data.

Ligand Na* K+ Ag*

18-crown-6 0.3 2.1 1.6

15-crown-5 0.7 0.7 0.9



Size of the cavity and solvent
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Size of the cavity and solvent

Logarithm of the stability constant of the metal complexes
with 18-crown-6 and with the 19-crown-6 and 20-crown-6
derivatives determined in methanol at 25 ° C.

\
4.36 6.10 5.35 4.61

<0.8 1.8;1.65 1.4 0.8

Rappresentazione schematica della orientazione dei dipoli degli
~ atomi donatori nei complessi di K* corn 18-corona-6 e con un 20-
corona-6 sostituito.
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Type of donor atom

.log K values for
M + L = ML (L = 18-crown-6).

A B K*a
O O 6,10
NH O 3,90

NH NH 2,04

S S 1,15

a) Data in methanol.



MOST COMMON STOICHIOMETRIES AND PROBABLE
STRUCTURES OF CROWN ETHER COMPLEXES WITH ALKALI
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The synthesis of these compounds consists of hot dissolving the salt of the metal ion and the ligand in an
appropriate non-aqueous solvent; when allowed to cool, the precipitation of the appropriate complex occurs
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Crown Ether Structure

STRUCTURE OF COMPLEXES WITH 1: 1 M/L STOICHIOMETRY
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Cryptand Synthesis
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Cryptand Conformation

[2] CRYPTAND CONFORMATION

Structure of cryptand 222 Structure of bisborohydride derivative C 222
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Cryptand Stability

Ligando | Cavidad Li* Na* K* Rb*
(A) (0,60 A) | (0,95A) (1,33 A) (1,48 A)
LogK . +
2.1.1 0,8 4,30 2,80 <2 <2
2.2.1 1,15 2,50 5,49 3,95 2,55
2.2.2 1,4 <2 3,90 5,40 4,35
3.2.2 1,8 <2 <2 2,2 2,05

logK values for the formation of cryptand complexes determined in aqueous medium,
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Estrutura de lor can/o&/‘af A cz;‘a‘faudo LZ24 con K+‘j RE-;

Cryptate Structure

4n§ub de hin'én (M-c-c.“-o ) = 54 __ :
d (K- V)c2atpm
d (k. 0) =212 pm




Distances between bridgrhead nitrogen atoms
and torsion anglesNC-CO in [M(2.2.2)]* cryptates

d (pm) [Na(2.2.2)]* [K(2.2.2)]* | [Rb(2.2.2)]" | [Cs(2.2.2)]*
d (N-N) 550 575 600 607
d (M-O) 257 287 288 296
d (M-N) 272 287 299 302
Mean
angle 44.8 54.3 57.0 71.2

NC-CO




Macrocyclic Effect

Thermodynamics of the formation of metal complexes of cyclic and non-cyclic polyethers at 25 ° C in 99 wt,% methanol.

H (Kcal molt) | (Kcal mol?)

(0 OH \ K* 2.05 -6.37 -3.57

boy Ba?* 3.96 6.71 -1.31
[

CHy Na 1.0 -9.14 7.7

( K* 2.27 -8.16 -5.06

0 oo, T Ba?* 251 -5.64 -2.22

pOﬁ Nat 4.33 8.1 -2.20
( j / K+ 6.05 113.2 -4.96

Ba?* 7.0 -10.18 -0.83

) O
K/O\) ML acyclic + L cyclic 5 ML cyclic + L acyclic
AG®* S -RTlnK <0



Cryptate Effect

Equilibrium constants (in 95 Vol. 7% Methanol at 25 ° C) of the reaction of metal ions with macrocyclic and

macrobicyclic ligands of similar structure.
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Transport
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Transport through liquid membranes

4-step cyclic process
1) Association of the transported species and the transporter (carrier).
i)  Diffusion of the complex towards the receiving phase.
1i1) Dissociation of the complex.

Iv) Back-diffusion of the transporter to the source phase.

{‘;:_‘-,_‘_--..-I._&:_—-:-.-.‘:‘.-:—}‘nf'é;,‘—.;k-;;—;g.":=ws'.*&“l‘!-',‘rﬁ'l

This process represents a mechanism of physical catalysis that effects the transfer of a
substrate analogously to the chemical catalysis that effects the transformation of a substrate
into products. The "carrier" is the transport catalyst and the complex the active species.



Biochemistry of alkali and alkaline earth ions

1) Solubility of the carrier and the complex

i) Stability of the complex in the organic phase
B I i) Conveyor concentration
iv) Counters used

v) Diffusion

Sustrato (M")

vi) Contact surface between phases

CHC1

3 vii) Concentration gradient between the source and

Transportador

Serrrdrrest receiver phases

Moléculas transportadas
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Dependence with the stability constants
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TABLA: \elocidad de transferencia para algunas sales de Li*, Na*, y K* con el DB18C6 y el

TBUTILB15CS.

-The transport speed is maximum for any cation in the presence of the anion I- followed by

Br, Cl-, and F-.

- The transfer rate is higher in the presence of large anions than small anions. The
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explanation is in the differences of hydration energies in the aqueous phase.



Variation of the transport rate of K* through a CHCI; membrane containing

DB18C6 as a function of the anions present
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Cs 4.4 log K en MeOH
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Selective assisted transport of K* and Ca?* through a membrane by a functionalized
crown ether, coupled to a proton transport and pH gradient.
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Assisted transport of K* through a membrane by a crown ether, coupled to an
electron transport and a redox potential gradient.

Aqueous Phase

K,S,0, — 2SO, + 2e + K*

Membrane
+
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|
Y

2K+ + 2e- + 2K,[Fe(CN),] — 2K, [Fe(CN),]

Aqueous phase
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Este material docente ha sido elaborado en el marco de una convocatoria de ayudas para el
desarrollo de proyectos de innovacién educativa y mejora de la calidad docente (convocado
por el Vicerectorat de Politiques de Formacié i Qualitat Educativa de la Universitat de
Valéncia, en el curso 2017-2018). Cédigo: UV-SFPIE_RMD17-725369

Estas diapositivas forman una parte del contenido docente de la asignatura "Quimica
Inorgdnica Avanzada” del Mdster Universitario en Quimica.
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