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Derivation of equation 9:

From the text:
kZ
Ru3™ —products )
In the presence of WOC four oxidative equivalents of Ru*" are used to oxidize water in eq 3.
k3
4R +2H,0>4Ru*T +0, + 4HY 3)

The simplified mechanism of catalytic water oxidation is given in eqs 4-8:
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RuBT + cat(1) SRu*t + cat(2) (5)
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RuBT + cat(2) > Ru*t + cat(3) (6)
ks
RBY + cat(3) = Ru*t 4+ cat(4)
k-7 (7
kS
cat(4) + 2 H,0 - cat(0) + 0, + 4H™ ®)
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where “i” in cat(i) is the number of electrons removed from the resting oxidation state of a catalyst. The first three reactions are assumed to
be fast and the [cat(0)], [cat(1)], [cat(2)], [cat(3)], [cat(4)] to be steady state. Under these assumptions and taking into account the mass
balance for total catalyst concentration [cat] the rate law of Ru** consumption is in eq 9...

-d[Ru**] _ [Ri3+] + 4k, [Ru’ " ][cat]
dt 2 (ko[Ru*™ T+ k 5[Ru*T] + k) (g

Derivation of equation 9:

—d[Ru3T _ 3+ 3+ 3+ 3+ 3+ 2+
—[Ht—l =ky[Ru” T | + ky[Ru® T ][cat(0)] + kg[Ru® T |[cat(1)] + kg[Ru’ T |[cat(2)] + k,[Ru” T |[cat(3)] - k _,[Ru” " |[cat(4)]
(81)

Steady state condition with respects to cat(i):
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i = 1; ky[cat(0)][Ru*] = ks[cat(1)][Ru*"] (S2)

i = 2; ks[cat(1)][Ru?*] = ke[cat(2)][Ru**] (S3)
i = 3; ke[cat(2)][Ru*] — ky[cat(3)][Ru3*] + k.s[cat(4)][Ru2*] = 0; (S4)
i = 4; ky[cat(3)][Ru™] - ks[cat(4)][Ru] — kg[cat(4)] = 0 (S5)

From these eqs, we obtain:

ks[cat(4)] = ke[cat(2)][Ru*], ke[cat(2)][Ru**] = ks[cat(1)][Ru**] = kq[cat(0)][Ru’*] (S6)
thus,

—d[Ru’"] _ k [Ru3 l+k [Ru3 lcat(3)] -k [Ru2 *lcat(4)] + 3k [Ru3 *lcat(4)]

—dr 7 -7 8

(87)

The mass balance with respect to the catalyst gives:

[cat(O)](l + kF: + %)

6/ + [cat(3)] + [cat(4)] = [cat] (S8)
where
k, o ks ~1
ks ™ kg (S9)
Eq S6 can be re-arranged to:
[cat(0)] = [cat(4)]( Ko )
RS (S10)

If the reactions 4-6 are fast, or kg << k4[Ru’'], then [cat(4)] >> [cat(0)], [cat(4)] >> [cat(1)], and [cat(4) ] >> [cat(2)]. In this case the mass balance in
eq S8 is simplified to:

[cat(3)] = [cat] — [cat(4)] (S11)

Inserted into eq S4 from above gives:

ko[cat(3)][Ru*] = k[cat(4)][Ruz"] + ks[cat(4)] (S12)

ks([cat] — [cat(4)])[Ru’"] = k;[cat(4)][Ru?] + kg[cat(4)] (S13)
3+

(cat(4)] = k;[Ru® ™ |[cat]

(s [REF ]+ k_,[RUET] + kg)
(S14)

Inserting this into eq S1:

i[gfﬂ = ky[Ru3 ] + ke [Ru® | ([cat] - [cat(#)]) - k _,[Ru? ¥ |[cat(4)] + 3kg[Ru®*][cat(4)]

(S15)

%fﬂ = kZ[Ru3 1+ k7[Ru3 *lcat] - k7[Ru3 lcat(4)] -k _ 7[Ru2 *lcat(®)] + 3k8[Ru3 *lcat(4)]

(S16)

—d[Ru*t]_ 3+ 3+ B 3+ ke [Ru® *][cat] _ 2+ ke [Ru® ][ cat] 3-
T_kZ[Ru ]+k7[Ru ][Cat] k7[Ru ] (k7[Ru3+]+ k_7[Ru2+] + ky) k—7[Ru ] (k7[Ru3+]+ k_7[Ru2+] + kg) + 3k8[Ru

(S17)

Rearrangement of eq S17 produces eq S18 (which is eq 9 from the text):



—d[Ru®*] kg, [Ru ¥ |[cat]

_ 3+
ar— = falRe 7]+ (o [RI3F |+ k_[RET] + kg)
(S18)



