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We investigated by Mdssbauer spectroscopy the ink composition of a missel
manuscript dated from 1469 which belongs to the library of the Protéstant Consis-
tory of Colmar, France. Some of the paper sheets of this manuscript are very much
damaged, as a consequence of the decomposition of the inks used in writing. The
black ink used in the manuscript is of the ferro—galllc type. According to an-
cient recipes such typesofldkswereprepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

M3ssbauer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percautoge
of absorption was found to be between land 3%.

From 295K to 30K ghe ahsorgtlon spectrum exhibits two quadrupole enllit
.blets, arising from Fe“” and Fe”  ions, whose relative pro ortlone are rispo
vely 45 and 55%. At 1.4K the component arising from the Fe‘* ioms is split,
a single magnetic hyperfine pattern from which all hygerflne parameters were de-
rived by computer fitting. At this temperature the Fe°+ fraction is present as a
quadrupole split doublet and a Zeeman sextet. The Fel* jon magnetic hyperfine in-
teraction vanishes at about 20K, which is thus the magnetic ordering temperature
of the corresponding phase. The ratio (Fe3* magnetic)/(Fe3* total) goes from 417
at 1.4K to 207 at 10K and decteases slowly at hlgher temperatures. At 4.2K an ex~-
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the corresponding magnetic moments. These results show that the
Fe-* ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fe‘” ions has been identified as ferrous oxalate
FeC204, 2H,0. The presence of oxalate is particularly interesting since it is pro-
bably connected to the degradation of parts of the manuscript.

We have also investigated by M3ssbauer spectroscopy and X-ray diffraction

inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

T(K) contributions IS (mm. s~1) QS (mm s~1) th(Koe) P&
. 3+
295 paramagnetlc:Fe2 0.27 0.59 — 55
paramagnetic Fe * 1.08 ~-1.73 e 45
paramagnetic Fe3* 0.41 0.68 — 2.2
1.4 magnetic Fe3* 0.42 — 535 | 22.7
magnetic Fel* 1.23 -2.04 150 | 45.1

Fitted hyperfine parameters for the ink of the manuscript.
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We investigated by M&ssbauer spectroscopy the ink composition of a missel
manuscript dated from 1469 which belongs .to the library of the Protestant Consis-
tory of Colmar, France. Some of the paper sheets of this manuscript are very muck
damaged, as a consequence of the decomposition of the inks used in writing. The
black ink used in the manuscript is of the ferro-gallic type. According to an-
cient recipes such typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

M8ssbauer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be between land 3%.

From 295K to 30K the absorgtion spectrum exhibits two quadrupole split dou-
blets, arising from Fe2* and Fe3* ions, whose relative proportions are respecti-
vely 45 and 55%. At 1.4K the component arising from the Fe4t ions is split, givir
a single magnetic hyperfine pattern from which all hyperfine parameters were de-
rived by computer fitting. At this temperature the Fe3+ fraction is present as a
quadrupole split doublet and a Zeeman sextet. The Fe2* ion magnetic hyperfine in-
teraction vanishes at about 20K, which is thus the magnetic ordering temperature
of the corresponding phase. The ratio (Fe3* magnetic)/(Fe3* total) goes from417
at 1.4K to 207 at 10K and decteases slowly at higher temperatures. At 4.2K an ex-
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the corresponding magnetic moments. These results show that the
Fe3* ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink
The phase containing the Fe?¥ ions has been identified as ferrous oxalate
FeCy0,, 2H,0. The presence of oxalate is particularly interesting since it 1s prc
bably connected to the degradation of parts of the manuscript.

We have also investigated by MOssbauer spectroscopy and X-ray diffraction
inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

T (K) contributions 1S (mm s—]) QS (mm s_l) th(Koe) P&)
. 3+
295 paramagnetic :Fe 0.27 0.59 —_ 55
paramagnetic Fe2+ 1.08 -1.73 —_ 45
paramagnetic Fe3+ 0.41 0.68 — 22.2
1.4 magnetic Fed* 0.42 — 535 | 22.7
magnetic FeZ*t 1.23 -2.04 150 | 45.1

Fitted hyperfine parameters for the ink of the manuscript.
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We investigated by Mdssbauer spectroscopy the ink composition of a missel
manuscript dated from 1469 which belongs .to the library of the Protéstant Consis=-
tory of Colmar, France. Some of the paper sheets of this manuscript are very much
damaged, as a consequence of the decomposition of the inks used in writing. The
black ink used in the manuscript is of the ferro—galllc type. According to an-
cient recipes such typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

Méssbauer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be between 1and 3%.

From 295K to 30K the absorgtlﬁﬂ spectrum exhibits two quadrupole split dou-
‘blets, arising from Fe?* and Fe3* ions, whose relative progortions are respecti-
vely 45 and 557. At 1.4K the component arising from the Fe<® ions is split, giving
a single magnetic hyperfine pattern from which all hygerfine parameters were de-
rived by computer fitting. At this temperature the Fe3*+ fraction is present as a
quadrupole split doublet and a Zeeman sextet. The Fel* jon magnetic hyperfine in-
teraction vanishes at about 20K, which is thus the magnetic ordering temperature
of the corresponding phase. The ratio (Fe3* magnetic)/(Fe3* total) goes from4lZ
at 1.4K to 207 at 10K and decteasses slowly at hlgher temperatures. At 4.2K an ex-
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the corresponding magnetic moments. These results show that the
Fe** ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fe ions has been identified as ferrous oxalate
FeCy0,, 2H,0. The presence of oxalate is particularly interesting since it is pro-
bably connected to the degradation of parts of the manuscript.

We have also investigated by Mdssbauer spectroscopy and X-ray diffraction
inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

!
T{K) contributions 1S(mm s 1) QS{(mm s 1) Hy (Koe) &) !
. 3+ o
295 paramagnetic :Fe 0.27 0.59 — 5% i
paramagnetic re?* 1.08 -1.73 — L5 §
: 5
paramagnetic Fe3+ 0.41 0.68 — 2.7 |
1.4 magnetic Fed+ 0.42 — 535 22.7
magnetic Fel* 1.23 ~2.04 150 | 45.1

Fitted hyperfine parameters for the ink of the manuscript.
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We investigated by Mdssbauer spectroscopy the ink composition of a missel‘
manuscript dated from 1469 which belongs to the library of the Protéstant Consis—-
tory of Colmar, France. Some of the paper sheets of this manuscript are very much
damaged, as a consequence of the decomposition of the inks used in writing. The
black ink used in the manuscript is of the ferro-gallic type. According to an-
cient recipes such typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

M&ssbauer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be between land 37.

From 295K to 30K the absorgtlon spectrum exhibits two quadrupole split dou~-
blets, arising from Fe‘t and Fe”* ions, whose relative progort1ons are respectz—
vely. 45 and 55%. At 1.4K the component arising from the Fe‘* ions is split, giving
2 single magnetic hyperfine pattern from which all hygerflne parameters were de-
rived by computer fitting. At this temperature the Fe’* fraction is present as a
quadrupole split doublet and a Zeeman sextet. The Fel* jon magnetic hyperfine in-
teraction vanishes at about 20K, which is thus the magnetlc ordering temperature
of the corresponding phase. The ratio (Fe3* magnetic)/(Fe3* total) goes from4l?
at 1.4K to 207 at 10K and ded%ease;slowly at hlgher temperatures. At 4.2K an ex-
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the corresponding magnetic moments. These results show that the
Fe>* ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fe“” ions has been identified as ferrous oxalate
FeC30,, 2H,0. The presence of oxalate is particularly interesting since it is pro-
bably connected to the degradation of parts of the manuscript.

We have also investigated by Mdssbauer spectroscopy and X-ray diffraction

inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

T(K) contributions 1S {(mm s‘l,) QS (mm s~l) th(Koe) P&)
. 3+ 0 55
295 paramagnetic :Fe 0.27 .59 —
paramagnetic Fe2+ 1.08 -1.73 e 45
paramagnetic Fe3+ 0.41 0.68 — 12,2
- 1.4 magnetic Fel* 0.42 — 535 22.7
magnetic Fel* 1.23 -2.04 150 | 45.1

Fitted hyperfine parameters for the ink of the manuseript.
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We investigated by MSssbauer spectroscopy the ink composition of a missel
manuscript dated from 1469 which belongs to the library of the Protéstant Consis—
tory of Colmar, France. Some of the paper sheets of this manuscrlpt are very much
damaged as a consequence of the decomp051t10n of the inks used in writing. The
black ink used in the manuscript is of the ferro—galllc type. According to an-—
cient recipes duch typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

Mossbauer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be betw.en land 3%.

From 295K to 30K the absorgtlon spectrum exhibits two quadrupole split dou-
‘blets, arising from Fe?* and Fe>* ions, whose relative progortions are respecti-~
vely 45 and 55Z. At 1.4K the component arising from the Fe‘™ ions is split, giving
a single magnetic hyperfine pattern from which all hygerfine parameters were de—
rived by computer fitting. At this temperature the Fe3* fraction is present as a
quadrupole split doublet and a Zeeman sextet. The Fel* jon magnetic hyperfime in-
teraction vanishes at about 20K, which is thus the magnetlc ordering temperature
of the corresponding phase. The ratio (Fe3* magnetic)/(Fe3* total) goes from4lZ
at 1.4K to 207 at 10K and ded?ease;slowly at hlgher temperatures. At 4.2K an ex~
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the corresponding magnetic moments. These results show that the
Fe>* ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fe“" ions has been identified as ferrous oxalate
Fe0204, 2H,0. The presence of oxalate is particularly interesting since it is pro-
bably connected to the degradation of parts of the manuscript.

We have also investigated by Mdssbauer spectrescopy and X~ray diffraction

inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

T(K) contributions I8 (mm svl) QS (mm shi) th(Koe) P&
. 3+
295 paramagnetic :Fe 0.27 0.5% —— 55
paramagnetic Fez+ 1.08 -1.73 o 45
paramagnetic Fe3+ - 0.41 0.68 —_— 32.2
1.4 magnetic Fe3* 0.42 _— 535 | 22.7
magnetic Fe2* 1.23 ~2.04 150 | 45.1

Fitted hyperfine parameters for the ink of the manuscript.
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We investigated by Mdssbauer spectroscopy the ink composition of a missel.
manuscript dated from 1469 which belongs to the library of the Protéstant Consis—
tory of Colmar, France. Some of the paper sheets of this manuscript are very much
damaged, as a consequence of the decomposition of the inks used in writing. The
black ink used in the manuscript is of the ferro-gallic type. According to an-
cient recipes such typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

M&ssbauer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be between land 37%.

From 295K to 30K the absorgtlon spectrum exhibits two quadrupole split dou~
‘blets, arising from Fe?* and Fe ions, whose relative progortlons are respect1—
vely 45 and 55%. At 1.4K the component arising from the Fe“* ions is split, giving
a single magnetic hyperfine pattern from which all hygerflne parameters were de-~
rived by computer fitting. At this temperature the Fe * fractiom is present as a
quadrupole split doublet and a Zeeman sextet. The FeZ* ion magnetic hyperfipe in~
teraction vanishes at about 20K, which is thus the magqetlc ordering temperature
of the corresponding phase. The ratio (Fe3+ magneflc)/(Fe * total) goes from4l7%
at 1.4K to 207 at 10K and decteases slowly at hlgher temperatures. At 4.2K an ex-
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the corresponding magnetic moments. These results show that the
Fe-* ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fe“" ions has been identified as ferrous oxalate
FeCy0,, 2H,0. The presence of oxalate is particularly interesting since it is pro-
bably conmnected to the degradation of parts of the manuscript.

We have also investigated by MOssbauer spectroscopy and X-ray diffraction

inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

T(K) contributions IS{mm s-l) QS (mm sbl) th(Koe) P&
295 paramagnetic:l-‘e3+ 0.27 0.59 — 55
' paramagnetic Fe2+ 1.08 -1.73 e 45
paramagnetic Fe3+ 0.4] 0.68 —_ 32.2
1.4 magnetic FeJ* 0.42 _— 535 | 22.7
magnetic Fel* 1.23 -2.04 150 | 45.1

Fitted byperfine parameters for the ink of the manuscript.
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We investigated by M@ssbauer spectroscopy the ink composition of a missel
manuscript dated from 1469 which belongs to the library of the Protéstant Consis—
tory of Colmar, France. Some of the paper sheets of this manuscrlpt are very much
damaged, as a consequence of the decomposition of the inks used in writing. The
black ink used in the manuscript is of the ferro- gallic type. According to an-
cient recipes such typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

M&ssbeuer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be between !and 37%.

From 295K to 30K the absorgtlon spectrum exhibits two quadrupole split dou~
‘blets, arising from Fez* and Fe ions, whose relative pro ortlons are rospect1~
vely 45 and 55%. At 1.4K the component arising from the Fe¢¥ ions is split, giving
a single magnetic hyperfine patterr from which all hygerfine parameters were de-
rived by computer fitting. At this temperature the Fe-* fraction is present as a
quadrupole split doublet and a Zeeman sextet. The Felt ion magnetic hyperfine in-
teraction vanishes at about 20K, which is thus the magnetic ordering temperature
of the corresponding phase. The ratio (Fe3* magnefxc)/(?eﬁ+ total) goes from4lZ
at 1.4K to 207 at 10K and decteases slowly at higher temperatures. At 4.2K an ex-
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the corresponding magnetic moments. These results show that the
Fe-* ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fe“” ions has been identified as ferrous oxalate
¥eC20,, 2H,0. The presence of oxalate is particularly interesting since it is pro-
bably connected to the degradation of parts of the manuscript.

We have also investigated by M3ssbauer spectroscopy and X-ray diffraction

inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

T(K) contributions IS(mm.sol) QS (mm sﬁl)rﬁﬁfKoe) P&)
. 3+ 55
295 paramagnetlc:Fez 0.27 0.5% —
paramagnetic Fe * 1.08 -1.73 C— 45
paramagnetic Fe3+ 0.41 0.68 — 12,2
1.4 magnetic Fel* 0.42 _— 535 | 22.7
magnetic Fel* 1.23 ~2.04 150 | 45.1

Fitted hyperfine parameters for the ink of the manuscript.
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We investigated by Mdssbauer spectroscopy the ink composition of a missel
manuscript dated from 1469 which belongs to the library of the Protéstant Consis~
tory of Colmar, France. Some of the paper sheets of this manuscrlpt are very much
damaged, as a consequence of the decomp051t10n of the inks used in writing. The
black ink used in the manuscript is of the ferro-gallic type. According to an~
cient recipes such typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

MSssbauer absorbers were made from fragments of the damaged part cf the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be between Iand 3%.

From 295K to 30K the abqorg*w 1 spectrum exhibits two quadrupole split dou~
‘blets, arising from Fe?* and Fe3* ions, whose relative pronort1ons are respectx-
vely 45 and 557. At 1.4K the component arising from the Fe‘* ions is split, giving
a single magnetic hyperfine pattern from which all hyperfine parameters were de—~
rived by computer fitting. At this temperature the Fe-* fractiom is present as a
quadrupole split doublet and a Zeeman sextet. The Fel* jon magnetic hyperfine in~
teraction vanishes at about 20K, which is thus the magnetic ordering temperature
of the corresponding phase. The ratio (Fe3* magnetic)/(Fe3* total) goes from 417
at 1.4K to 207 at 10K and dec%ease;slowly at hlgher temperatures. At 4.2K an ex-
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the correspondlng magnetic moments. These results show that the
Fe* ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fel® ions has been identified as ferrous oxalate
FeCy0,, 2H,0. The presence of oxalate is particularly interesting since it 1is pro-
bably connected to the degradation of parts of the manuscript.

We have also investigated by M3ssbauer spectroscopy and X-ray diffraction

inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

- =1
T(K) contributions IS{mm s I) QS(mm s ) th(Koe) P&
295 paramagnetic:FeB+ 0.27 0.5% — 55
. paramagnetic Fe2+ 1.08 ~1.73 — 45
paramagnetic F33+ 0.41 0.68 — 32.2
1.4 magnetic Fe3* 0.42 — 535 22.7
magnetic Fel* 1.23 ~2.04 150 | 45.1

Fitted hyperfine parameters for the ink of the manuscript.
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We investigated by Mssbauer spectroscopy the ink composition of a missel
manuscript dated from 1469 which belongs .to the library of the Protéstant Consis-—-
tory of Colmar, France. Some of the paper sheets of this manuscript are very much
damaged, as a consequence of the decomposition of the inks used in writing. The
black ink used in the manuscript is of the ferro-gallic type. According to an~
cient recipes such typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

M3ssbauer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be betuzen land 37%. .

From 295K to 30K the absorgtion spectrum exhibits two quadrupole split dou-
‘blets, arising from Fe?* and Fe’t ions, whose relative progortions are respecti~-
vely 45 and 557. At 1.4K the component arising from the Fe *+ jons is split, giving
a single magnetic hyperfine pattern from which all hygerfine parameters were de-
rived by computer fitting. At this temperature the Fe3* fraction is present as a
quadrupole split doublet and a Zeeman sextet. The Fe2* jon magnetic hyperfine in-
teraction vanishes at about 20K, which is thus the magnetic ordering temperature
of the corresponding phase. The ratio (Fe3* magnetic)/(Fe3* total) goes from 417
at 1.4K to 20% at 10K and decteases slowly at higher temperatures. At 4.2K an ex-
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the corresponding magnetic moments. These results show that the
Fe3* ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fe?t ions has been identified as ferrous oxalate
FeCy0,, 2H,0. The presence of oxalate is particularly interesting since it is pro-
bably connected to the degradation of parts of the manuscript.

We have also investigated by M3ssbauer spectroscopy and X-ray diffraction

inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

T(K) contributions 1S (mm. s~1) QS (mm shl) th(Koe) P@&)

295 paramagnetiCzFe?)+ 0.27 0.59 — 55
paramagnetic Fe2+ 1.08 -1.73 § e 45
paramagnetic Fe3+ 0.41 0.68 — 12,2

1.4 magnetic Fe3* 0.42 — 535 22.7
magnetic Fel*t 1.23 -2.04 150 45,1

Fitted hyperfine parameters for the ink of the manuscript.
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We investigated by Mossbauer spectroscopy the ink composition of a missel
manuscript dated from 1469 which belongs to the library of the Protéstant Consis~-
tory of Colmar, France. Some of the paper sheets of this manuscript are very much
damaged, as a consequence of the decomposition of the inks used in writing. The
black ink used in the manuscript is of the ferro-gallic type. According to an-
cient recipes such typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

Mdssbauer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be between land 3%.

From 295K to 30K the absorgtlon spectrum exhibits two quadrupole split dou~
‘blets, arising from Fe?* and Fe3* ions, whose relative pro ortxons are respecti-
vely 45 and 557. At 1.4K the component arising from the Fe* ions is split, giving
a single magnetic hyperfine pattern from which all hygerflne parameters were de-~
rived by computer fitting. At this temperature the Fe~* fraction is present as a
quadrupole split doublet and a Zeeman sextet. The FeZ* ion magnetic hyperfinme in-
teraction vanishes at about 20K, which is_thus the magnetic ordering temperature
of the corresponding phase. The ratio (Fe3* magnetic)/(Fe3* total) goes from4l7
at 1.4K to 207 at 10K and decteases slowly at hlgher temperatures. At 4.2K an ex-
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec—
trum and aligns the corresponding magnetic moments. These results show that the
Fe3* ions form a superparamagnetic phase, probably with very small particle size,
or even amorphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fe ions has been identified as ferrous oxalate
FeCy0,, 2H,0. The presence of oxalate is particularly interesting since it is pro-
bably connected to the degradation of parts of the manuscript.

We have also investigated by M3ssbauer spectroscopy and X-ray diffraction

inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

T(XK) contributions IS (mm snl) QS (mm snl) th(Koe) P&
295 paramagnetic:Fe3+ 0.27 0.5% — 55
paramagnetic Fe2+ 1.08 ~-1.73 C— 45
paramagnetic Feo' 0.41 0.68 —  l22.2
- 1.4 magnetic Fed* 0.42 — 535 22.7
magnetic Fe?* 1.23 -2.04 150 | 45.1

Fitted hyperfine parameters for the ink of the manuscript.
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We investigated by Mdssbauer spectroscopy the ink composition of a missel
manuscript dated from 1469 which belongs to the library of the Protéstant Consis--
tory of Colmar, France. Some of the paper sheets of this manuscript are very much
damaged, as a conseguence of the decomposition of the inks used in writing. The
black ink used in the manuscript is of the ferro-gallic type. According to an-
cient recipes such typesof inkswere prepared from ion sulphate, from a tannic
substance of the gallo tannic family and from a gum as binding agent.

M&ssbauer absorbers were made from fragments of the damaged part of the
manuscript, by assembling together about 25 to 50 paper sheets. The percentage
of absorption was found to be between land 3%. .

From 295K to 30K the absorgtion spectrum exhibits two quadrupole split dou-
‘blets, arising from Fe?* and Fe?* ions, whose relative progortions are respecti-~
vely 45 and 55%7. At 1.4K the component arising from the Fe‘* ions is split, giving
a single magnetic hyperfine pattern from which all hygerfine parameters were de-
rived by computer fitting. At this temperature the Fe>* fraction is present as a
quadrupale split doublet and a Zeeman sextet. The FeZ* jon magnetic hyperfine in-
teractiow vanishes at about 20K, which is thus the magnetic ordering temperature
of the corresponding phase. The ratio (Fe3* magnetic)/(Fe3* total) goes fromé4lZ
at 1.4K to 207 at 10K and decteases slowly at higher temperatures. At 4.2K an ex~
ternal field of 55KG markedly increases the magnetic fraction of the Fe3* spec-
trum and aligns the corresponding magnetic moments. These results show that the
Fe’* ions form a superparamagnetic phase, probably with very small particle size,
or even amprphous, and this ghase could be related to the black colour of the ink.
The phase containing the Fel® ions has been identified as ferrous oxalate
FeC20,, 2H,0. The presence of oxalate is particularly interesting since it is pro-
bably connected to the degradation of parts of the manuscript.

We have also investigated by MOssbauer spectroscopy and X-ray diffraction

inks which have been prepared according to ancient recipes and have compared the
results with those from ancient inks.

T(X) contributions 1S (mm s-l) QS (mm s'l) Hy (Roe); PQ@)
. 3+
295 paramagnetic :Fe 0.27 0.59 —_ 55
paramagnetic Fez‘ 1.08 -1.73 Ce— 45
paramagnetic Fe3+ 0.41 0.68 —_ 32.2
1.4 magnetic Fe3* 0.42 _— 535 | 22.7
magnetic FeZ* 1.23 -2.04 150 | 45.1

Fitted hyperfine parameters for the ink of the manuscript.





