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PANEL DISCUSSION 

PERSONAL AND/OR HISTORICAL NOTATIONS 

RELATED TO NATTA’S DISCOVERY OF STEREOREGULAR POLYMERS 

 

FRANCESCO MINISCI 

 

Before going into specific theme, I would like to present a brief personal testimony, which covers 

more Natta man than Natta scientist. 

I have met a few times Natta, even if at the time of the discovery polypropylene was a trainee of 

Montecatini, at the Polytechnic, but I was one of the few trainees who did not work in the Natta 

Institute, I was located in the Institute of Quilico; Mazzanti was the head of all the trainees at that 

time, then became a head much many other important institutions. 

I felt a little fervour that was in my fellow trainees, who worked in the Institute of Natta, but I did 

not participate directly in this atmosphere of interest. My testimony dates back to about a dozen 

years later, when it was already Natta Nobel Prize. In the second half of the '60s, I attended a 

competition for the professorship at the University of Florence and Natta was the Commissioner by 

far the most authoritative of the Commission, not only because it was the Nobel Prize, but because 

it was a contest of industrial chemistry. 

Another Commissioner was Pino, who was in Pisa, where he was particularly dear to Piacenti, his 

close associate, but was also supported by Speroni of the Florence University. 

Two other competitors were Zambelli and Farina, which were two direct students of Natta and that 

led to important contributions, as all you know, to the stereospecific polymerization. 

In this situation, my hope was to get to the top as a third, because at that time there was the system 

allow to have a the winner and two suitable. The pleasant surprise was the fact of being the first one. 

The thing I was surprised very much because I thought a decision of this kind could not have been 

taken against Natta will. But in Florence was Piacenti requested and he continued to call me, day 

and night, for asking me to giving up the place, even Pino and Speroni pleaded me in this direction; 

the second one in the rank was Piacenti, the third one Farina, Zambelli was the youngest and was 

out in that circumstance. 

Even Quilico himself, politely, with discretion and kindness, let me understand that my resignation 

was opportune. 

I did not want to be impolite to a commission which had been so generous with me, but also I 

feared that giving up to Florence I could end up in some place not very comfortable. 

So I decided to go to Natta to ask for an advice. To tell the truth, that I had much fear of bothering 

Natta for such a silly question, also because I was unfamiliar with him and I had no idea of what 

could be his reaction, then I took courage and I went to see him, I explained my situation, my 

worries and Natta said to me: "You have won the competition, it is your right to go Florence. If 

deemed appropriate, you can go there without problem, because it does not bother me at all". 

Natta was the only one in the Commission that made a speech of this kind. 

At the time I had the impression that Natta was completely outside of this university things, on the 

other hand I thought the quality of the person was in line with the quality of the scientist; it is a 

lesson that I tried not to forget over time. 

Then the situation was resolved in the most satisfactory because in the meanwhile, a chair in Parma 
was opened, where I went with pleasure for a number of reasons, and the situation of Florence has 

resolved; this lesson for me was very important and I will never forget it what Natta taught me. 

This is a testimony that I wanted to do to give a little measure of the man, while about the scientist 

you who have been more closer collaborator will be provided by you. 

This list of speakers that has been done by Corradini, coincides with what I tought, however I'd still 

like to speak Dean Biardi as representative of the institution, as Dean of the Faculty of Chemical 

Engineering of the Polytechnic, in order to tell what impact this has had the great  work that you 

have done in the Faculty and on Chemical Engineering. 
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GIUSEPPE BIARDI 

 

As already said by Minisci, my presence in this roundtable, to some extent is improper because, 

although it was one of the last students who had signed the thesis by Professor Natta, nor in that 

thesis, nor in my the whole science curriculum I have dealt with Macromolecular Chemistry, but 

rather of Chemical Engineering, in strictu sensu ,strictly speaking, in particular of chemical reactor 

engineering, transport phenomena, of "unit operations”, simulation, process control and so on.  

However, since the will of the organizers refers closely to historical or personal connotations, I 

remember that “istoria” means testimony in Greek, at least originally, so I can bring the testimony 

of how the man of whom we speak, has left its mark in a School of Engineering as the Polytechnic, 

even beyond of what was his work as a scientist who has received the highest recognition. 

In the Institute of Industrial Chemistry, who was directing, with a stay of 37 years, if I remember 

correctly, inevitably left a direct footprint with his pupils, the most recent and older, and on the 

whole school in the strict sense, since that institution, now the Department, was central to the 

formation of Chemical Engineering beside the one of Chemical Physics and Chemistry which gave 

to the fundamentals. 

In retrospect, thinking now of what we did then and what has been the evolution, I will say two 

things mainly relating to changes of Chemical Engineering of the last 30, 40 years to give you an 

idea of what, in my opinion, was his ability to see the perspective of what would had been the 

problems in the future. 

Now, the era in which he worked Natta is widely prior to that the use of computers, but, in 

retrospect, one can recognize that the systemic approach, one that takes a complex problem, 

examines separately the individual aspects, dissects them up at the bottom and then resyntetize the 

for the purpose of study or calculation or project, it is still recognizable.  

His own way of working, which I happen to known only in part, and that he used many 

collaborators with high efficiency and that is looking for the right person to the right task, it saw 

him govern conceptually, as a director, all the research lines that were covered at the same time, 

with a clear understanding of the objectives, both the tactical and strategic research to itself.  

Such a “modus operandi”, and do not forget that the focus constant profess Natta was directed to the 

industrial realization, is a feature that I have learned by reflection from this person, and corresponds 

to an attitude of systems engineering even before this word has been used, because that use was 

born from the mathematical models, by the use of computers, from the decomposition of a problem 

which was necessary to be dominated by calculation. 

The other issue, which is perhaps even more important, and more directly linked to its research 

activities such as the one in which had such a great success, although start from other reasons, it has 

become only recently important and, I dare to say, has not yet fully developed in the Engineering 

schools, and the Chemical Engineering in particular, and that is based on a more scientific approach 

over the technical problems, which notes that the problems are existing over different scales of 

description, the so-called multiscale approach. 

If I can give an example, perhaps clear to everyone, even if not are all engineers, may be the  

following: if, we has to handle a problem of fluid mechanics, is always a good time to decide 

whether it is enough to operate the theorem Bernoulli or if you need to write and solve the Navier-

Stokes equations. 

In a scientific activity there is always need, especially in the chemical field, to refer to a molecular 

level or at the level where matter is considered as continuous, but also to a microscopic level, where 

the general equations of transport are used, or to the turbulent aggregates, of the human scale, the 

macroscale.  

In those cases it is necessary to have a perfect knowledge of the criteria by which it is said: 

"I choose this level rather than that other", and above all of the criteria of scale change, so with 

averaging operations you switch from lower level to an higher than that and you decide when the 

ability of description are consistent with the level of description. This is related, on the one 
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side, at the level of description that is configurable in terms of sizes, from nanometers to angstroms, 

up to meters or kilometres and, secondly, inevitably at the level of formal complication or the 

mathematic. 

By far before they speak, in the proper sense and meaningful mathematical modeling and / or of the 

multiscale approach, he had a clear perception of these problems. 

I take a personal example: I did not have direct knowledge, very long, with the professor Natta, 

because even though I was a student with him, his health conditions were not the brightest, at those 

times. I graduated in '65 and I was part of that generation of students who entered in the fifth year 

and has attended the Industrial Chemistry 2, in 1963/64, so the first lesson in the classroom we 

found not only Professor Natta and all the classmates, but all the academic faculty of the 

Polytechnic of Milan and many other authorities at the municipal, regional or national level to pay 

tribute to professor who won the Nobel Prize a few months earlier. Also when he was not well, 

however, sometimes we called for knowing what we were doing. 

In the early years of assistant I dealt with reactor modelling for steam reforming, in other words of 

head systems for the production of synthesis gas for ammonia and methanol, and I took care of both 

characterization of the effluent gas, according to the operative conditions, both in terms of the 

furnace, the reaction tubes, but also for the thermal and mechanical aspects. 

I remember, after talking with him about the thermodynamics of those reactions, to discover that the 

professor Natta had dealt with the steam reforming reactions also from the numerical point of view 

with professor Piontelli, then he already knew much of that problem, even if he had never 

developed a program to do the calculations. At this point he said, "Look”, he was always speaking 

in third person to everyone, "be careful because it may be possible that the azimuthal distribution of 

radiant heat flux on the tubes of the reactor could constitute the most important mechanical stress 

for the tubes themselves". The scientist who was in charge of macromolecules, and catalysis at the 

level of the Nobel Prize, he was able to grasp, however, which could be at the core of a problem of 

structural static for the reaction tubes in which the level of outside temperature was in the order of 

900 ° C, wherein the specific flow heat could be from 40 to 90 kW/m2, within which there were 

about 30 bar pressure, whose effluent contained 50% hydrogen, where then a clique would have 

created a dart can cut any thing, including refractory, over30 meters. 

This was the person. The next time, a month later, I went by the teacher to say, "Teacher, he was 

right, according to his advice I was able to put the problem in formal terms and calculate the 

deflection of the tube due to the uneven lighting in azimuthal direction". 

For me, this has meant many things, a side from the specific problem, in other words that a 

responsible person, and at that time the teachers role were covered very few person, in a School of 

Engineering must have a view capacity of 360°, as they say now, but I prefer to say 4D 

steraradiants, so also in the steric sense, able to perceive everything and to have a perspective of 

everything, to evaluate all the things for what they value: those in small scale, those that require to 

be examined under the light of the characteristic equations and the elementary requiring simply 

common sense engineering, because all things have value that you deserve and can find the correct 

collocation. The ability to control simultaneously all these aspects, scientific or technical ones, I 

dare to say even the industrial and economic - because I've always heard from Prof. Natta, "The 

things you need to realize that they must find an economical use in the field, so they must be viable 

in the strict sense "- was one of the characteristics of the man and one of the signs that left several 

people who knew him, and hope that this school, which protempore I have the honor to preside as 

President, can continue to do in the next thousand years. 
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GIORGIO MAZZANTI 

 

l. I will try to tell the story of research carried out at the Institute of Industrial Chemistry of the 

Polytechnic of Milan in the field of polymerization stereospecific α-olefins from March to 

December 1954, believing that in those ten months results that had been obtained, for many years 

on had a major impact both on the research conducted in many laboratories in different countries, 

both on the development of petrochemicals in the world. 

On the whole story stands the figure of prof. Giulio Natta.  

One can not fail to remember that in those years and for several years follow, all the Italian 

chemical industry was very committed to the development and innovation, both with its own 

Research and Development, both with the acquisition of licenses for new products or new processes. 

In that context we find the confidence and commitment of the 'Chief Director of Montecatini, 

engineer Piero Giustiniani, to base research and, especially, to Giulio Natta and his school. 

 

2. As a premise, it must be remembered that as soon as published by Karl Ziegler's early work on 

the possibility of adding ethylene in Al-C bonds, Giulio Natta and Piero Pino sensed that this could 

lead to several important developments. 

Under Natta pushing, Montecatini acquired a license (exclusive for Italy) on all research Ziegler in 

that field. Around March 1953 two chemists, Roberto Magri and and Paolo Chini and a chemical 

engineer, Giovanni Crespi, Montecatini went to work in the Institute of Ziegler in Mulheim. 

 

3. Having said that we can get to the heart of our history. 

Around the beginning of 1954 came to Montecatini and the Polytechnic the news that Ziegler was 

able to obtain polymers of ethylene at high molecular weight with a reaction based on the use at low 

pressure, as catalyst, of a mixture of triethyl aluminum and tetrachloride titanium. 

Giulio Natta had the idea, certainly his and his alone, to try to polymerize propylene with the same 

catalyst. This constitutes a confirmation of his ability to think also of the outside the box based on 

previous knowledge.  

It was known that the behaviours of ethylene, respectively, and the propylene against the ability to 

originate polymers were absolutely different. 

On March 13th Paolo Chini using a catalyst prepared from aluminum triethyl and titanium 

tetrachloride in a molar ratio 10:1, obtained a polymer of propylene semi-solid consistency. 

Immediately after this first result Giulio Natta and Piero Pino believed that it was appropriate to 

devote more forces to this line of research and so I, which I was working in the Institute for two 

years, stopped all other activities and I was going to dedicate myself entirely to research on these 

new catalysts and polymerization of propylene.  

I was collaborating with two recent graduates, Paolo Longi and Umberto Giannini, who were part 

of a postgraduate course funded by Montecatini. 

After a few weeks Paolo Chini was transferred to the Research Center Montecatini of Ferrara with 

the task of creating the first pilot plant for the production of aluminum triethyl. Meanwhile Roberto 

Magri had returned to Ferrara also with the task of developing the polymerization of ethylene. 

 

4. I know that what I am about to say may seem now, especially today in 2003, a little debatable, 

but in my opinion, great importance should be attributed to the fact that from the beginning the 

polymer obtained from propylene was fractionated by exhaustive extraction with boiling solvents, 

using in the order acetone, ethyl ether and n-heptane. 

In this way were isolated fractions completely amorphous (extracted by acetone and ether) of 

approximately 40% of the total polymer, a fraction medium crystallinity (extracted by heptane) 

equal to about 15-20% and a residual high crystallinity. No molecular weight fractions of the 

different growing significantly in passing from one to another, reaching maximum high for the 

extraction residue. I would say that if he had not proceeded since the beginning with the 
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fractionation by solvent extraction (technique quite unusual at that time in macromolecular 

chemistry) there would be no subsequent developments both in the interpretation of differences in 

the molecular structure of the different fractions, both in investigations on catalysts that led, as we 

will see shortly, in selectively obtain the "good part", in specific the residue of the heptane 

extraction, the polypropylene. 

 

5. On 6 June 1954, Montecatini filed a patent, the inventor Giulio Natta, in which it claimed new 

polymers of propylene, in particular that high crystallinity constituting the residue of the extraction 

with boiling heptane and the process for producing such polymers. At that time there was still some 

doubt as to whether the crystallinity found was in some way related to the growing molecular 

weight. This uncertainty was then totally eliminated thanks the work of structural chemistry 

conducted by Paolo Corradini, but also from the analysis founding high crystallinity in the samples 

prepared by us by thrust de-polimerization of the heptane residue extraction, which had molecular 

weight also by far lower than that of amorphous fractions isolated from raw polymer by extraction 

with ether. 

 

 6. In May-June of 1954, however, we were rather depressed and worried because it was found a 

marked non-reproducibility in evidence of polymerization of propylene, and even by some time, 

any attempt to polymerization was completely failed. We keep saying that if they had obtained 

some evidence of the high polymer propylene, obviously it had to be possible obtaining them again. 

But it was true that at the time, when you opened the autoclaves we were not finding  any polymer. 

Clearly something was getting to our control. 

 

7. With the idea of being able to get a more regular polypropylene was prepared, with a reaction 

rather laborious, aluminum tripropile. However even with the use of the latter the polymerization 

tests went all failed. It was on the polymerization test in which was taking the last amount that 

remained of aluminum tripropile. Me and Paolo Longi, several hours after not seeing any mention 

of polymerization, we were very disturbed by the prospect of having to prepare another aluminium 

tripropile. We decided to give it a try a little '"desperate" and we injected in the autoclave a certain 

amount the titanium tetrachloride. 

Instantly a sharp increase in temperature indicated that the polymerization had started, and after a 

short time, opening the autoclave we found a large amount of polypropylene. This led us to think it 

was important to prepare the catalyst in the presence of the monomer and increase the ratio of 

titanium tetrachloride and triethyl aluminum. All polymerizations of propylene carried out 

immediately after with these founding provided (without failures) positive and reproducible results. 

Not only that, but with these tips, you also managed to get polymers of 1-butene (fractions 

containing high crystallinity), crystalline polymers of styrene and poly butadiene 1-4 trans 

crystalline. 

Based on these results July 27 Montecatini filed a second patent, inventors Giulio Natta, Pino Piero 

and Giorgio Mazzani, in which was claimed the process based on the preparation of the catalyst 

in the presence of the monomer and, as already done in the previous patent, solid polymers 

crystallizable of propylene, adding that, in such polymers, at least for long stretches of the molecule, 

the carbon atoms were identical with asymmetric steric arrangement. It was claimed, crystalline 

polymers of α-olefins in general, and, in particular, the crystalline polybutene and polystyrene. 

Systematic studies carried out by us after 1954 showed that for catalysts prepared from triethyl 

aluminum and TiCl4 from the maximum activity corresponds to the Al / Ti ratio equal to 2.5 (very 

different from that adopted in the first trials equal to 10:1), and that in any case the catalyst quickly 

loses its activity with time. 

 

8. The holiday of all of us in August 1954 were limited to a few days and I well remember that 

Giulio Natta greeting me said that it was worthwhile to make a little sacrifice because - in his words 
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"research of this type may also lead to the Nobel Prize". 

 

 

9. The fractionation by solvent extraction had allowed isolating polypropylenes different not only in 

molecular weight, but especially by structure. This led us to think that the catalysts employed could 

actually contain active centres, or better initiators of polymer chains, of a different type. We began 

to isolate the solid part which was obtained by the reaction of triethyl aluminum + titanium 

tetrachloride against the part that was not retained by a porous septum which had pores with 

diameter between 5 and 15 microns. 

The filtrate phase provided a polypropylene almost completely amorphous, while the solid part 

(after addition of triethyl aluminum) provided a polymer with a bit richer residue with heptane 

extraction. It remained, however, around 50% -55% of the total (compared to 40% obtained with 

the original catalyst), which still far from yields that could allow an industrial development. 

 

10. In October and November I had the opportunity to listen to a Milan conference of a very general, 

it seems to me given by Professor Mark in which, speaking of the 1-4 trans polybutadiene obtained 

with catalysts ALFIN type, was attributed to the fact the regularity of chaining of the molecules of 

butadiene monomer were due because those were adsorbed in all same way on the surface of the 

crystalline phase present in the catalyst. Reached then by free radical that triggered the 

polymerization and the concatenation of the monomeric units. We did not think at all that the 

polymerization of propylene happened with radical mechanism, but that interpretation which 

attributed a fundamental role in the crystalline phase present in the catalysts ALFIN, however, made 

me think of trying to employ, instead of the liquid titanium tetrachloride, a titanium halide and solid 

crystalline as the trichloride. 

I immediately asked to Umberto Giannini to prepare and purify by sublimation TiCl3. Since the 

first test for the polymerization carried out using TiCl3 it was realized, already opening the 

autoclave, the raw polymer it appeared in a different way, as a solid mass of powder consistency. 

The idea had worked! In fact, the residual extracted with heptane of the polypropylene thus 

obtained was around 85/90%. 

Conversely, by catalytic mixtures highly dispersed got then almost completely amorphous 

polypropylenes. 

Montecatini then filed other two patents on 3 and 16 December, 1954, having as inventors Giulio 

Natta, Piero Pino and Giorgio Mazzanti, in which the claimed methods for the polymerization of a 

highly stereospecific of a-olefin demonstrating that: 

- Catalysts obtained from crystalline solids halides of transition metals such as TiCl3, TiCl2 or 

VCl3 provided very high percentages of crystalline polymer, in particular isotactic polypropylene; 

- Highly dispersed catalysts obtained from liquid halides such as TiCl4, the VCl4 or 3 ITEMS 

provided rather high percentage of amorphous polymer. 

 

This opened the way for the industrial production of polypropylene isotactic. 

It is important to remember that until the end of the 70 for the next 25 years from the filing of the 

patent, the catalysts based on TiCl 3 were used in all installations for the industrial production of 

polypropylene isotactic. 

With the use of highly dispersed catalysts managed to prepare amorphous ethylene-propylene 

copolymers, free from crystalline fractions, which gave rise to new synthetic rubbers. 

Immediately after the deposit of the two aforementioned patents Professor Natta presented a 

communication on new polymers at the Academy of Lincei. The December 10, 1954 signed by 

Giulio Natta and his collaborators, was sent a Letter to the Editor of the Journal of the American 

Chemical Society. 
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11. By December 1954, he closes the story that I wanted here today summarize. Actually, more than 

a story you would rather speak as the first chapter of a long story. 

In fact, as everyone knows, there was then an enormous development of research in the field of 

polymerization of olefins and diolefins. In the latter field the group of researchers coordinated by 

Lido Porri has achieved results of great importance, which I imagine will be by himself 

remembered in this roundtable. 

The research in the field of stereospecific polymerization, after almost fifty years is still very active, 

as is also shown from papers presented at this conference. 

 

12. Let us ask ourselves at this point what happened after 1954 in industrial sector. 

Mention must be made at about the Italian chemical industry that within of only three or four years 

after the first patent, in fact by 1958 to Montecatini Ferrara went ahead with the development of the 

process in pilot plants and then to the first industrial production of isotactic polypropylene which 

entered the Italian market with the trade name MOPLEN. So the first response was the deed of trust, 

provided, virtually limitless, a few years earlier by engineer Piero Giustiniani. 

A few years later began, in Ferrara industrial production of new synthetic rubbers based on 

ethylene-propylene copolymers, entering the Italian market with the trade name Dutral. 

Many patents have been granted licenses by Montecatini in almost all industrialized countries. The 

subsequent intake of royalty has covered for many, many years the cost of all the research Group 

Montecatini and then for all the Montedison Group.  

I believe that the isotactic polypropylene represents today, from the point of view of production 

volumes, the second plastic material in the world. I believe that the ethylene-propylene rubber 

represent the second synthetic. 

But I can not omit to mention that the polypropylene years longer enshrined in the Italian chemical 

industry products. Through some changes of ownership began in the first half of the '90s, the 

polypropylene existing in our country belong to a European Group, not Italian. The ethylene-

propylene rubbers are still part of the productions of an Group Italian, but often we read that the 

industry elastomers could be sold to third parties. 

I do not know if this evolution can be seen as something the inevitable. Whilst it may be that it is, 

equally inevitable and that I will mention it with some bitterness. 
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PAOLO CORRADINI 

 

I will project some transparent for remembering some fact of that time. Giorgio Mazzanti open me 

the way, because he said about the collaboration that there was in place at that time with Ziegler and 

with the Ziegler laboratory and what happened with regard to the synthesis. 

I have a set of transparencies that I project in order: this is the photograph that Prof. Natta gave me, 

which I keep in my studio, in where you see Prof. Natta and there is a dedication, “to my dear pupil 

and collaborator Paolo Corradini, affectionately "(Fig. 1). In the background is 

a big model Natta isotactic polypropylene that had in the study at the time and I think it was done 

for a show somewhere. 

 

 
 

 

the next clear that I would like to see is the first spectra of polypropylene isotactic (in red in Fig. 2): 

according to my memory polypropylene is born within the framework of the research that took 

place at the technical on polymers of ethylene and you knew that, at a certain moment from the 

reaction of "Aufbau" discovered by Ziegler, Ziegler as well had found a way of polymerizing 

ethylene - and I remember quickly only points -. 

There is always a moment of serendipity in the discovery and a time happy intuition, intelligence to 

understand things. In the laboratories Ziegler had happened that in a autoclave the ethylene 

oligomerization had stopped at the dimer, butene-1, in large quantities. Ziegler and co-workers went 

to see what had happened and never will discovered that an autoclave had been stained with nickel, 

so it was discovered first the so-called "nickel effect". 
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The nickel, added to aluminum triethyl, causes the polymerization ethylene monomer unit stops at 

the first entry and is formed butene in a quantitative way. 

In a similar manner, in other way, the reaction of oligomerizazion of the ethylene in the case of 

propylene knew that would stop the dimer of propylene, then the propylene to Ziegler was a bad 

entity to polymerize, because the reaction is stopped always, quantitatively, to the dimer (which was 

very specific, the 2-methylpentene!).  

Ziegler gave orders to his staff to try as catalysts all the elements of the periodic table, therefore, 

systematically, since the nickel was a certain effect, the whole system was tested with all the other 

element. When it came to zirconium, zirconium filled the autoclave of a polymer: the polyethylene. 

It was born on low-pressure polyethylene who had a good destiny, now he make millions of tons 

in the world that way. 

They began to try this even at the Politecnico di Milano, through agreements with laboratories 

Ziegler Muelheim. It was polymerized the ethylene and, according to my recollection, Prof. Natta 

wanted to try to copolymerize ethylene with propylene. Those appointed to Paolo Chini and Chini 

made a blank test, and as first step did a test "in vitro". The reaction in the flask of glass not 

happened. Chini took the mixture in glass, TiCl4, aluminium triethyl and propylene, poured into an 
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autoclave, increased pressure and temperature (Certainly did not make the reaction at atmospheric 

pressure as had tried at the beginning, or at least is solvent as done in the beginning). 

- and the autoclave was filled with a spongy material of a gray-green material. He came with this 

spongy material greenish to me that I was doing the X-rays - I was commissioned to make X-rays of 

all the polymers of ethylene which were prepared in the laboratory - and figure 2 is the spectrum 

was obtained, is shown in red.  

There are records, where you can read: "propylene polymer" there is the date, "March 11, 1954, 

Ziegler, Chini, "and then there are data on x-ray and the evidence that this should be a polymer, 

there is no hint of a structure that is isotactic yet, for heaven's sake, because we do not thought 

about the isotacticity, but regular, because in my opinion, rightly, it could not be otherwise 

crystalline. 

For comparison we can see, in green, the spectrum of a polymer of today and it is seen that all the 

peaks are in the same location, but much higher. For this there is a specific reason: the polymer was 

brought us was full of chlorine and titanium, just 1 -2% of these elements to lower the spectra, those 

are strong absorbent, regarding the X-rays, these elements like chlorine and titanium, I think 

especially chlorine. The spectrum in red, then, is very low, but it is (for angular positions) identical 

to the spectrum of our days. 

I'll show you two or three transparent regarding our  activity. Figures 3 and 4 represent the cover 

pages of two Memories of Lincei. Prof. Natta presented two memories the Accademia of Lincei, 

one is in its name: A new class of polymers a-olefin with exceptional regularity of structure (Fig. 3), 

which already introduces the term "Isotactic". The other is to Natta and Corradini and is entitled: 

On the structure of a new type of crystalline polypropylene (Fig. 4). 

I remember, because in those days there were written so easily work with the typewriter, it had to 

make a run: Prof. Natta was able came to Rome a little before I took a train, I do not remember who 

were the secretaries of Prof. Natta at the time, but someone was typing with typewriter until the last 

moment and I took a train to bring these two manuscripts to be deposited at the Academy and, in 

fact, made themselves two memoirs, took place at the same time sending the work that has Giorgio 

Mazzanti quoted the American Chemical Society based on numerous data and also including the 

polymerization of butene and styrene, the data showed that the structure roentgenographic which 

was highlighting the helix structure of isotactic polymers. 

In figure 5a is shown the structure of polypropylene, as is reported in Lincei memory, you see the 

chain, the projection along the axis of the chain and, then, as repeating units along the chain. The 

Figure 5b is a somewhat more modern, where you see the ternary helix and the repetition of the 

groups along the chain in isotactic manner, is right helix. 

Figure 5c involves a comparison. At the time, the helix were the trend, Pauling had just then 

presented its alpha-helix for… 
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…the polypeptides and was proposed by Crick and Watson for a structure DNA, almost  

simultaneously, they were all helical structures. The comparison concerns a polymer that I studied 

with Italo Pasquon, which has worked a little on these helices with me - he says for a year, but has 

worked with me on it -. It is a polyolefin isotactic helix with 3.5 monomeric units by-step, side 

roups are in red. The alpha-helix Pauling, shown on the right, is very much similar in the side 

groups disposition and it has 3.7 monomer units per step.  

Figure 6 is an improved presentation of the helix, always with the projection and development of 

the propeller of polypropylene. The propeller has become a monument to Ferrara and stands before 

the research laboratory of Basell (Fig. 7). 
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In Figure 8 we have another view of the helix, in which has been recognized atom by atom, with 

AFM image (this is a right helix). 

I finish adding another helix (Fig. 9), that the polypropylene syndiotactic, this always choosing the 

right helix.  

 I add, for last, Figures 10 and 11 which relate to the more recent work we are doing.  

Prof. Natta had the intuition that the chirality of the site should be, in some way, to promote the 

polymerization in a certain way and, in fact, in the book he wrote with Farina, "Molecules in 3-D", 

it is clearly seen the TiCl3, with the presentation of the chirality of the site, as has been pointed out 

by Prof. Brintzinger… 
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…this morning, just in that way that the metal atoms can be right or left. Prof. TI Brintzinger seems 

to me that it has highlighted very well (Fig. 10). 

The models in Figure 11, as we are seeing them, are taken from a work that we have recently(*) on 

the occasion of centenary of the birth of Prof. Natta. 

Here we see the surface of solid TiCl3 and as you can imagine who are willing atoms: these are 

transition states with bond alpha-agostico hydrogen to metal, then represent states of tran- 

 

(*) P. Corradini, L. Cavallo, G. Guerra, Stereoselectivity in Ziegler-Natta Catalysis, La chimica e 

l’Industria, 85, 2003: 41-44 see also: P. Corradini, L. Cavallo, G. Guerra, 

Do New Century Catalysts Unravel the Mechanism of Stereocontrol of Old Ziegler-Natta 

Catalysts?, Acc. Chem. Res, 2004, 37, 231-241 

 

 
Fig. 9 - Right-handed Helix of Syndiotactic Polypropylene (4 Monomeric Units in the 

Repeat Period). 
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Fig 10 - Possible lateral sheet with a layer of TiC13. The positions of non-equivalent coordination, 

which may become available for a monomer molecule or a growing chain of polymer, are indicated 

with an asterisk. 

 

Model for isospecific systems 

 
1979 - molecular model of heterogeneous catalyst, local situation on the surface of TICI3, solid. 

 
1988 – molecular model of homogeneous metallo cene catalyst 

 

 
2003 - molecular model of homogeneous ottaedric catalyst 

 

Fig 11 

 

-sition for the polymerization and it is seen that the steric hindrance of two chlorine atoms on the 

surface of the catalyst affects the chain: on outgoing from the atom of titanium chain comes out a 

CH2. In the state of transition, one of the hydrogen atoms of the CH2 must form a bond alpha-

agostic, there are only two ways, but one way is prevalent for the overall dimensions of the chlorine 

atoms. If the chain goes from a certain part, is mandatory for the methyl of the propylene entering to 

go on the other way. 

It is now known that in systems of this kind approximately 1000 monomeric units all put 

themselves in one way before to make a mistake: looks amazing, it's a really great thing. You see 

now with NMR, we would never have imagined at the time, even Professor Natta could not imagine 

it, a stereo regularity so great, which is in the order of thousand units that connect all in a way. This 

is a model originally presented with Guerra, we presented it when Prof. Guerra was a student with 

us, but I think today retains all its validity. 



17 

 

Always in the same figure there are catalysts homogenous of today. The model is of type catalysts 

Ewen or type Brintzinger, metallocene. 

The groups with asterisk are arranged so chiral and force on the zirconium atom the chain, which is 

now redesigned in orange, out of this part, it can not go on the other way, because it would impact 

here, against this phenyl group and if the chain is forced to go this other way, the methyl goes 

elsewhere. 

The stereoregularity is a bit lower, you bring a hundred monomeric units before you make a mistake 

or even less, so less stereospecific catalysts than the heterogeneous catalysts. How said before in 

heterogeneous catalysts are the sites in which 1000 groups are put themselves in a way and the 

wrong, each 1000. 

Now other catalysts are proposed, even octahedral once, with a neighborhood, so while the 

zirconium has a neighbourhood similar tetraedrical, which resembles even more the catalyst of Prof. 

Natta where titanium is octahedral - as was shown by Prof. Brintzinger at the beginning of his 

lecture -. The groups are signed with asterisk and the chain is forced to orient them in chiral way 

due to those conditioning groups. The methyl of the propylene must go to the opposite side. 

I just wanted to mention it, because they are the more recent developments in polymerization 

catalysis, of which Professor Natta would have been, of course, very happy, because that was the 

way in which reasoned and tried to carry on the scientific research. 
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LIDO PORRI 

 

At the beginning of my speech I would like to submit two photographs. The first (Fig. l) is of 1957 

and portrays Prof. Natta with three collaborators, Mario Farina, Giorgio Mazzanti and myself.  

The second one (Fig. 2) is on October 1963 and was taken when the Academy of Sciences in 

Stockholm required to Prof. Natta some photographs of himself and his group. It portrays Natta 

with various collaborators in a laboratory of the Polytechnic. 

 
Figure l - Natta with three collaborators (from left: Mario Farina, Giorgio Mazzanti, Lido Porri) 

 

 
Figure 2 - Giulio Natta with some co-workers in a laboratory of Politecnico (from left: 

Lido Porri, Mario Pegoraro, Piero Pino, Raffaele Ercoli, Enrico Mantica, Ferdinando Danusso,  

Prof. Natta, Gino Dall'Asta, Mario Farina) 
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I started to work with the group Polytechnic Natta August 19th 1954. No Prof. Natta instructed me 

to take care of copolymerization of propylene with butadiene. The professor was fascinated by 

elastomers and he wanted to get with the new catalysts discovered by Ziegler, a propylene 

copolymer or propylene-butadiene-isoprene containing approximately 3-5% diolefin. This had the 

butyl rubber, which is a copolymer isobutene-isoprene containing 3-4% of isoprene, and considered 

that a propylene-butadiene copolymer or propylene-isoprene could be of considerable interest as 

elastomer. 

The results were not exciting, on the other hand still copolymers of this type are difficult to prepare, 

because the two classes of monomers, olefins and diolefins, are not very compatible. 

From the end of November '54 I started working on the homopolymerization of the diolefins and 

this opened for me a time of great satisfaction from the point of view of work. 15-month period, 

from December 1954 to March-April 1956 (about 13 months of actual work, if we consider 

holidays) were synthesized all 4 stereoregular polymers of butadiene theoretically predicted (Fig. 3).  

These syntheses opened the chapter of stereospecific polymerization diolefins, which led to results 

of great scientific interest. 

From isoprene two stereoregular polymers were obtained, one consisting of practically only by the 

unit ,4-cis, the other only by units l, 4 - trans, respectively equal to the two naturally occurring 

polymers, natural rubber and gutta-percha or balata. Stereoregular polymers were also obtained 

from monomers more complex as the pentadiene l, 3, CH2 = CH-CH = CH-CH3. The polymers of 

this monomer are characterized by the fact that contain two sites for steric isomerism for each 

monomeric unit: a double bond, which can have configuration cis or trans, and an asymmetric 

carbon atom, which may get two opposite configurations. They were therefore called di-tattical. 

he polymers obtained from the stereo regular pentadiene-1, 3 are reported in figure 4. 

 

 
 

Figure 3 – four steroregular butadiene polymers 
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Figure 4 – steroregular 1,3-pentadiene polymers 

 

 

I will not dwell further on the synthesis of stereoregular polymers of diolefins, which continued 

even after 1963 and has provided a large class of crystalline polymers. The polymerization of 

diolefins, for fact that these monomers can give monomeric units of different type, certainly has 

shown, more than that of mono-olefins, as great is the ability of catalysts based on transition metals 

stereocontrol the polymerization. The synthesis of crystalline polymers structure respectively 1,4-

cis, 1,4-trans and 1,2 represented a giant leap forward compared to the methods polymerization 

before known. 

Let me now turn to some personal memory. The polybutadiene l, 2 syndiotactic was for the first 

time synthesized April 7, 1955. I took the polymer to my friend Paolo Corradini, who after 

examining the spectrum Dust said, "Purify and then take it back, because this polymer probably 

contains many mineral impurities". We must then keep in mind that all the attention was given to 

isotactic polymers and there was some difficulty in accepting the idea that there could existing 

polymers having a different type of stereoregularity. 

In reality, the polymer did not contain mineral residues (was soluble in hot heptane), and showed 

good crystallinity was formed in large prevalence by 1.2 units, according to the IR spectrum.  

My friend Corradini was convinced that he could be a stereoregular polymer of new type and the 

value of the identity period calculated from the spectrum of fiber (about 5.1 À.) attributed to him 

the kind of structure that was then called syndiotactic. 

I remember the discussions with Prof. Natta on this polybutadiene 1,2, talks taking place usually 

while you were waling in the corridor in front of the autoclaves room. The professor had realized 

that the new polymer constituted the first example of a new class of stereoregular polymers and he 

was looking for a greek name that meant "every 2" or "two by two", to indicate that the same steric 

situation is repeated every 2 monomer units. The right name was found with the aid of Ms. Rosita 

and the professor's daughter Greek teacher, Mrs. Franca, a the time an high school student. These 

experts suggested syndiotactic from the greek "synduo", which means "two by two". It was born the 

first polymer with stereoregular syndiotactic structure. 

After the synthesis of polybutadiene l, 2 syndiotactic, the Politecnico began to think that some 

monomers (for example, alpha-olefins) could provide isotactic polymers, while other monomers 
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(for example the diolefins) could provide syndiotactic polymers. However, a few months after the 

synthesis of syndiotactic 1,2 polybutadiene, butadiene was obtained from a new crystalline polymer 

consists of 1.2 units, but having isotactic structure. It was October of 1955. 

This synthesis was a surprise, because for the first time, it became clear that the same monomer 

could give an isotactic polymer or syndiotactic, according to the type of catalyst used. Today, this 

seems obvious, but then it was not.  

The synthesis, in 1955, of isotactic and syndiotactic 1,2 polybutadiene has certainly facilitated the 

identification of the syndiotactic polypropylene, which was characterized in 1959. I have a personal 

memory on this point. The Prof. Natta called me one day in his studio (can not remember exactly 

when, perhaps in 1958, nor I remember for what reason) and found that was examining with Ivano 

Bassi the spectra of powdered samples of polypropylene which, in addition to the typical 

diffractions of polypropylene isotactic, also showed new bands, much weaker and difficult to 

interpret. 

I attended only the last few minutes of the discussion and I remember that at the end of the 

Professor began to smile and said, "These new diffractions could be attributed to syndiotactic 

polypropylene. After all we know that the butadiene can be polymerized as polymer l,2-isotactic, or 

1,2-syndiotactic and I can’t see why even the propylene can not give a syndiotactic polymer". 

The Professor Natta was right. The diffraction observed in some samples of polypropylene were 

indeed due to the presence of small amounts of syndiotactic polypropylene, which was then isolated 

for chromatography and characterized. Syndiotactic polypropylene was patented in 1959 and I think 

we can say that his identification was facilitated from the synthesis of syndiotactic 1,2-

polybutadiene 1955. 

This episode shows how the polymerization of diolefins had some influence on the polymerization 

of alpha-olefins. 

I should add that in the case of polymerization of diolefins we came relatively early to clarify some 

aspects of the nature of the catalysts and the mechanism of stereospecificity. The interpretation 

process was faster than in the case of the polymerization of mono-olefins for the fact that the 

stereospecific catalysts for the polymerization of diolefins were basically all homogeneous. I bring 

few examples.  

It was known since '64 that the catalysts based on cobalt and nickel used for the polymerization of 

dienes had ionic nature (G. Natta, L. Porri, Polymer Preprints, 5, 1964: 1163). In the case of the 

catalysts for the polymerization of 1-alkenes has come to the same conclusionvonly after they have 

been identified soluble catalysts for this class of monomers, so the catalysts based on metallocenes. 

In the first half of the '60s was clarified that the formation units of 1,4-cis and 1,4-trans was to be 

put in relation with the structure “anti” and “sin” in the allylic units respectively. In addition, since 

'64 it was proposed a mechanism for the formation of polipentadiene 1,4-cis syndiotactic, still 

substantially valid, based on what oday is called "migratory insertion mechanism" (G. Natta, L. 

Porri, cited work). 

Finally, let me cite the case of metilalluminoxane, from 1979 used as cocatalysts for systems based 

on metallocenes. Few people know that the aluminoxanes generally (even if the metilalluminossani 

in particular) were already used in the 60s for homogeneous catalysts for diolefins, because 

significantly more active than aluminum alkyls containing no Al-0-Al bonds. Work of the group 

over the diolefins in Milan on these catalysts based aluminoxanes have appeared since 1967, but in 

these work was being paid little attention on the part of those who worked on the polymerization of 

mono-olefins, at that time primarily interested into heterogeneous catalysts. 
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ITALO PASQUON 

 

I started to work - if I may say so - with Prof. Natta student in the fall of 1952. He assigned me an 

experimental thesis that I finished with Giorgio Mazzanti and Piero Pino, with good results, enough 

that the work was published before I graduated in December 1953. 

In '55, after the military service, I returned to the Politecnico, where Professor Natta made me 

immediately appoint temporary assistant. Then I went to full-time assistant. 

In '56 I was given the responsibility of Industrial Chemistry Course I. 

After this brief presentation I would like to first point out that Giulio Natta was not only a great 

scientist, but also a great master. As noted by Prof. Biardi, Prof. Natta has been able to make Italy 

one of the most beautiful and prestigious Schools of Modern Chemical Engineering. On his return 

to Milan, in 1938, the Chair of Industrial Chemistry, he imposed the course on radically new bases: 

rather than merely to illustrate the processes of the chemical industry, as it was the tradition, he 

based the teaching on submission and application fundamentals of chemical, physical-chemical and 

technology necessary to understand the logic, I would say the philosophy to be followed in the 

implementation process, of production and the chemical plants. Thus he gave the young students the 

training and tools necessary to address the many activities in the chemical industry and its evolution. 

As long as his health allowed him Prof. Natta personally always kept his lessons, carefully 

preparing, much to ask not to be disturbed before entering the classroom. But when his health 

would not permit more asked me to replace it and to hold, in addition to mine, also its course of 

Industrial Chemistry II and handed me the notes prepared for each lesson. I would like displays 

some of them, although difficult to read, as they say much more than any word. 

In a transparent see data of thermodynamics, in another is illustrated Eyring's theory, we find 

problems in other heterogeneous catalysis subsequent reactions, a topic on which he had made 

original studies already published. 

With this I think I have given you an idea eloquently of Giulio Natta master and teacher. 

In 1955 he asked me to take care of diffraction of electrons with Paolo Corradini, with which I 

stayed just the time required to complete a work of structural chemistry. 

 

PAOLO CORRADINI - A fundamental work, unfortunately in Italian. 

 

PASQUON - You can judge it better than me. However, this work was amusing. But Prof. Natta 

asked me to take care of polymerization catalysis, with Ettore Giachetti, a chemical of great value 

and a friend, who died prematurely. 
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I want to remember the episodes that stucked in my memory: the friends and colleagues today 

present will correct me if I'm wrong. 

Shortly after the discovery of stereospecific polymerization of propylene he called in his study some 

of us definitely Giorgio Mazzanti, Alberto Valvassori and Paolo Chini. He said, more or less, as 

follows: "If you disturb the attitude of polyethylene to crystallize it will be possible to obtain a good 

elastomer because the rotation around the bond carbon-carbon is not hindered and allows for wide 

swings. This result can be obtained by introducing into the polyethylene chain propylene units 

randomly distributed and copolymerizing ethylene with propylene; since we know polymerize each 
of these two monomers with the same type of catalyst, the copolymer should be easy to be 

prepared". 

This insight that seems trivial in these terms, the fact is that few days later Giorgio Mazzanti, with 

his group prepared the copolymer ethylene-propylene. In '58, less than three years later, the first 

plant to produce ethylene-propylene copolymers was launched in Ferrara. 



27 

 

On another occasion - I think in 1960 - called us into his office Ettore Giacchetti and Adolfo 

Zambelli, to tell us: 'We have to find out the syndiotattic polypropylene, for patent protection 

reasons". I dare to say: “if exist we have already done it": at that time we had tried dozens catalyst 

and for each polypropylene prepared we had the RX spectrum provided by Paolo Corradini. 

On the spectra of a series of polymers obtained, if remember well with dietilmonofluoruro 

aluminum and titanium trichloride, there was a small peaks that Paolo Corradini called "fly shit". 

This was happening on a Thursday or a Friday, the following Monday Paolo Corradini had already 

defined the structure of syndiotactic polypropylene.  

In the raw material we had prepared syndiotactic polypropylene has been present perhaps even at 

l% dosages. We had to separate it. I remember that the Prof. Natta said to us: "Take a column, fill 

polypropylene isotactic very pure, solve your polymer in hot toluene and pass the solution column: 

the iso must remain retained by the filler in the column while the “syndio” will pass. And so it was: 

we got a fraction rich in syndiotactic polypropylene. Shortly after Adolfo Zambelli managed to find 

catalysts that gave almost exclusively syndiotactic polypropylene.  

One last episode that I want to remember dates back at the beginning of sixties. As is known, 

ethylene-propylene copolymers being saturated are not directly vulcanizable with sulfur. It was 

important to prepare of curable copolymers. Prof. Natta called some of us, with Giorgio Mazzanti, 

Lido Porri and someone else to talk about how to obtain such polymer, or better a curable 

terpolymer. We decided to use the norbornene as termonomer, monomer which was provided to us 

by Lido Porri. So we got a terpolymer containing unsaturations and Giovanni Crespi vulcanizes it. 

All of this happened within three days. The singular fact of this episode it is not the result, because 

it turned out that it was anticipated a few weeks by U.S. patents, but the fact that in this occasion, I 

do not remember if on Saturday or Sunday, Prof. Natta telephoned me to know the outcome of the 

tests. So far still nothing strange, but the fact, I would say moving, is that the phone call I received 

was made after a delicate surgery which he had been subjected. At the hospital I found him he was 

walking with his head bandaged, arm in arm with Mrs. Rosita. This was Giulio Natta. 

 

FRANCESCO MINISCI - I wanted to tell you that these notes of Natta may be useful for the 

Library of the Academy of the Lincei and the Science Museum. 

 

PASQUON - I have about twenty of these notes Natta and is the first time I show them: they are of 

course available to the family, I have promised to Mrs. Franca and Giuseppe Natta. 

If you want some of these originals are deposited somewhere, let us know. 
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ADOLFO ZAMBELLI 

 

I arrived at the Politecnico in 1956 as a graduate student in Chemistry (I was from the University of 

Pavia) of Professor Natta. In 1957, graduated, I was hired by Montecatini and destined to stay with 

Natta. I had arrived, as often happens to me, a little late, when the fundamental contributions had 

already been given, although recently (isotactic polymerization-specification of propylene and other 

a-olefins, saturated and unsaturated elastomers and many other things). 

Sure, there were still many things to do and so many things to understand and, I would just like to 

mention the curiosity of Natta, typical of the born researchers, and his attitude towards beginners 

(as I was), telling a small episode in which I was involved years later.  

In 1965, Flory and co-workers published a series of work (eg J. Amer. Chem. Soc, 88, 1966 2873) 

where it was argued that the viscoelastic properties of highly crystalline isotactic polypropylene 

were interpretable only by admitting that the macromolecules in reality were not highly 

stereoregular, but containing at least the 5% stere-irregularity (syndiotactic dyads) randomly 

distributed. The argument was not only of academic interest, but also for the patenting because, by 

implication, questioned the definition of polypropylene reported in the patent Natta-Montecatini and 

would compromise the grant. Since I had worked on the characterization at the molecular level of 

polypropylene via 1H NMR (were not still available techniques of 13C NMR nor even high-field 

spectrographs), Natta called me, along with two senior colleagues and more experts to discuss the 

matter. I sustained that the only spectroscopic technique that could quantitatively clarify definitively 

the macromolecular structure of isotactic polypropylene was the nuclear magnetic resonance and I 

proposed a program of crucial experiments (for the truth very expensive) which, in short, consisted 

in the synthesis of a series of propylene selectively deuterated in their polymerization with 

isospecific catalysts and the comparison of the 1H NMR spectra of related polymers. I was very 

convinced of what I said and therefore I was very surprised and annoyed when colleagues 

participating in the meeting heavily criticized the approach I proposed, according to them, it almost 

certainly would not come to fruition because: 

l) The synthesis of the monomers selectively deuterated was not described, it was very expensive 

and probably would have failed, and 2) supposed to have the deuterated monomers, during 

polymerization were possible “scrambling" H-D which would have invalidated the results.  

I replied hardly reiterating that what I had proposed had no alternative that the risk of not getting 

nowhere was ran by me and Montecatini, which otherwise was only riscking to pay me for six 

months without conclude anything. The meeting ended without Natta saying anything. A few days 

later I met him at the entrance of the Institute, I greeted him and he said only, "Zambelli, do your 

best". It did not take more, because I was determined to come anyway in charge of the matter. 

Looking back at a distance, I think I understand the dissenting opinions and the risks. The real risk 

was not that the experiment fails (sore little), but he could fully giving reason to Flory. I brought 

forward the work (I was fanatically convinced in what I was doing and it did not pass in my mind 

this possibility) and fortunately we could demonstrate that the highly isotactic polypropylene was 

containing at the most 2% of syndiotactic dyads (this was the sensitivity limit of the spectra) and we 

published the results (Makromol. Chem., 110, 1967). 

Then I discovered that, as a true researcher, Natta was curious till the imprudence and he was also 

brought to trust in the enthusiasm all its employees, even the youngest. 
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ENRICO ALBIZZATI 

 

I cannot say I have a deep knowledge of prof. Natta exclusively for personal or age reasons. I 

should note though, even though I met him a few times, I had a truly "vital" relationship with him 

because he signed me the authorization to use the canteen of the Polytechnic. 

Extremely deep was instead my interaction with the scientist of his school: one of between all of 

them prof. Umberto Giannini recently disappeared. 

I had the fortune to work with him for about 30 years and of had him as a consultant when I moved 

in Pirelli. 

Umberto Giannini really taught me a lot, resulting to me and his collaborators not only a model of 

scientific rigor, but also an interpreter of the moral stature that hovered in the group of Natta. 

I would like to mention some of the most important achievements of the prof. Giannini. 

For example the synthesis of benzyl derivatives of Zirconium and Titanium, the first example of 

organometallic compounds with binding transition metal-carbon stable. 

These compounds have been employed as monometallic catalysts in the synthesis of polyolefin. In 

particular in the case of propylene this foundings represented the first synthesis of an isotactic 

polymer in homogeneous solution. 

As a second example I can say that the contribution of prof. Giannini to the knowledge and the 

industrial development of Ziegler-Natta catalysis were highly significant as evidenced by the 

numerous journals and as author in numerous patents. 

Indeed, after the discovery of high yield catalysts based on TiCl3 and TiCl4 supported on MgCl2 

carried out in Ferrara by the group of Dr. Adolfo Mayr (which died recently) extremely active in the 

synthesis of poorly stereoregular polyethylene and polypropylene, prof. Giannini, with brilliant idea, 

discovered that it was possible to increase the stereospecificity of the catalytic systems using 

electrondonor compounds. 

In previous intervention Giampiero Marini showed the evolution of these high yield catalysts 

occurred through the work of more than 30 years of scientific research conducted by the group of 

Giannini which I am honoured to have been part.  

This journey started with the use of esters of aromatic acids, continued with the phthalate-silane 

coupled to the latest combined diethers with polymerization processes that become more 

sophisticated, has allowed Montedison and its subsequent developments (Himont, Montell now 

Basell) to hold an indisputable leadership in the production of polypropylene for almost half a 

century to present day. 

I wanted to underline another dimension to this bright period of research collaboration between the 

School of Prof. Natta and Montedison, the birth of a new professional family: the men of the Patent 

Office. 

Of all I would like to remind Dr. Lido Zambon who taught us how important it was invented but 

also important to protect the discovery with a proper patent coverage. 

Truly genius was his intuition to claim in many patents the X-ray spectrum dell'MgC2 "activated" 

as essential  part of the catalysts. This has been and continues to be an insurmountable obstacle to 

competing companies.  

I worked 29 years in the frame of the Ziegler-Natta catalysis, today I take care of others things, I’m 

CEO of Pirelli Labs, what I have acquired by the School of prof. Natta and I tried to transfer in this 

new activity is the will continue to be even in a new field the frontrunner in terms of knowledge and 

therefore to have the ambition “to get copied and not to copy others." 
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FAUSTO CALDERAZZO 

 

In my time I will try to highlight some important scientific results arising from the School of Prof. 

Natta, who have not yet been mentioned in the course of the interesting discussions of this 

conference, particularly centred on the results of all innovative obtained in the field of 

stereospecific polymerization. Prof. Natta, I had the privilege of knowing in my role of collaborator, 

in the years 1954-1962 at the Institute of Industrial Chemistry the Polytechnic of Milan, was also 

active in different fields than only the polymerization, obtaining also here innovative results at the 

international level. In particular, he has faced fundamental problems in the field of chemistry of 

carbon monoxide and in the hydroformylation (the process by which olefins are converted to 

aldehydes with carbon monoxide and di-hydrogen). 

The first point a) here below highlights the fact that at constant pressure of CO (Pco), the speed of 

the hydroformylation reaction increases as the pressure of di-hydrogen increases. While this first 

step is also quite intuitive and consistent with the composition of the reagent, the second point b), 

indicates that, on the basis of experimental data, a constant pressure of-hydrogen the speed of the 

reaction increases with the Pco up to a maximum located in the neighbourhood of 10 atm, and then 

decreased with a further increase. 

 

The Hydroformylation Reaction 

 

[Olefin + CO + H2  aldehydes] 

a) At constant CO pressure, rate increases at increasing di-hydrogen pressure; 

b) at constant di-hydrogen pressure, rate increases with increasing CO pressure up to about 10 atm, 

and decreases at higher CO pressures. 
 

(G. NATTA, R. ERCOLI , S. CASTELLANO, F. H. BARBIERI, J. Am. Chem. Soc., 76, 1954: 4049)  

 

The data presented here derived from a work that Prof. Natta and his collaborators, Ercoli, 

Castellano and Barbieri published in 1954, where you communicate the discovery of a phenomenon, 

still do not fully clarified, called the actual negative pressure carbon monoxide on the rate of 

hydroformylation. Similar effects have subsequently been identified for other catalytic reactions 

involving systems olefin/CO/Co2(CO)8. 

This effect has been published substantially in contemporary by two other research groups. No 

work of Prof. Natta and his collaborators appeared in the “Journal of the American Chemical 

Society” in 1954. 

Almost simultaneously appeared a note of “Chemistry and Industry”, while the announcement of 

the same effect also occurred at the 126th Meeting American Chemical Society in September 1954 

by Irving Wender and co-workers, operating at the Bureau of Mines in Pittsburgh. 

 

The Hydroformylation Reaction (effect of CO pressure on rate) 

 
- G. NATTA, R. ERCOLI, S. CASTELLANO, F.H. BARBIERI, ]. Am. Chem.Soc., 76, 1954: 4049. 

- A.R MARTIN, Chem. Ind. (London), 1954: 1536. 

- H. GREENFIELD, S. MELIN, I. WENDER, !26th ACS Meeting, New York,Sept. 12-17, 1954.  

 

In a subsequent article on “Chemistry and Industry” [G. Natta, R. Ercoli, S. Castellano, Chim. Ind. 

(Milano), 37, 1955: 6], G. Natta and his collaborators present the details of the kinetic study of the 

hydroformylation reaction of cyclohexene. It is always difficult to identify the critical points of 

scientific development. There is however to be considered that these data, obtained in the laboratory 

of Prof. Natta, have led to the opening of other fields of research, some of which are still very 

present in the field of Inorganic Chemistry. Indeed, in connection with the so-called negative effect 

mentioned above, Ercoli and co-workers had already studied in the fifties balance between 
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Co2(CO)8 and Co4(CO)12, hence with the species having a ratio CO/Co of 3, lower than the 

precursor Co2 (C0) 8.  

At that time, was found that the formation of the derivative tetranuclear is endothermic, data later 

confirmed by studies carried out by Gyorgy Bor in the Laboratories of the ETH in Zurich, at the 

time headed by Prof. Piero Pino. 

The release of bonded carbon monoxide determines the formation of metal-metal bonds, being 

generally more weak than the metal-CO bond determines the endothermic nature of the process. 

 

Endothermic formation of metal clusters 

 

2 Co2(C0)8  ↔ Co4(C0)12 + 4 CO 

a) ΔH0 = + 138 ± 2 kJ mol-1 

b) ΔH0 = + 123.3 ± 2 kJ mol-1 

    ΔS0 = + 564 ± 12 ] mol-1 K-• 

 
a) R. ERCOLI, F. BARBIERI-HERMIITE, Ace. Naz. Lincei. Cl. Sci. Fis. Mat. Nat. Rend., 16, 1954: 249; Chem. 

Abstr., 48, 1954: 10408i. 

b) G. BoR, K. DIE1LER, ]. Organometal. Chem., 191, 1980: 295. 

 

2 Rh2 (C0)8  ↔ Rh4(C0) 12 + 4 CO 

ΔH0 = + 58.6 ± 10 kJ mol-1 

ΔS0 = + 305 ± 25 J mol-1 K-1 

 
F. OLDANI, G. BOR, ]. Organometal. Chem., 246, 1983: 309.  

 

Paolo Chini, who, after a period spent in Ferrara, he returned to the Polytechnic of Milan, began to 

study metal system in cluster, getting the results of high international level. It must consider, as the 

rest Chini himself declares in his article summarizing, that the interests in respect of the systems in 

the pluri-metal cluster were derived from studies of Natta and co-workers on the effect of CO on the 

speed of the hydroformylation reaction. We cannot finish this topic without mentioning the fact that 

at the end of the fifties, Corradini and his team had solved the structure of the compound 

tetranuclear Co4(CO)12. The conclusions reached were then fully confirmed, for this compound, by 

a follow-up study some years later by F. A. Cotton.  

Piero Pino began his scientific career at the Polytechnic of Milan, and then, before you even move 

at ETH of Zurich, has spent many years of intense scientific activity at the University of Pisa, where 

he created a school of Macromolecular Chemistry very robust, and of which Professor F. Ciardelli 

is certainly one of most authoritative representatives. 

I’m obliged to thank Prof. Natta for the initial years of my training at the Polytechnic of Milan, 

where we learned a methodology of work, soaking up the atmosphere of scientific innovation, and 

absorbed forever attachment to scientific research Giulio Natta was able to instill in your staff. 
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LUIGI CASSAR 

 

It is an honour for me to close this meeting, even if undeserved. 

I barely touched the Ziegler-Natta catalysis at the beginning of my career, when in 1961 I was at the 

"Donegani" Novara and I deposited a patent on the isotactic polymerization of styrene, in special 

solvents, which allowed to obtain important technological advantages. 

It is, therefore, certainly undeserved opportunity offered to me and thank you too, because for me it 

is a great pleasure to find myself together with you after more than 40 years working in the industry. 

We have talked about a man who was a great scientist, who was a great manager because he knew 

how to choose men, and he knew how to let them together and make them work. Who knows how 

many quarrels he had to overcome surely you had be confronted with different ideas and he had to 

activated himself in an smart way to find constructive solutions. 

It was, therefore, a great man, a great manager, a great teacher, because it was also able to be a 

manager and these are conditions not easily repeatable: you can’t find every day a scientist of that 

level. 

The chemistry evolves, it is important today hydroformylation, tomorrow is important to the 

polymerization, the day after tomorrow are important other things, Biology, which then it is still 

chemistry, materials. 

In the sixties, arguably, the presence of Chemistry in Italy was much stronger than today, Italy, little 

by little, lost and today there is a European Chemicals where Italy can do his part if plays cards 

correctly and whether it promotes adequate schools. 

Natta was a great figure and I think that you will prove that: you demonstrated that it was a great 

and that is not easily repeatable what he did. I say no more, thank you very much for had me invited. 
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