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Iron gall ink is one of the most important inks in the history of western civilization, and it was in widespread use from 
the middle ages until the beginning of the 20th century. The degradation of manuscripts catalyzed by iron-gall inks is a 
major conservation issue and a serious threat to the world written heritage1.  
We have prepared five medieval inks using the same ingredients and similar methodologies. They are the result of 

research on Iberian written sources of medieval techniques and contained three basic ingredients (Figure 1): Fe2+ 

obtained from an iron sulphate salt, a phenolic extract (tannins), and gum arabic1,2. Different additives, such as other 

metal ions and pigments, and different extraction conditions were applied. These variations of different additives were 

studied and its contribution to the specific ink recipe was revealed3. 

All the extracts and inks were analyzed in threefold by HPLC-ESI-MS and HPLC-DAD. HPLC-ESI-MS allowed the 

identification of the phenolic compounds present both in extracts and inks. HPLC-DAD allowed the quantification of 

these compounds3. 

The main goals of this work were: 1) to identify and quantify the major phenolic compounds present in the gall extracts 

and evaluate its variation by the addition of an iron sulphate salt and gum arabic when producing the iron-gall inks; 2) 

to identify and quantify the identify and quantify the effect of each additive on each tested recipe. 

 
 

 

 

 

 

Figure 1: Basic recipe for an iron-gall ink. A: pentagalloylglucose; B: monogalloylglucose 
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The	origins	of	iron	gall	ink-making	process	get	lost	in	the	depths	of	the	most	ancient	records	of	the	history	of	

human	civilizations	[1];	the	formation	of	intense	blue	black	complexes	was	obtained	by	adding	iron	salts	to	

specific	plant	extracts	such	as	of	Quercus	in fectoria .	Presently,	degradation	of	manuscripts	catalysed	by	iron	

gall	inks	poses	a	serious	threat	to	the	world	written	heritage.	Characterization	of	the	complex	structures	

responsible	for	the	colour	of	iron	gall	inks	is	yet	to	be	achieved,	being	fundamental	for	the	understanding	of	

the	degradation	processes	that	may	lead	to	the	complete	disappearance	of	the	ink	support.	This	knowledge	

is	also	necessary	for	the	development	of	accurate	model	systems	were	novel	treatments	may	be	tested.	In	

the	field	of	cultural	heritage,	the	model	systems	proposed	are	based	on	tannic	or	gallic	acid	[2,3].	Our	results	

suggest	that	they	do	not	represent	accurately	iron	gall	ink	chromophores.	In	fact,	HPLC-DAD-MS	reveals	that	

free	gallic	or	tannic	acid	are	minor	components	in	the	gall	extracts,	which	are	found	largely	as	polygalloyl	

esters	of	glucose,	Figure	1.	In	alternative	to	iron-carboxylate	binding,	we	argue	that	colour	may	be	developed	

through	the	catechol	with	2	OH	or	galloyl	with	3	OH	groups	present	in	phenolic	compounds	provide	binding	

sites	for	metal	ions	to	chelate.		

In	this	work,	historical	accurate	reconstructions	of	medieval	inks	are	prepared;	the	gall	extracts	and	the	inks	

are	analysed	by	HPLC-DAD-MS.	These	inks,	applied	on	filter	paper	and	parchment,	are	next	characterized	by	

Raman	microscopy	and	microFourier	Transform	Infrared	Spectroscopy,	and	compared	to	original	medieval	

inks.	We	also	prepared	simpler	ink	references	that	include	iron	complexes	with	tannic	acid,	gallic	acid,	mono	

and	digalloylglucose.	These	data	enable	us	to	discuss	the	chemical	structures	of	these	complex	polyphenol	

systems	used	to	write	the	medieval	book	and	the	analytical	challenges	posed	to	an	accurate	description	of	a	

medieval	ink.	The	causes	of	colour,	in	the	origin	black	and	transformed	over	time	into	brownish-red,	will	be	

also	discussed.	

 

 

 

 

Figure	1.	Polygalloyl	esters	of	glucose:	A-Pentagalloylglucose;	B-Monogalloylglucose;	C-Heptagalloylglucose 
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