Supplementary Information
Derivation of equations (1) and (2)
For the process: P+ H" = PH’, the proton affinity (PA) is defined as: PA(P) = AH¢(P) + AH¢{(H") — AH{PH")

Similarly, for the process: P + Ca* > (P++=Ca*), the calcium affinity (Cau) is: Caqs = AH¢(P) + AH{(Ca’*) - AH{(Pes+Ca’")

1. P,eeeCa’'eesP, dissociating to P, + (P,***Ca’’) or to P, + (Py*++Ca*")
AH(P,seeCa’*eeeP;) > AHP; + AHP, + AH; Ca”" - Cau (P»)

AH(P;eeeCa’*eeeP,) > AHP, + AHP; + AH{Ca’ - Cau (Py)

Subtract:

A = ACay (P)

2. PyeesCa’’eesP, dissociating to P;H" + [(P,-H) ***Ca®'] or to P,H" + [(P,-H) e*sCa’’]
AH; [PyH"eseCa’"oee (P,-H) ] > AHF(PH") + AH[(P,-H) +++Ca”’]

AHg [P1H"seeCa’ ess (P,-H)] > AHF(P,H') + AH[(P1-H) esCa’]

or

AH; [PyH'eeeCa’ 00 (P,-H)] > AHP1+ AHH-PA(P,) + AH; (P,-H) + AHCa™*-Cayu[P,-H]

AH; [P,H"eeeCa’" 00 (P-H)] > AHP,+ AHH'-PA (P,) + AH{(P-H) + AHCa> -Ca,g [P1-H]

Subtract:

A = AHP1- AHP+ AH; (Po-H) - AH; (P1-H) - PA (P1) + PA(P,)- Cayg [Po-H] + Cagg[P1-H]

A = Cagg[P1-H] - Cazx[Po-H] - PA(P1)-PA (P,) + AH{P;- AH{P, + AH; [Po-H] - AH¢ [P1-H] ........... (a)
Also:

AH¢P= AH; (P1-H) + AHH™- PA [P4-H]

AHP,= AH; (P,-H) + AHH™ PA (P,-H)

Subtract:
AH; Py- AHP,= - (PA (P3-H)-PA (P,-H)) + AH¢ (P1-H) - AH¢ (P-H) (b)
Put (b) in (a):

A=Cayr (P1-H) - Cagsr (Po-H) - (PA(P1)-PA(P2))-(PA(P1-H) - PA(P2-H)) + AH¢ [Po-H] - AH [P1-H] - AH¢ (P1-H) + AH; (Po-H)



A = ACa [P-H] - APA(P) - APA (P-H)" (1)

3. (P4-2H)* eseCa”" oo (P,-2H)” dissociating to [(P;-3H)* +Ca’'] + (P,-H) or to [(P,-3H)> +Ca®*] + (P;-H)
AH; [(P1-H) eeeCa”" eee (P,-3H)>] D AH{(P;-2H)* +AHH" - PA(P1-2H)> +AH((P,-3H)> + AH{Ca”" - Cayg (P,-3H)™

AH{[(P,-H) eee Ca”" eee (P,-3H)*] > AH; (P-2H)* + AH; H' - PA(P,-2H)> + AH; (P1-3H)> + AH; Ca”" - Cayg (P1-3H)™

Subtract

A = AH; (P4-2H) - AH; (P,-2H)” -PA(P1-2H)” + PA (P,-2H)> + AH; (P,-3H)> - AH{(P1-3H)* - Cayy [P,-3H]® + Caue [Po-
3H]*

A =Cay[P1-3H]* - CaglP,-3H]™ + AH; (P1-2H)™ - AH; (P,-2H)™ + AH¢ (P,-3H)™ - AH¢ (P1-3H)™ (c)
Also:
AHy (P1-2H)” = AH¢ (P1-3H)” + AH¢H' - PA [Py-3H]”

AH{P,-2H)* = AH; (P,-3H)> + AH¢ H' - PA(P,-3H)*

Subtract:
AH; (P1-2H)” - AH; (P,-2H)” = AH; (P1-3H)* - AH; (P,-3H)>- PA[P,-3H]® + PA[P,-3H]> (d)
Put (d) in (c):

A = Cayg[P1-3H]” - Cau[Po-3H]* - (PA(P1-2H)™ - PA (P,-2H)*+ AH; (P1-3H)* - AH; (P,-3H)> - PA[P1-3H]® + PA[P,-3H] +
AH; (Py-3H)* - AH; (P4-3H)*

A = Cag[P1-3H]” - Cae[P,-3H]Y - (PA(P1-2H)” - PA(P,-2H)”)- (PA(P1-3H)* - PA(P,-3H)*

A = ACaw(P-3H)> - APA(P-2H)” - APA(P-3H)* (2)



