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NOTE 

Low pressure synthesis of cobalt carbonyls 

High pressure methods for the preparation ofcobalt carbonyls in largequanti- 
ties and in good yield such as dicobalt octacarbonyl are well documented’. However, 
this preparative approach has rather obvious disadvantages. A number of methods 
are available for the preparation of some of these species at low prcssurez - ’ ; here the 
percentage yields are frequently in the 50 “; range, but these methods suffer from the 
fact that they cannot be used for larger scale preparations. 

We describe a method wherein the basic reaction of Gilmont and Blanchurd’ 
is utilized in a novel htshion which allows cobalt carbonyl synthesis in the 10-100 g 
range. 

The basic apparatus was given very preliminary description earlier”. The heart 
of the apparatus is a 3 or 12 liter, three-necked flask equipped with a very cbicicnt 
spray-agitator (Nester-Faust). The size of the flask to be used is determined by the 
quantity of product desired. (A creased flask may be desirable for large scale runs.) 
The larger vessel is only slightly less convenient to use than the smaller one. The 
spray-agitator is a Teflon cylindrical block equipped with two stiff plastic tubes 
extending through and slightly below the cylinder. The tubes are bent :rt the top and 
beveled at the bottom in such a way that when the cylinder is rotated, 1argequ;mtitics 
of solution or slurry are picked up at the bottom and thrown against the sides of the 
flask. The surface contact between liquid and gas is quite cstensivc. The connecting 
rod to this agitator enters the flask through an Q-ring seaicd gland. This gland is 
fitted into a 24/40 joint which is the upper part of an adaptor in the center neck that 
has a tube extending about halfway into the flask. This tube is equipped with it loose 
fitting Teflon ring to act asa bearing support which helps to stabilize the long conncct- 
ing rod. A well-braced medium to high speed motor is used for the stirring. 

The gas inlet is through one of the side necks. This neck is equipped with an 
addition funnel containing a T-bore stopcock, making it possible to add chemicals 
without exposing the flask to the atmosphere. The funnel is designed such that the 
inlet gas can be bubbled through the solutions in order to degas them before they arc 
admitted to the flask as suggested by Gilmont and Blanchard2. Our yields arc swfii- 
ciently varied, however, that it is not clear whether this served any significant function. 
It did seem important to purify further the CP. carbon monoxide. This is done by 
passing the gas over copper wire heated to about 500° in a tube heated by a nichrome 
wire heater, This also removed the rather appreciable quantities of iron pentncurbonyl 
that are inevitably found in cylinder carbon monoxide. A water bubbler and a simple 
oil manometer on the inlet side are used for flow control and to cheek far pressure 
blockages during subsequent steps. 

The gas is vented through a water bubbler from the outlet ncxk or the flask. 
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That neck is also equipped with a special dropping funnel (Kontes Glass, Cat. No. 
K-63460) through which potassium cyanide solution can be admitted slowly over the 
course of 24 to 72 h. 

The bottom of the flask is equipped with a 6 mm Teflon stopcock so that 
solutions or water can be drained readily. 

The apparatus is shown schematically in Fig. 1. Safety, of course, demands that 
the entire apparatus be contained within 2; w&vented hood. 

The prcpnration of K[CofCO),J solution is preliminary to the production of 
all othrr products. The Flask is compIeteIy purged with carbon manoxide before the 
solutions are admitted. This is accomplished most simply by filling the flask with 
water* purging the necks with purified CO, and then slowly draining the flask while 
admitting CQ. The relative quantities of chemicals are those used by Oilmont and 
Rluaeharda. Nowcver, cobalt chloride is used in place of cobalt nitrate whenever the 
t&lion is to be subsequently acidified. This was done to avoid the oxidizing power of 
Ihc nitrate ion in acid solution, In a typical small run in a 3 1 flask, 29.g g CoC12*6 Hz0 
in 15 ml H&I, 56.0 g KCIH in 75 ml H#, and 8.0 g KCN in 35 m1 Hz0 are used, 
In the 3 1 flask, these quantities can be increased 3-fold, and in a 12 1 flask they can be 
incretised perhaps 209fold. 

Tku cob& chloride and potassium hydroxide are added to the flask, yielding 
pink ~cltttinaus Co[QH)~. Water is added at this time to obtain extensive agitation. 
The tlddition sf water should be kept to a minimum. as an excess only serves to slow 
dewn the rate of reaction. The solution becomes much less viscous as the reaction 
p~zweda,Absut IO n/,ofthe cyanide is added immediately to get the reaction started, 
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and the rest is added slowly over the course of 24 to 72 hours. depending upon the 
scale of the reaction. Carbon monoxide is absorbed at a rate of 50-100 cc,/min at first. 
and this absorption continues at only a slightly diminishing rate until the initial 
viscous pink suspension is converted into an orange-yellow solution containing a 
small quantity of a pinkish-white solid. If a reaction is not complete. the further 
addition of a few ml of cyanide will increase the rate of absorption, whereas if it is, a 
littlegasmay well be evolved. Usually, the reaction is complete before all of the cyanide 
has been added. 

This solution is converted into the other products. For the production of 
hydride, 150 ml of coned. HCI are added slowly to the carbonyl cobaltate solution 
cooled in an ice bath. barge quantities of carbon dioxide are produced in the process, 
and the venting of this gas is the main factor limiting the rate of acid addition. Carbon 
monoxide is used to purge the CO, and HCo(CO), from the system. The gas stream 
is dried over granular P,O1 0 and then the hydride is condensed in a -7X‘ trap. A 
large bore trap is necessary to avoid plugging problems, It takes 12 to 36 h to sweep 
all of the hydride from the system in the larger runs. The hydride is a colorless to light 
yellow material. 

The hydride is converted into dicobalt octacarbonyl by allowing the trap to 
warm slowly to room temperature while carefully venting the escaping gases. The best 
product results when the hydride is allowed to warm sIowly to the decomposition 
temperature ofabou t - 20°. This can be accomplished by allowing the flask containing 
the hydride to warm in an empty dewar which had been cooled to the storage tern- 
perature of - 78’. This slow decomposition during the course of several hours yields 
a product as a lump of large reddish-brown crystals on the bottom of the trap. Thcsc 
crystals are sufficiently stable to be handled briefly in air with little decomposition. 
The conversion is essentially quantitative, 

Cobalt nitrosyl tricarbonyi is pr.oduced as described briefIy earlier”. Cylinder 
nitric oxide, freed from NO, by a trap cooled to - 78*. is passed inro the K [Co(CO),] 
solution either directly or after its partial neutralization by hydrochloric acid. TIx 
volatile compound is swept out of the system by a CO/NO gas misturc. dried by 
PjO10 or 4A Molecular Sieves and trapped at - 78”. The product is a red liquid with ;I 
freezing point of about 0”. 

The mercury salt, Hg[Co(CO),J2 is produced by adding HgCl, solution and 
nitric acid to the K [Co(CO),] solution. The crude product is filtered and purified by 
recrystallization from acetone, The product had a melting point of 81.0-81.5”. This 
work was done with special attention toward obtaining high yields as an attempt II) 
determine the amount of K[Co(CO),+] actually present in solution. 

The yields of these products were somewhat variable, and it was never possible 
to really pinpoint the source of the variation. The rccovcry procedure is usually felt 
to result in considerable loss, especially with unstable species Iike HCO(CO)~, The 
yields discussed below result from six to twelve preparations of each con~pound. 

Cobalt carbonyl hydride. and from this dicobalt octncarbonyl. could bc 
produced in about 7 to 13 g quantities representing 30 to 57 7,; yields starting from 
31.7 g ofCoC1, *6 H20. The production of these two carbonyls Was scaled up further’ 
in a I2 1 flask.As an example of two representative runs, 43.7 and IO5 g of HCo(CO), 
were produced from 149 and 597 g of CoCI,*6 H20, respectively, for 40 and 24 ‘I,, 
yields, It is not certain that iIn? particular signiIicance can bc placed on the IOWL’I 
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yield of the larger scale run. 

NOTE 

Cobalt nitrosy tricarbonyl was produced in 6 to 11 g quantities in about 28 to 
512, yields from 36.5 g quantities of Co(NO,),4 l-I@. 

Themercurycobait carbonyl wasproducedinquantitiesofl8 to22gwithyields 
of 53 to 65 % from 29.7 g of CoC12*6 H#. The ultimate,amount of Hg[Co(C0)& 
in the impure product was estimated to run as high as 80 to 85 %. 
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