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In our simulations we indeed simulated adsorption of a

neutral OH group on the surface of Cu. In our Letter we

state explicitly that we simulate a pure Cu surface, OH, and

a Cu surface with OH. We regret that the authors of the

Comment got the impression that we simulated OH-

adsorption. They argue that OH is extremely rare in water

and, therefore, is not valid to corrosion. We beg to differ. If

the formation of CuOH—in whatever structural form it

might appear—is thermodynamically favourable, the sys-

tem will end up in that state. The concentration of OH will

be maintained by the removal of H. Whether the access to

the surface will be promoted by structural changes (at the

nanoscale, for example) remains an open question. How-

ever, the stability of CuOH as computed in our paper is

clear and complies with all the rules of thermodynamics,

including the first law. There can be many other CuOH

structures that are not stable in relation to copper oxide and

water, one of which is shown by the authors of the Com-

ment. However, it is enough that just one is stable, and we

have shown that such a possibility does exist. Of course,

when the concentration of particles is low and formation of

structures with an abundance of surface is needed, the

kinetics of corrosion might be slow. This is when experi-

ment tells us about the kinetics. The possibility of

corrosion is, however, in full compliance with the existing

thermodynamics and therefore we see our simulations as

meaningful in the context of the current discussion. Of

course, any theoretical work, like a simulation, is only

meaningful if compared to valid experimental results and

can hardly be of any persisting value without any agree-

ment in such a comparison.

Liquid pure water is obviously overall neutral with a

defined ion product of H? and OH-. (In extended exposure

has been found that the equilibrium hydrogen pressure in

copper corrosion in anoxic distilled water has the same

temperature dependency as the ion product.) Due to this

ion product there is then a possibility for a red-ox couple

via formation of Cu–H and Cu–OH bonds and it is natural

to estimate the energy involved in formation of CuOH. We

have attempted to do just that in our simulations. Also,

private communication with P. Thiel following the publi-

cation of ref. 1 confirmed that there was a printing error in

the paper and that a Cu–OH bond is favoured over a Cu–O

bond. Moreover, it is clearly concluded in that early

compilation of results from studies of water reactions on

solid surfaces [1] that copper is a border line metal and

shows a pronounced structural sensitivity with different

reactivities among different crystal planes. This actually

indicates the possibility of ‘‘localised’’ copper corrosion.

The influence of sulphur on copper has been studied

earlier in connection with removal of Cu from CuAu alloys

[2]. In that study it was also found that no corresponding

removal of Ag from AgAu took place. The sulphides of

both copper and silver are insoluble in water but only

CuAu forms an exclusively Au-containing surface [3] in

the absence of S but also in low S-containing exposures [2].

In that early study of gold-containing alloys it was con-

cluded that Cu is removed via other corrosion routes which

are in parallel to formation of copper sulphides. Therefore,
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it is most unlikely that the thinning of the coin in the

photograph in Fig. 3 is due to the presence of sulphur. The

thinning of the coin in this figure is about 2 mm but is not

used in Fig. 4 in our letter in Catalysis Letters where a

somewhat lower corrosion rate (corresponding to a thin-

ning of 1.1 mm and a thickness of 1.4 mm) is used for the

corrosion statistics of 1-öre Wasa-coins. At the time of

striking of these coins, 1627–1628, they were approxi-

mately 2.5 mm thick. The variation in thickness of some

coins was originally documented in 1984 [4]. Although the

long time exposure of 333 years has taken place naturally

without knowledge of the exact water chemistry it is

interesting and striking that this long time exposure can fall

on the same line as that defined by shorter exposures in

distilled water in spite of the uncertainties involved (Fig. 4

in our letter).

In a publication [5] from 1965 entitled ‘‘Corrosion on

the Warship Wasa’’, it can be seen that 3,415 copper coins

had been found and studied at that time. The average

corrosion rate, in the lm/year-range, coincides perfectly

with our published data. Coins from the upper gun deck

and from the hold were examined separately and it was

concluded that the copper corrosion rate was more than

four times higher at the hold. Those coins, embedded some

few meters deeper down in the sediment, should have

experienced less effect from the latest 100 years of pollu-

tion and potential corrosion effects of sulphur, nevertheless

they corroded more.

In the referred paper [6] written by Mattson 1959, it is

stated on page 74 that the dominating corrosion product on

the Wasa-cannon was copper oxide; 72%. In Table 5 on the

same page it can be seen that the sulphur content was

measured to 1.2–6% on different cannons, thus indicating

that sulphide had not contributed to the overall corrosion in

a significant way.

In summary we find that the Comment by Werme and

Korzhavyi does not detract from our conclusion that water

can corrode copper. We also find it relevant to state that the

corrosion of copper under our experimental conditions is

accompanied by the evolution of hydrogen, which has also

been detected by mass spectrometry.
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