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THE expression "Osmotic Force" (from ~up~c, impulsio) has reference to the endosrnosc and exosmosc of DuTROCHF.T. · We may succeed in covering a solution of salt occupying the lower part of a glass jar by a stratum of pure water without much intermixture of the two liquids. A force, howevet·, is thereby brought into action w·hich carries up the salt in a gradual manner, dispersing it and ultimately producing a uniform mixture of the salt with the whole volume of water. The molecules of salt have the liquid condition when in solution as well as those of water itself, and we have in the experiment the contact of two different liquids, which must of necessity diffuse through each other, the molecules of a liquid being self-repellent, or subject to a force the same in kind but less in degree as that which gives to gases their elasticity and diffu sibility. The force of liquid dill'usibility will still act if we interpose between the two liquids a porous sheet of animal rnembmnc or of unglar.cd earthenware; for the pores of such a septum arc occupied by water, and we continue to have an uninterrupted liquid communication between the water on one side of the septum and the saline solution on the other side. To impel by pressure any liquid through the pores of such a septum may be extremely difficult, from the interference of frictional resistance and th·e attraction of capillarity. But these last forces act on masses and not on molecules, and the ultimate particles of water and salt which alone diffuse, appear really to permeate the channels of the porous septum with little or no impediment. A comparative expel'irnent on diffusion, with and without septa, is easily made by means of a wide-mouthed phial, which is filled completely with tlJC saline solution and then immersed in water, in one experiment with the mouth of the phial open, and in the other experiment with the mouth covered by membrane. In a fixed tirne, such as seven days, a certain quan1\lDCCCLIV.
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tity of salt leaves the phial by diffusion. This quantity was reduced to one-half when the strong and thick membrane of the ox-gullet was used to cover the mouth of the phial; and it was not affected in a sensible degree by passing through a thinner membrane, consisting of ox-bladde1· with the oute1· muscular coat removed. In the last experiment the actual diffusates we1·e 0·631 gramme common salt in the absence of the membrane, and 0·636 gramme common salt with the membrane interposed, which may be considered as the same quantity. The diffusion of a salt appears to take place, the1·efore, without diffieulty o1· loss through the s ubstance of a thin membrane, although the mechanical flow of a liquid may be nearly stopped by such an obstacle. It is well to beat· in mind the last fact in the consideration of what is seen in an endosmotic expe1·iment. An open glass tube, with one end expanded into a bell form and covered by tight membrane, forms a vessel which may be filled with a saline solution and immersed in a jar of pure wate1·. The volume of liquid in this osmometer s.:>on begins to incl'ease and is observed to rise in the tube, while the simultaneous appearance of salt in the watel' of the jar may easily be verified. M. DuTROCHET described the l'esult as the movement of two unequal stt·eams through the membrane in opposite directions, the smallet· stream being that of the saline solution flowing outwards, and the lm·ge1· that of pure water flowing inwards. The double cnrrent has been always puzzling, but the expression of the fact becomes more conceivable when we say (as we may do truly) that the molecules of the salt travel outwards hy diffusion through the porous membrane. It is not the wbole saline liquid which moves outwards, but merely the molecules of salt, thcit· watet· of solution being passiy_e. The inward cunent of water, on the other hand, appears to be a true sensible stream ot· a current carrying masses. The passage outwa1·ds of the salt is inevitable, and being fully accounted for by diffusibility, require3 no further explanation. It is the water current which requires consideration, and for which a cause must be found. This flow of water through the membrane I shall speak of as osmose, and the unknown power producing it as the osmotic force. It is a force of great intensity, capable of supporting· a column of watet· many feet in height, as shown in DuTROCHET's well-known experiments, and to which natumlists m·e generally disposed to ascribe a wide sphere of action, both in the vegetable and animal kingdoms. , Cannot liquid diffusion itself, it may first be asked, contribute to produce osmose ? Diffusion is always a double phenomenon, and while molecules of salt pass in one dir·ection through the membrane, molecules of water no doubt pass by diffusion in the opposite dit·ection at the same time, and replace the saline molecules in the osmometet·. Water also is pl'Obably a liquid of a high degree of diffusi bility, at least it appears to diffuse four times more rapidly than alcohol, and four 01· six times more rapidly tberefol'e than the less diffusive salts. A possible consequence of such inequality of diffusion is, that while one gmin of a certain salt diffuses out of the osmometet·, fom o1· six grains of watet· may diffuse into the osmometer. Liquid diffusion, I believe, genemlly tends to increase the volume of liquid in the osmometer, and a
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portion, if not the whole, of the s mall os mose of chloride of sodium, sulphate of magnesia, alcohol, sugar, and many other organic s ubstances may be due to the relatively low ditfu~ihility of s uch liquefied l>tHiies compared with the diffusibility of water. But many substances, it will intmetliately appear. arc replacl'd in experiments of endosmose. uot. by fo ur or ~ix. hut by Sc \· era l hundred tir~~t·s their volume of water·, and manifestly ~orne ot her force bes id es ditrn sion is at n·o rk in the t) uwrneter. An explanation of osmose has been looked for in capillarity by PorssoN, MAGNUS, ami by DtTHOCHET himself. Cornbining- ditru sio n with this idea, we might imagine that the pure water which first occupies the pores of the septum, sufrers a sudden and great loss of its capillarity-force wh e n the sa lt of the osmometer enters the pores by diffusio n and mixe s with the water they contain. Experiments published by DuTROCHET give a capillary ascension to pure water of 12 millimeters, and to a solution of co mmon salt, of density 1·12, 6·14 millimeters, or only one-half of the former ascension. If a porom; sept u111 , occupied by sucl.1 a saline solution, had the same solution in contact with one surface and pure water in contact with the other surface (the actual condition of the sept um in an osmot ic experiment), the pure water· should en ter the pores from its hi gh ca pillary attraction, and, lik e a so lid piston, force out tl1e salin e solution from them: the sa line solution so displaced would go to swell the liquid within the osmometer. \Vhcn the pnrc water, !l O ll' again occupying the pores, came in ti111 e to ac


..



\Vate r, at 58° FAHH. Water, at 66° Carbonate of potash, 0·25 per cent., iu watc1·, at u:io Caruonate of potash, 10 per cent., in water, at 66° Carbonate of soda, I per cent., at 61 ° Carbonate of soda, I 0 per cent., at 55° Sulphate of potash, 1 per cent., at 58°
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·Sulphate of potash, saturated solution, at 58° . Sulphate of soda, I per cent., at 55° . Sulphate of soda, IO per cent., at 58° Hydrochloric acid, 1 per cent., at 63° Sulphuric acid, o·I per cent., at 63° Sulphuric acid, I per cent., at 63° Sulphuric acid, 5 per cent., at 63° Sulphuric acid, 10 per cent., at 63° Sulphuric acid, undiluted (HO S 0 3 ) , at 63° Oxalic acid, l per cent., at 66° Oxalic acid, 4 per cent., at 62° Ammonia, 0·1 per cent., at 66° Ammonia, I per cent., at 66° . Ammonia, I 2 per cent. (0·943 sp. gr.), at G6° Sugar, 10 per cent., at 65° . Alcohol, 0·8 per cent. (0·9985 sp. gr.), at 60° Alcohol, 4·5 per cent. (0·992 sp. gr.), at 63° Alcohol, 7·8 per cent. (0·987 sp. gr.), at 60° Alcohol, 71 per cent. (0·869 sp. gr.), at 63°
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Alcohol falls in the greatest degree below water in capillarity, yet the fo1·mer substance is one of the least remarkable for the powe1· to occasion osmose. Fig. I. The newer facts to be related also increase the difficulties of the capillary theory of osmose. My own experiments on osmose \Hre made with both minet·al and organic septa. I. A convenient earthenware or baked clay osmometer is easily formed by fitting a glass tul>e and cover to the mouth of the porous cylinder, often used as a cell in GnovE's battery, as in fig. I ; the cylinder was generally 5 inches in depth by 1·7 inch in width , inside measure, and was capable of holding about six ounces of water. Gutta percha is much preferable to brass as the material for the cap or cover. The glass tube above was also comparatively wide, being O·G inch or 15 millimeters in diameter, and was divided into millimeters. It was not more than 6 inches ·in length. Each of the divisions Ol' degrees amouuted approxirnatively to 7 hfth part of the capacity of the day cylinder. In conducting an experiment, the cylinder; always . previously moistened with pure water, was filled with any saline solution to the base of the glass tube, and immediately placed in a ja1· of distilled water, ofwhich the level was kept adjusted to the height of the liquid in the tube of
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the osmometer thronghout the whole experiment, so as to prevent inequality of hydrostatic pressure. Tbe Yolume of watet· in the jar was comparatively large, fifty to eighty ounces. The rise or fall of the liquid in the tube was noted hourly for five hours. This rise commenced immediately, and was pretty uniform in amount for each hour during the short period of the experiment. The object aimed at was to obset·ve the osmose of the solution before its composition was materially altered l>y dilution and the escape of salt by diffusion. The quantity of salt difl"used from the osmometer into the water-jar dming the experiment was also observed. After every experiment the osmometer was washed out by distilled watet·, which was allowed to permeate the porous walls of the cylinder, under the pressure of a column of water of about 30 inches in height, for eighteen hours. All the experiments were made at a temperature between 5u 0 and 64°. The clay osmometer attained a considerable degree of uniformity in its action, when the same saline solution was diffused from it once in each of two or three successive days, with a washing between each experiment. A single observation is not much to be relied upon, as the first experiment often differs considerably from the others. One per cent. solutions were always used when the proportion of salt is not specified. Much larger proportions of salt have hitherto been generally employed, but it was cady observed that the osmose absolute ly greatest is obtained with small proportions of salts in solution. One part of salt to 400 water gives a higher osmose in earthenware than any other proportion for the great majority of substances. Osmose appeared, indeed, to be peculiarly the phenomenon ot dilute solutions. With the same proportion (l per cent.) of different substances, the osmose varied from 0 to SO degree . Occasionally, instead of a rise of liquid in the tube, a fall was observed; the fall may be spoken of as negative osmose, to distinguish it from the rise or positive osmose. Soluble substances of every description were tried, and find a place in the following
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classes:1. Substances of small osmotic power in porous earthenware; osmose under 20 of the millimeter degrees (ms.). This class appears to include nearly all neutral organic substances, such as alcohol, pyroxylic spirit, sugar, glucose, mannite, salicin, amygdalin, salts of quinine and morphine, tannin, urea; also certain active chemical substances, wltich are not salts nor acids; chlodnc water, bromine water. The great proportion of neutral salts of the earths and metals proper also, belong to the same class, such as chloride of sodiurn, of which the positive osmose was greatest in a solution containing no more titan 0·125 per cent., being 19 rns. with that proportion of sa lt, but falling off and often becoming slightly negative with 1 per cent. and higher proportions of salt in solution. Ch lorid e of potassium is similar . Nitrate of . oda gave an osmose of H, nitrate of silver of 1~ rns. The salts of the magnesian oxides are all low and sometime slightly negative.
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Ch~o1·ides ot barium and strontium both gave 18 ms.; nitrate of strontia, 5 ms.; sulphate of magnesia, 0·5 per cent., 2 ms.; l per cent., 2 ms.; 2 per cent., 3 ms.; sulphate of zinc was very similar, +2 to -2 rns., from 0·5 to 2 per cent.; chloride of mercmy, 1 per cent., gave 6 and 8 ms. in two experiments. 2. Substances of an intermediate degree of osmotic force; osmose from 20 to 35 degrees. Sulphurous acid gave 20 ms. Certain vegetable acids have a similar osmose. Tartaric acid, in solutions of 0·25, l and 4 per cent., gave 24, 26 and 28 ms.; citric acid, l per cent., 30 ms. Also monobasic acids, such as hydrochloric acid, nitric acid, acetic acid, h.ave the same moderate osmotic action in porous earthenware. 3. Substances of considerable osmotic power in porous earthenwme; osmose from 35 to 55 ms. In this class are found the polybasic mineral acids: sulphuric acid, o·s per cent., gave even 63 ms.; 2 per cent., 54 ms., or nearly the same osmose as the smaller



proportion of acid. In another earthenware cylinder, the following observations on the osmose of sulphuric acid were successively made:-



o·1 per cent. 4



10



per cent. per cent. per cent.



4:~ and 43 40 and 40 ~~ l and 39 ~~8 and 39



ms. ms. m s. ms.



The results exhibit much similarity of osmose through a great range (1 to 100) in tbe proportion of acid. So small a. quantity of this acid as l part in I 000 water, appears to give as great an osmose a~ any larger proportion of acid. Certain neutral salts, sn lphatc of potash, sulphate of soda, sulphate of ammonia, belong tu the same class. With su lphate of soda the osmose for the different proportions 0·125, 0·25, 1 and 4 per cent. of salt, was 4G, 47, 36 and :H ms. respectively; the osmose diminishing with the increased proportion of salt. Of snlpl1ate of potash, 0·25 per cent. gave 5 l ms.; 1 per cent. 46 ms., and 4 per cent. 38 ms., showing no great change from one quarter to 1 per cent.; chromate of potash, 1 per cent., gave an osmose of 54 m . 4. Substances exhibiting the highest degree of osmotic power in porous earthenware. Salts _of the alkalies, possessing either a decided acid or alkaline reaction, and certain neutral salts of potash. Binarseniate of potash gave G6 ms.; Rochelle salt 82 ms. With binoxalate of potash the osmose observed in an earthenware os111orneter wasFor 0·02 per cent. o·o5 per cent. 0·1 per· cent.



32 ms.



55 Ill S.



63 ms.
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For 0·25 per cent. 1 per cent. per cent. 2
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70 ms. (highest) 63 ms. 56 ms.



Of salts having alkaline propetties, phosphate of soda gave 70·5; borax, carbonate of soda and bicarbonate of soda all gave numbers which ranged above 60 ms. in various osmometers. To the same class also belong certain strong acids, phosp horic acid giving an osmose of62 rns., glacial phosphoric acid of 73 ms. The caustic alkalies have probably too strong a disorganizing action upon the septum to allow osmose to proceed undistmbed. They give a positive osmose when present in a minute proportion, but very soon attain their terme moyen, and then become slightly negative. Caustic soda, 0·01 per cent., gave 24 ms.; 0·02 per cent., 29 ms.; o·os pet· cent., 3 I ms., which was the highest osmose observed; o·I per cent., 22 ms.; 0·25 pet· cent., 3 ms.; I per cent: and 2 per cent. of caustic soda gave both -10 rns. It appears most clearly that highly osmotic substances are also chemically active substances. Both acids and alkaline substances possess the affinities which would enable them to act upon the silicates of lime and alumina, which form the basis of the earthenware septum. Lime and alumina were accordingly found in solution after osmose, and the corrosion of the septum appeared to be a necessary condition of the flow. It was found impossible to exhaust the whole soluble matter of the walls of the earthenware osrnometet·, by washing, eithet· with water, or with a dilute acid, for the process of decomposition appeared to be interminable. After such washings the action of an osmometer was often greatly modified upon salts of moderate osmose, such as chloride of sodium; and similar changes gmdually took place in the osmometers when used in ordinary experiments with saline solutions. It is on this account that I avoid the lengthened detail of numerous experiments which were made with the earthenware osmometer, and confine myself to genet·al statements. Further, the potash salts were also largely kept back or absorbed by the earthenware, a phenomenon of the same class as the retention of alkalies by aluminous soils, which has been studied by Messrs. THoMsON and WAY. Other septa, which were not acted upon by the salts, were found deficient in osmotic activity, although possessed of the requisite degree of porosity. Gypsum, compressed charcoal, and tanned sole-leather, gave rise to no osmose when permeated by saline solutions. White plastic clay had an osmotic powet· which was quite insignificant when compared with that of baked clay: now the former may be considered as an aluminous compound, upon which the decomposing action of water has been already exhausted, while the latter is in a form more liable to decomposition, in consequence of an effect of beat upon the constitution of the aluminous silicates of the
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clay. A plate of Caen stone, which is an impure limestone, was greatly more active with a so]ution of carbonate of potash than a plate of pure white marble was. The effect of impurities in making limestone suitable for osmose did not escape the observation of DuTROCHET; it was referred by him to the attraction of alumina for water. Mere capillat·ity, therefore, is insufficient to produce the liquid movement, while the vis motrix appears to be some form of chemical action. For the proper appreciation of a chemical theory of the osmotic force, I would now invite attention to a purely speculative subject, namely, the molecular constitution of water and saline solutions. Allowing that water, in the state of vapour, is correctly represented as a compound of one equivalent of oxygen and one of hydrogen, it may still be true that the molecule of liquid water is a varying aggregate of many such molecules, or is n times HO. llut if so mnch is conceded, a new and peculiar grouping of the atoms of oxygen and hydrogen becomes not only possible but probable. Instead of arranging them in a series of pairs of H+O, H+O in our compound molecule, we may give a binary form to that molecule in which a single atom of oxygen is the negative or chlorous member, and the whole other atoms united together form a positive or basylous radical. In this radical we have a certain multiple of HO with one H in excess, the last condition being most usual in compound radicals, such as methyl, ethyl, benzoyl, &c., which !lave all a single unbalanced equivalent of hydrogen; H,. 0,.= (H,.+ 1 Om) +O. FUI'ther, this new oxide should be more easily decomposed than oxide of hydrogen, HO. The basicity of the radical (H,,+ 1 0 ,. ) depends upon the disproportion of the equivalents of oxygen and hydrogen in its constitution, there being one of hydrogen in excess. Now that dispmportion becomes less as we ascend, as in 3H+20, llH+lOO, 1011-l+IOOO; and the more feeble the basyl-atom, it may be supposed to retain less forcibly its fellow oxygen-atom or other negative element with which it is combined. 'When water, therefore, has to undergo decomposition in a voltaic circle, it will naturally assume the molecular arrangement supposed, as being the binary form which is most easily divisible into a positive and negati\'e element, or that in which water is most easily decomposed. This molecular view has IJeen brought forward at present principally for the aiel which it gives in conceiving what is lmown as electrical endosmose. This interesting phenomenon, first well developed by out· colleagne Mt·. PoRRETT, has very lately been defined with great clearness by M. WIEDEMANN*. The water which accumulates at the negative pole (or follows the hydrogen), in the electrolysis of the pure liquid, is found to be exactly proportional to the amount of circulating affinity; that is, with every equivalent of hydrogen that is discharged at the negative pole the same quantity of water arrives there, and will force its way through a porous diaphragm to reach that destination. The reason now suggested is, that the tmvelling basylous atom in the voltaic decomposition is not hydrogen simply, but
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the voluminous basylons molecule (Hm+ 10 ,.) above descl"ibed; which again breaks up at the negative pole into hydrogen and water, (Hm+IOm)=mHO and H. But even although such a t•epresentation of the circumstances of electrical endosmose may not be fully admitted, the phenomenon itself is of great service to us, as showing that in the occurrence of chemical decompositions affecting ultimate particles, sensible volnmes of water may be involved ~nd set in motion. Further, in considering the action of chemical affinity between bodies in solution, between an acid and alkali for instance, we are apt to confine our attention to the pt·incipal actot·s in the combination, and to neglect entit·ely theit· associated water of hydmtion. Yet both the acid and base may have large trains of water attached to them by the tie of chemical union. Sulphuric acid certainly evolves heat with the fiftieth equivalent of water that is added to it, and probably in dilute solution that acid is capable of having a still greater number, indeed an indefinitely large number of equivalents of water combined with it. In fine there is reason to believe that chemical affinity passes, in its lowest degrees, into the attraction of aggregation. The occurrence of chemical decomposition within the substance of a porous resisting septum may be calculated to bring into view the movement and disposal of the watet· chemically associated in large quantities with the combining substances; as the interposition of a porous diaphragm in electrical endosmose makes sensible a translation of water in voltaic decompositions which is not otherwise observable. II. The osmose of liquids ha!' hitherto been principally studied in septa of animal membrane, which from their thinness, their ready pet·meability combined with a sufficient power of resistance to the passage of liquids under pressure, have great advantages over mineral substances. Fig. 3. Fig. 2. The great proportion of the experiments of the present inquiry were also made with animal membrane. The membrane osmometer employed, which is only a modification of the classical instrument of DuTROCHET, was prepm·ed as follows : c The mouth of a little glass bell-jar A (fig . 2) had first loosely applied to it a plate of perforated zinc B slightly convex, and then the membrane was tied tightly over the lattet· for the sake of support (fig. 3) . The quantity of metal removed in the perforations of the zinc plate amounted to 49 per cent. of the weight of the zinc. This plate was always varnished or painted to impede, if not entirely prevent, the """"'-·~~:~.~ solution of the metal by acid fluids. The usual diameter of the bulb was about 3 inches or 75 millimeters, and its capacity equal to 5 or 6 oz. of water. The tube C was usually not more than 6 inches in length, but comparatively wide, its diameter being about 7·5 millimeters, that is one-tenth 2n
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of the diameter of the mouth of the bulb, and it was divided into millimeters. The action of ·an osmometer depends chiefly upon the extent of membrane-surface exposed, and vet·y little upon the capacity of the instrument. Hence the relation of diameters (or areas) between the bulb and tube was adopted in preference to the relation in capacity, the area of a section of the tube being one-hundredth of the area of the disc of membrane, ot· ra~het· it was reduced by calculation to this relation by means of a coefficient for each instrument. Hence a rise of liquid in the tube amounting to 100 millimeters, indicates the admission into th e bulb of a sheet of water of 1 millimeter (one twenty-fifth part of an inch) in depth, over the whole sm'face of the membrane, and so in pwportion for any other t·ise in the tube. These millimeter divisions (ms.) of the tube mark therefore degrees of osmose which have an absolute and equal value in all instruments. The bulb of the instrument filled with the solution to be operated upon was placed within a cylindrical glass jar of distilled water, containing at least sixty ounces (fig. 4), and Fig. 4. during the experiment ineq ualityof hydrostatic pressure was carefully avoided by maintaining the sul'faee of the water in the jar at the level of the liquid in the tnbe. The osmometer was supported upon a tripod of perforated and painted zinc, at a height of about 4 inches from the bottom of the glass cylinder. The osmose was observed hourly for five hours, during which time it auvanced in general with considel'able uniformity. In an experiment with fresh ox-bladder as the septuin and a solution of 1 per cent. of carbonate of potash in the osmometer, the rise, in five consecutive honrs, was 10, 12, 11, 14, 13 millimeterdcgrces, and in five hour·s immediately following, 13, 12, 9, 11 and 1 ~ millimeter degrees, making sixty degrees in the first, and fiftyseven degrees in the second period of five hours. The quantity of salt which diffused outwards during the experiment of five hours was also frequently determined, usually by evaporating the liquid of the waterjm· to dr·yness; it rarely exceeded one-teuth part of the salt originally present in the osmometer. The membrane itself was also weighed before it was applied to the osmometer, and again when its use was discontinued, which was generally after six or eight experiments had been made with the membrane. A loss of the substance of the membrane was always observed, varying from 20 to upwards of 40 per cent. of its original weight. The outer muscular coat of bladder soon becomes putrescent, and from changes in its consistence; and th e large quantity of alts and other solu ble substances which it yields by decomposition, gives occasion to much irreg ularity in tlte experiments. The great change in the amount of osmose often produced by merely tlll'ning the meru-
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brane, observed by M. MATTEUCCI and others, depends often, I believe, upon the soluble mattet· of the muscular coat being thrown outwards or inwards, acc01·ding as the membrane is applied. The muscular coat was on this account removed from the ox-bladder employed, and the serous membrane remaining found to acquire gt·eatly increased activity, and also to act with much greater regulal'ity in successive expet·iments. The membl'ane so prepared could be used for weeks together without the slightest putrescence of any part of it. Two of these thin membranes, ?t' a double membrane, was often applied. The weight of a disc of single membrane, inches in diameter in a dry state, varied from about o·s to 1·2 gt·amme. The soundness of the membrane of an osmometer and its degree of permeability were always roughly tested before an experiment, by filling the bulb, without its tube, completely with water, hanging it up in air, and observing how frequently a dl'Op fell from the instrument. The time between each drop varied, with suitable membranes, from one to twenty minutes. The times in \Vbich water permeated the same membranes by osmose varied between much nan·ower limits, perhaps ft·om one to two. The quantity of salt which traversed different membranes by diffusion, was also found to be in p1·oportion to the osmotic permeability of the membranes, and not to their mechanical porosity. To wash the membranes, they were macerated in distilled water after every experiment for not less than eighteen hours, without being ever removed from the glass bulb. A membrane also was never allowed to dry, but was kept humid as long as
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it was in use for experiments. Osmose in membrane presented many points of similarity to osmose in earthenware. The membrane was constantly undergoing decomposition, soluble organic matter being found both in the fluid of the osmometet· and in the water of the outer jar after every expet'iment; and the action of the membrane appeared to be exhaustible, although in a vet·y slow and gradual manner. Those salts and other substances,of which a small proportion is sufficient to determine a large osmose, are, further, all of the class of chemically active substances,whilethe great mass of neutral organic substances and perfectly neutral monobasic salts of the metals, such as the alkaline chlorides, possess only a low degree of action. When a solution of the pl'Oper kind is used in the osmometer, the passage of fluid proceeds with a velocity whoJly unprecedented in such experiments. Take, for instance, the rise in five hours exhibited in a series of experiments upon solutions of several different prop01tions of carbonate of potash, made in succession with the same membrane in the order in which they are related. With With With With With With With



0·1 per cent. carbonate ofpotash, a rise of 182 ms. O·l per cent. carbonate of potash, a rise of 120 ms. 0·1 per cent. carbonate of potash, a rise of 199 ms. o·s per cent. cat·bonate of potash, a rise of 246 ms. o· 5 pet· cent. carbonate of potash, a rise of 194 ms. 1 per cent. carbonate of potash, a rise of 205 ms. l per cent. carbonate of potash, a rise of 207 ms. 2B2
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/or the rise in the same time with another membrane which had been previously . exposed to a steam heat of 212° for ten minutes without impairing its activity. With With With With With With



l 0·1 0·1 2 4
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per cent. carbonate of potash at 60° F AIIR., a rise of 402 ms. per cent. carbonate of potash at 60° F AHR., a rise of 196 ms. per cent. carbonate of potash at 60° F AHR., a rise of 153 rns. per cent. carbonate of potash at 60° F AHR., a rise of 511 ms. pet· cent. carbonate of pota~h at (j0° FAHR., a rise of 781 rns. per cent. carbonate of potash at 60° F AHR., a rise of 863 ms .
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In the last experiment a rise of fluid in the tube of upwards of 30 inches occurs in
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five hours, and so much water is impelled through the membrane as would cover its whole surface to a depth of s·6 millimeters, or one-third of an inch. Both membranes, but particularly the first, show the comparatively great activity of small pt·oportions of salt, the average os1110SC of 0·1 per cent. of carbonate of potash in the first osmometer being 167 millimeter degrees, and of l per cent. 20G millimeter degrees. Now the quantity of carbonate of potash which difl"uscs out of the osmometer into the water-jar, was determined by the alkalimetrical method in the second and third of the 0·1 per cent. obse rvations first related, and fonnd to be in both cases 0·018 gramme (0'28 grain); the quantity of water also which entered in return can be calculated from the known capacity of the tube of the osmometer, of which each millimeter division represented o·OGO gramme of water; and consequently 167 divisions represent 10·020 grmnmes (155 grains) of water. We have, in 0·1 per cent. solution, Mean diffusate of carbonate of potash Mean osmose (of water)



o·018 gramme = I 10·020 grammes =556



The conclusion is, that while the membrane was traversed dming the five hours of an experiment by 1 part of carbonate of potash passing outwards, it was traversed by 556 parts of water passing iuwards. In the two experiments with 1 per cent. so lution of carbonate of potash in the same osmometer, the difi"u satcs were 0·192 and o·J !>H gramme of carbonate of potash, which are sensibly ten times greater than the difrusates of the 0·1 per cent. solution. But the mean osmose of the I per cent. ~olutions is greater than that of the 0·1 per cent. solutions only in the proportion of :WG to 167, or as l to O·Sl. The ratio in question however varies greatly in different membranes. '\Ve have, consequently, in I per cent. solution,-



Mean diffus ate of carbonate of potash Mean osmose (of water) .



o·l !)5 gramme



12·:wo gmmmes



= l =63·4



Whatever, therefore, be the nature of the chemical action occmring in the membt·ane which influences os mose, a minute a111ount of that action appears to be capable of pt·oducing a great mechanical etlcct. All idea of contractility or organic structure being the foundation of the osmotic
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action of membrane, was excluded by the observation that similar lar·ge effects could be obtained from a septum of pure coagulated albumen. A convenient albumen osmometer is constructed by covering the opening of the bulb of the former instrument by ordinary thin cotton calico, which is best applied wet, and painting over the outer surface of the calico two ot· three times with undiluted egg albumen, an hom being allowed to elapse between each application of the albumen. The instl'Ument is then suspended in the steam risinofrom boilinowater . b b for a few minutes, so as to completely coagulate the albumen. The albuminated calico may then be macerated for twenty-fout· hours before use, by placing the osmometer in cold water, to dissolve out the soluble salts of the albumen. It should be preserved always in a humid state. Before application to the calico, the albumen in many cases was neutralized with acetic acid and filtered, the more completely to obliterate every tmce of organic stmcture. The osmose in a patticular instrument of this kind wa~, at 50°, for per cent. 1 per cent. 1 per cent. 0·1 per cent. 0·1 per cent. 1



carbonate of potash carbonate of potash carbonate of potash carbonate of potash carbonate of potash



211 ms.



ms.



367 387 ms. 127 ms. 124 ms.



The correct rate is rarely obtained in the first observation, as seen above, in osmometers of albumen as well as of other materials. The albumen plate has generally a greater thickness than prepared membrane, which appears to diminish proportionally the quantity of salt which escapes by diffusion. The diffusate in the three experiments above of 1 pet· cent. carbonate of potash was 0·024, 0"038 and 0·042 gramme of the salt. The largest proportion of carbonate of potash (0'042 gramme) which was obtained in the last of the tht·ee experiments was replaced by 23·220 grammes of water, or 552 times the weight of the salt. An obvious and essential condition of osmose is difference of composition in the two fluids in contact with the opposite sides of the porous septum . With the same solution, or with pure water, in contact with both surfaces of a membrane thet·e may be chemical action, but it will be equal on both sides, and although probably attended with movements of the fluids, yet nothing will be indicated, as the movements~ being equal and in opposite directions, must neutralize each other. Difference of composition in the two fluids is necessary in ordet· that there may be inequality of action upon the two sides of the membrane. It is difficult however, with respect to the chemical action, to ascertain either its true sphere or its exact natut·e. No substance appears to be permanently deposited in the membrane during osmose, even by easily decomposed metallic salts, such as salts of lead and mercury. The action upon the membrane is probably of a solvent nature, and its seat may possibly be ascertainable
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when two membranes are used together. Some observations made on the comparative loss of weight of the. outer and innet· membrane have not, however, shown any remarkable difference. But this again may arise from the great proportion of the loss in both membranes being due to the ordinary solvent action of water alone, and the opemtive solvent action of the osmotic salt being comparatively minute in amount; ot· it may depend, and I am most inclined at present to take this view, upon the chemical actions being of a different kind on the two sides of the membrane, and not upon the inequality simply of one kind of action. Such a supposition was suggested by the fact, which will immediately appear, that osmotic activity and easy decomposition are properties often found together in binary compounds. The basic and acid agents then developed are both capable of acting upon albuminous septa. We may imagine, for instance, in the osmotic action of a neutml salt, the formation within the thickness of the septum of a polm· circle, one segment of which (composed of the binary molecules of the salt) presents a basic molecule to the albumen at the inner surface of the septum, and an acid molecule to the albumen at the outer surface, the circle being completed through the substance of the septum which forms the second segment. Both surfaces of the septum would be acted upon, but at one side we should have combination of the albumen with an alkali, on the other side with an acid. This however must be taken as a purely ideal representation of the condition of the septum in osmose. I have not discovered such a polar condition of the septum, and I doubt whether the galvanometer could be properly applied to exhibit it, as the placing of the poles of that instrument in the dissimilar fluids existing on opposite sides of the septum would alone be sufficient to give rise to voltaic polarization. At present I must confine myself to the enunciation of certain general empirical conclusions respecting the operation of chemical affinity in osmotic experiments. With animal septa, frequent examples of the outward flow of liquid from the osmometer present themselves, causing the liquid column to fall instead of rise in the tube. This phenomenon (exosmose) I have spoken of as negative osmose. The observation of DuTROCHET, that oxalic acid in the osmometer, and also tartaric acid at a certain point of concentnttion, give rise to negative osmose, I have been able to generalise in so far as acids have universally either a negative osmose, or lie at the very bottom of the positive class. Oxalic acid gave in membmne, for 1 pet· cent. acid,-148 ms. and -1 41 ms.; and for 0·1 per cent., -10 and -27 ms. In another mem!Jrane, 1 pet· cent. of the same acid alone gave -136 ms.; with the addition of 0·1 per cent. hydrochloric acid,- I 81 and -168 ms. By the addition of O·J per cent. of chloride of sodium, a salt which in small proportions is nearly neutral to osmose, the negative osmose of 1 pet· cent. oxalic acid fell in the same membrane to -45 ms., and with the addition of 0·25 per cent. of chloride of sodium the osmose was +6 ms., or became slightly positive. The negative osmose of 1 per cent. of oxalic acid, in a membrane where it amounted to -56 and -57 ms. in two experiments, became, with the addition of 0·1 per cent.
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of albumen -46 ms.; of 0·25 per cent. of albumen -20 ms.; of 0·25 per cent. of gelatin -59 ms., and of 0·25 per cent. of sugar -53 ms. In albuminated calico, the osmose of l pet· cent. of oxalic acid was also negative, namely -13, -16 and -20 ms. in three successive observations. With the addition to the oxalic acid of 0·1 per cent. hydrochloric acid, the osmose became -46 and -58 ms.; and with the addition of O·I per cent. of sulphurous acid, the osmose became -62 and -58 ms. · Of hydrochloric acid introduced into the membrane-osmometer in the small proportion of O·I per cent., the negative osmose was -92, -37 and -27 ms. in three successive experiments. The negative osmose of hydrochloric acid was still more powel'fully counteracted than that of oxalic acid, by the association of a minute proportion of chloride of sodium with the acid. The negative osmose of this acid appears to be extremely precarious. It is reversed by a gt·eat variety of neutral soluble substances, and on that account can rarely be observed at all with bladder undivested of its musculat· coat. In a certain prepared membrane, sulphuric acid, 0·1 per cent., gave an osmose of -4, +Sand +7 ms. N itric acid, 0·1 per cent., gave an osmose, at 58°, of +8 and +23 ms. Tribasic phosphoric acid, l pet· cent., gave -6 and -7 ms., at 61° and 63°. The diffusates of phosphoric acid, in the same experiments, amounted to 0·143 and 0·130 gramme. The glacial or monobasic phosphoric acid, 1 per cent., gave +137 and +131 ms., at 55°, which is a considerable positive osmose, an interesting circumstance when taken in connexion with the deficient acid character of that modification of phosphoric · acid. The same acid, 0·1 per cent., gave a positive osmose in the last membrane of 28 and 23 ms. Citric acid, 1 per cent., gave 39 and 36 ms. ; 31 and 31 ms., at 62° ; the first in membrane and the second in albumen. The same acid, 1 per cent., after being fused by heat, gave, at 63°, -38 and -35 ms. in membrane; 0 m. and -2 ms. in albumen. A small proportion of fused citric acid, 0·1 per cent., gave on the other hand a slight positive osmose, namely 15 ms. and 2 ms. in the previous membrane and albumen osmometers respectively. Tartaric acid, 1 per cent., gave 18 and 19 ms. in membrane, at 68° ; with 20 ms. in albumen, at 62°. The same acid, after being fused by heat, gave -68 and -61 ms. in membrane, at 57°, showing a molecular change from fusion, as in citric acid. The diffusate in the last two ~xperiments was 0·123 grm. and 0·132 grm. of acid. In albumen the osmose of fused tartaric acid remained slightly positive, being 5 and 2 ms. for 1 pet· cent., at 60°, and 5 and 3 ms. for 0·1 per cent., at the same temperature.
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Racemic acid, l per cent., gave 4, ll and 7 ms. in three experiments, at 55°, in the last used membrane; with 15 and 22 ms. at the same temperature in albumen; or was always slightly positive like tartaric acid. Acetic acid, in the proportions of 0·1, 0·5 and 1 per cent., gave sensibly the same small positive osmose, 25 to 28 ms., at 57° to 62°, in membrane. A saturated solution of carbonic acid in water gave 25 and 26 ms. in membrane, with 20 and 22 ms. iu albumen, both at 65°. The last solution, diluted with an equal bulk of water, gave an osmose of 15 and 18 ms. in membrane, and 16 ms. twice in albumen, both at 63°. Terchloride of gold is negative in its osmose lik e the stron ger acids, giving -49 and -54 ms. in membrane, at 64°, with much reduction of metallic gold in the substance of the membrane. Bichloride of platinum, made as neutral as po!'siblc by evaporation, gave for the 1 per cent. solution -32 and -30 rns. in membrane, at 61 °. For the 0·1 per cent. solution, a positive osmose of 27, 14 ami 5 ms. in three successive experiments made with the last membrane, at 64°, 65° and 62°. The same I per cent. solution gave in albumen, at 61 °, a positive osmose of 54 and 50 rns.; the 0·1 per cent. solution also, at 64°, gave 43 ms. Albumen appears thus to be less adapted for bringing out the negative osmose of various substances than membrane is. In membrane, bichloride qf tin, o·t per cent., gave -24 ms., at 61 ° ; l per cent. -46 and -71 rns., at 59°. The addition to the last of 0·5 per cent. of sulphuric acid gave -63 ms., or did not alter the character of the osmose. But partial neutralization of the 1 pet· cent. tin solution, by ammonia, on the othet· hand, gave 0 m., or destroyed all osmose. One per cent. of bichloride of tin gave only a small negative osmose in albumen, namely 5 ms. twice, at 59°. Oxalic acid carries the highly negative charactct· of its osmose into the binoxalatc ofpotash, of which I per cent. of anhydrous salt gave in membrane -ll2 and -99 ms., at 62° ; 0·1 per cent., -30 ms., at 60°. One per cent. of the same salt in albuminated calico gave -20 ms., at G0°. A satu rated solution of binoxalate of potash, containing 2 ·5 per cent. of salt, gave -15 ms. in the last o mometer. Bisulphate r!f' potash, l per cent., gave 4 and i ms. in membrane, at 56° ; in albumen, 7, 3 and 6 ms., at 56°. A solution of bitartrate of potash, saturated in the cold, also gave a small positive osmose, namely 4 and 2 ms. in membrane, and 20 and 17 ms. in albumen, both . at 56°. Other supe rsalts tried gave also a small positive osmose, such as binarseniate of potash and bichromate of potash. It becomes doubtful thet·efore whether any of the supersalts of potash are negative, except the acid oxalates of that base. Neutral organic substances dissolved in water appear to be generally deficient in the power to give rise in membrane to that osmose which depends upon a small quantity of the soluble sn bstance, suc h as 1 per cent., or a still less proportion. The osmose obtained in ox-bladder employed without removing the muscular coat, was,
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in l per cent. solutions of the substances, salicin 5 ms., tannin 3 ms., urea 4 ms., gelatin 9 ms., amygdalin 6 ms., lactine 7 ms., g lucose i ms., gum~a rabic 18 ms., and hydrochlorate of mo1·phine 4 ms. The relations to osmose of alcohol and sugar were more fully examined. With these and othe1· chemically inactive substances, the osmose, although small f01· I per cent.., increases progressively with larger proportions of the substance, and also bears a close relation to the proportion of substance diffused outwards, cit·cumstances which give a mechanical character t.o the osmose. It is with such substances that the influence of diffusibility upon osmose is most likely to betray itself. They have a peculial' interest. in the study of the phenomenon, as they present a certain small but rem arkably uniform amount of osmose without the known intervention of any stl'ong chemical affinities. Alcohol.-In describing an experiment I shall endcavom to put forward all the circumstances which can be supposed to influence in any way the result.. In the table which follows, Column I. contains the proportion of absolute alcohol, by weight., which is dissolved in the water of the osmometer. A lO per cent. solution is prepared by weighing lO grammes of the substance, and then adding water to it so as to make up the liC(nid f.o the volume of 100 grammes of water. It is necessal'y t.o make up in this way solutions used in experiments of diffusion and osmose, in o1·der to preserve a true relation in solutions containing the different proportions of substance, for it is a fixed volume (not weight) of these solutions which must be used in the osmometer. We come thus to have with a 20 per cent. solution of alcohol exactly twice as much alcohol in the osmometer as with a 10 per cent. solution of alcohol, and so of other proportions. The membmne of the osmometer is always to be considered as fre8h, o1· as used for the first time in the first experiment narrated, and t.he observations to be made successively as they stand in th e table. The length of maceration in cold water to which the membrane has been exposed previous to the osmotic experiment, as befo1·e described, is given in Column V. By the most frequent time of one day is to be understood the space of eighteen homs, which intervtned between experiments on successive days. The hydmstatic resistance of the membrane given in Column VI. is the length of time, in minutes, observed to elapse between the fall of two drops from the bulb of the osmometer filled with distilled water, and hung up in air as already described. The temperature of the 'vater in the glass cylinder during the experiment is noted in Column VII.; the rise of fluid in the tube of the osmometel' or osmose, in milli.:. meter divisions of the tube, appears in Column II., and the absolute amount of the same osmose is expressed in Column III. in grammes, or more strictly in gmmme measures of water. Lastly, the weight of diffusate found in the water of the glass cylinder appears in Column IV. These last two data, the osmose and diffusate, both in grammes, afford the means of comparing the weight of substance which has 2 c !\-JDCCCJ,IV.
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escaped from the osmometer with the weight of water which has entered the osmomete1· in the same time. It is necessary however to recollect, that the apparent osmose or t;se observed, is only the excess in volume of the liquid which has entered · over the volume of the liquid which has left the osmometer. To obtain the full volume of water which has entered (the true osmose), it is therefore necessat·y to add the bulk of the substance diffused to the osmose observed. TABLE



I.-Alcohol in Osmometer A of double membrane during five hours. I! .
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A second set·ies of obse rvations was made simultaneously, in another membrane osmometet·, in order to ascertain the degree of concordance to be expected in such experiments. TABLE



H.-Alcohol in Osmometer
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It will be observed that the osmose in creases with the proportion of alcohol, but not in so t:apid a ratio; the osmose of the :20 per cent. solution ueing about only ten
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times greatet· than that of the 1 per cent. solution in both series. The hydt·ostatic resistance of the membrane B falls off in a remarkable manner in the later experiments, indicating an increased facility of permeation, which may influence the inct·eased osmose in the last two observations of thi s series. The results otherwise of the two set·ies exhibit. a fair amount of correspondence, both in the degree of osmose and the amount of diffusate for the same pt·oportions of alcohol in the two osmometet·s. It should be added, that in several instances the water in the jars was changed after the third hour of the experiment, with the higher proportions of lO and 20 per cent. The alcohol was determined , after it bad been concentrated by two distillations, by means of DRINKWATER's table of densities . Several expet·iments were made to detet·mine the proportion of the diffusate of alcohol from 5 and 20 per cent. solutions respectively of that substance, in membrane osmometers. The mean proportion was as 1 to 3·02, which is mentioned here, as I was led at fit·st to a different conclusion by earlier and imperfect experiments. Sugar.-Tbe osmose of sugar in membrane was examined very fully, in the hope that the simple effect of diffusion :wou ld be exhibited wi t hout being modified by any chemical action, in a substance so entirely ne utral. Crystallized cane-sugar was made use of. TABLE



IlL-Sugar in Osmometer D of double membrane for five hours. I.
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It was very desirable to find whether the deviations . from a regular progression seen in the numbers for the osmose and diffusate in the preceding results are essential, or accidental and peculiar to the present membrane. It was also desirable to find whether a membrane would stand the repetition of such a series of experiments and continue to give similar results. A double series of experiments were accordingly made with new me mbrane.
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IV.-Sugar in Osmometer E of double membmne for five hours.
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The diffusates of sugar (Column IV.) were ·ubraiued by evaporating the fluid of tile water-jar to dryness, at 212°, and therefore contain organic matter dissolved out of the membrane; the weight of each of the difrusates is increased by this addition a. few thousandths, but not in such a quautity as to affect the result to an extent that is at all material, except in the first ditfu sate recorded, that from the 0·25 per cent. solution. Although the results exhiuit several irregularities, yet starting frolll the I per cent. observation, in tile first series of Table IV., tile alllount both of osmose and diffusate apj:>ears cornpatiulc with an arithmetical progr('ssion in the observations from 1 to 10 per cent. Thus the average rise in the 1 per cent. solution is 11·5 millimeter degrees, and in the 10 per cent. solution 96'3 ms.; the avemgc diffusate in the I per· cent. solution is O·IO~ gramme, and in the 10 pet· cent. solution 1·020 gramme. But with the 20 per cent. solntion both osmose and diffusate fall off greatly, and the osmose rnore than the diffusate. The osmose of the 20 per cent. solution may be t.al ms. ,-t he mean of the first and third observations, 133 and 118, the intermediate observation 106 being obviously exceptional, poss ibly from the unusually long maceration of the membrane immediately preceding that experiment. Hence the osmose only rises from 96·3 ms. to 125 ms., while the proportion of sugar in the osmometet· was increased from 10 to 20 per cent.
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The mean diffusate of sugar also increases with the same change only from 1·020 gramme to 1'585 gramme. In the second series of observations with the same membrane, given in the lower part of the same Table, both the osmose and diffusate fall off, to an extent which is perhaps pretty fairly represented by the 10 pt•r cent. solution, which gives a mean osmose of 72·5 ms. against 96 3 ms. in the former seri es, and a diffusate of 0'757 gm mm e against 1·020 gramme ir' the former series . A rough proportionality between the two sel'ies of observations is sutliciently indicated. Two obsen·ations are recorded in the last series whicb must not be allowed to mislead. These at·e the comparatively high osmose of 19 ms. for tbe 1 pet· cent. solution, which is accidental, aud arises from the I per cent. experiments having been immediately preceded by the high proportion of 20 pet· cent. The othel' observation referred to is the high diffusate of the last ~0 per cent. solution at the bottoni of the table, which has no doubt been occasioned by the sudden diminution in the hydrostatic resistance of the mcrnbmne from 8 to 3 in that which is the last experiment of the series. The membrane, indeed, appears to be giving way after its long use, for the osmometer had been exposed to the action of water for thirty-five days without intermission. The reason why the diffusion and osmose are smaller in the second series of experiments than in the first series (neal"ly as 3 to 4), is (I believe), that the membrane softens and swells somewhat by the protracted action of wate r ; a change in the structure of the membrane which impedes diffusion by increasing the length of the channels through which the salt has to travel. It may now be interesting to discover the proportion between the water which enters and the sugar which leaves the osmornetet· in these experiments. That propot·t.ion appears not to vary g reatly in the range from the I to the 10 pet· cent. solution. For a mean result, the sum of th e eight diffusates between 1 and 10 per cent. inclusive, in the first series of observations of Table IV., may be taken, and the osmose belonging to the same experiments. There is so obtained 3·824 gramrnes of sugar diffused against an osmose of 17'639 grarnmes of water. But this, the appat·ent osmose, ha to be increased by the bulk of the sugar diffused, which may be estimated at ten-seventeenths of its weight of water, or 2·25 · gmmmes. Adding the last quantity to I7·6a9 grarnmes, we obtainSugar or diffusate Replacing water



(



3·824 gnn.= 1 19'889 grm. = 5 ·2



Hence the sugar appeat·s to be replaced in osmose by rathet· more than five times its weight of water. The less complete experiments with alcohol, pt'e\·iously described, indicate a nearly similar relation to its replacing water. Calculating, in lik e manner, the observations made upon each of the five propor~ tions of sugar in Table II 1., we obtain numbers fot· the replacing water which oscil-
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late about the general resu lt first stated; the mean di!fusates of sugar and amounts of replacing water were in the diffet·ent solution s:In 1 In 2 In 5 In 10 In 20



pet· cent. solution, 0'145 grrn. per cent. solution , O·J80grm. per cent. solution, 0·459 grm. pet· cent. solution , 0·934 gru1. pet· cent. solution, 1'430 grrn.



sugar sngar sugar sugar sugar



1 t.o 1 to l to l to



to O·j56 gru1. water tu 1·054 grm . water to 2·40:> grm. water to 4'158 gnu. wat e r to G·Gi~ gnu. \\·a ter



I



5·21 5·85 5·22 4·43



to 4'66



'l'he mean of the various solution s is 1 part of sugar replaced by s·Oi water. The phenom enon of the osmose or s ugar partakes very HllH; h or a physical charactel', and may possibly prove to be nothing more than tlH: cxchauge of suga r for water by the pm·ely mechanical operation Of difi'n s ion. A third series of observations on s ug ar were !lladc in a11 os mometer of albuminated calico. The results, it will be see n , are qnitc iu ac eo rda1H -e with those of the membrane osmomcters. TABLE



V.-Sng-ar in O s rllOIIi Ctl'l' For Albnminatcd Calico for five hours.



1---'· -S · !\ • usn: Ill



olutwu.



II. Hi•c in ruiiJjmclcr lcgr . ~ ccs.



I i



Ill.



I



1\'.



!



I



v.



I ..



10



IG



VII.



!



- ,



-;r-:;,- ; -- ---. ----- ~ ----- ~-.



1 1 4 4 4 10 10



\'1.



Snmc in I li li'l~>al~; - ---.--~---.- ;-, -.- - - rammtailc l cmycraturc, I•AtiLt. !, r;, "a• 1cr. 11 ~~ra~-'n1 mcs. ma('c rataon. rt:!'oastaucc.



I



rniu.



4!.! :H



0·1 £·1 0·1 ;",(j 0·-t jli O·:iO.i



~):.!



:\·~i G



l· ~iU



()·;j()



6:3



1 (l(i



:I


]·179



O·(IG



90



3·7G~



J· J9:l



I



64 63



~:.!



:11



1.



1



O·(i H4 0·91 :.! I


!



2 JO



63



G3



()·.1 ·1~



Thi:-; o SlllOIII C.:tL·r i:-- rc n1arkablc !'or 1ilt' \·arial:k IJttl. g-e tl cr;dly \·c ry small amount of it s hyut·os tatic rcsistancl', a condition of till' sept um whi c h is apt to increase the diffusate, owing to the ex pul sion oi' a port i() ll o!' tile sol ntion by the pressure of the dense solution. The dill'usatcs of sugar (( 'o lni!Jil IY.) tuay l1c considered as nearly p 1·oportional to the pe r·c.:t' ntagc of snga r iil t he OSinCtueter. The 0smose of the 4 and 10 per cent.. solutions ;tiT also nearly proportional, the In cans !Jcing :lG and 96 ms.; but the o s mo se of th e I p(' r 
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incapable of passing into the condition of a stable supP-rsulphate Ol' subsulpbate by combining with an excess of either acid or base, and is not decomposed in diffusion. Such properties secure to a salt a t·emarkable indifference, ot· absence of chemical activity, and recommend su lphate of magnesia for our present purpose. In a fresh double membrane, 1 per cent. of sulphate of magnesia (anhydrous) gave the small osmose of 13 and 14 ms., at 63°, in two experiments. A full series of observations was made by means of the osmometer F, used above with sugar, but with the osmotic septum of com·se changed.



TABLE



VI.-Sulphate of Magnesia in Osmometer F of double membrane for five hotHs. I.



Sulphate of magnesia (anhydrous) . per cent.



2 2 5



I I I I i '



[J



10 10 20 20 I 1 2 2 5



t



! II



I



Rise in millimeter degrees.



i l



'



I



III.



I



Same in grammcs of



30 29 69 68 132 140



!



277



I



£91



L_v._j !



......



I



0•:!6.1 0•540 0·553 1•0fW 0·962 1·623 1•687 0·119 0·1£0 0·227 0·233 0·490 0·485 0·959 O·!l45



I



VII.



VI.



Diffusate of I . I . : PreVIous 1 H yrlrostatac salt in maceration. resistance. grammes.



!



1·254 1·368 :'1'078 3•192 6·384 ! 5•529 i 9•918 I ll·836 I I 0·969 I II 0·855 1·254 ' 1•I97 2•907 2·850 5·5£9 5·871 11·628 12•198



30 33 73 76 152 134 238 28:3 23



IV.



days.



! l



i



'



:



......



2·0I2



I



Temperature, FAun.



i



I



water. I



;zo



5



10 IO 20 20



II.



2 1 1 1 1 1 10 I 1 1 1 1 2 1 2 1 1 2



'



----



min .



;



10 10 10 10 10 10 15 3•5 5 5 5 5 6



'



6 6



i



6



i



I I



I



I



I i I



I I



6 6



I



'



72 70 67 67 67 67 64 64 68 65 65 64 66 67 67 69 70 70



The diffusate increases in a somewhat less ratio than the proportion of salt in the osmometet· in botb of the two series of observations contained in the preceding Table. But a similar falling off' in the amount of diffusate from the higher proportions of salt takes place in the diffusion of the same salt, fl'orn open phialR, as appeared in former experiments on the diffusion of sui phate of magnesia*· The difl"et·cnt solutions then operated upon, and the ratio between the diffusates they gave, were as follows : Solutions of sulphate of magnesia diffllsed . Ratio of diffusate of these solutions . *



8



4



2



3'671 6•701 11•785 15'678



Philosopbicnl Transactions, 1850, p. 822 .



16



24 per cent.



2
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~~,.· ~be propor·tions of sulphate used in the present osmotic experiments were different, but ratios may be found for them by interpolation, and are given below. We are ~bus enabled to make the following comparison of the diffusion from different propor·tions of sulphate of magnesia: (l) in the absence of membrane; (2) in the first 'series of osmotic experiments given in the preceding Table; (3) in the second series of observations of the same Table : -



Sulphate of magnesia in solution (I) Ratio of cliffusates without mem bra.nc (2) Ratio of ditfusates with membrane (3) Ratio of diffusates with membrane



20 per· cent.



2



5



2



4•4:~



10 8•21



2



4•12



7•48



12•5



2



4•24



7•82



17•34



'13•73



If the last number (17·34) given for the 20 per cent. solution of the later osmotic series be excluded, and it is manifestly in considcral>lc excess from some accidental cause, the three sets of ratios mnst l>c allowed to exhibit considerable agreement. The membrane appears to have a slight. effect in reducing the diffusates of the higher proportions of salt.; and this reduction is greater in th e ~~arly experiments (2) than in the late experiments (3) , made with the same osmometer. The comparative diffnsion of different proportions of sulphate of magnesia appears, therefore, not to be mnch deranged by the intervention of membrane. The average osmose of sulphate of magnesia likewise exhibits a pretty uniform progression. In the first ser·ies of experiments of Table VI., we find for the different proportions of salt in solution an osmose of 31 ·."i, 7 4 · 5, 143 and 2GO· 5 ms. ; numbers which are in the ratio given below:Sulphate of magnesia in solution . Ratio of osmose (f1rst series of ex peri meu ts)



2 2



10 4•73 9•08



5



20 per cent. 16•54



In the later experiments of the same Table, the different proportions of salt (omitting the first and last proportions) give an average osmose of 29·!J, ()t>·.~ and 136 ms., of whieh the ratios may be slated as follows:Sulphate of magnesia in solut.iou . Ratio of osmose (second series of ex pcriment s)



2 2



5 4•64



10 per cent.



9"22



The OSIIIOSe appear·s here to follow more closely in its value the proportion of salt in solution than the diffusate can be said to do, either iu open vessels or through mernhnmc; so far, therefore, the osmose and diffusate do not preserve a constant proportion to each other with this salt. No correction need ue applied to tiJC ouse rved osmose of sulpl1ate of lllagnesia, as this salt does not sensibly increase the unlk of the water in whic!J it is dissolved. The weight of diffusate in Colu111n IV. may, therefore, be immediately compared with the weights of water in Column IIL It then appears that in the first series of the osmotic obsel'vations in the Table-
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In In In In



2 per cent. solution, 5 per cent. solution, 10 pel· cent. solution, 20 per cent. solution,



l sulphate l sulphate I sulphate 1 sulphate



of magnesia of magnesia of magnesia of magnesia



is is is is



replaced replaced replaced replaced



by by by by



5'16 water. 5·/4 water. 6·01 water. 6·57 water.



Accol·ding to the average of the whole proportions, sulphate of magnesia is replaced by 5·87 times its weight of water. While in the later observations of the same TableIn 2 per cent. solution, I sulphate of magnesia is replaced by 5·33 water. In 5 pel· cent. solution, l sulphate of magnesia is replaced by 5·9 water. In 10 per cent. solution, l sulphate of magnesia is replaced by 6'32 water. According to the average of the whole proportions of salt in these latel' observations, sulphate of magnesia is replaced by 5'85 times its weight of water. The want of uniformity exhibited above in the relation between the quantities of water and salt goes some way to prove that the osmose of sulphate of magnesia in membrane is not pure diffusion, for the ratio between the exchanging water and salt (the di.ffnsion-volurnes) should then remain constant. On the other hand, the approximation to uniformity favom·s the idea of the exist- . ence of a numerical relation between the osmose and diffusate. So also may the circumstance be considered, that sugar and sulphate of magnesia, which approximate as seen above in their osmose, were found before to have a similar degree of diffusibility*. The facts appeal· to afford a strong presumption, but no demonstrative proof, of the intervention of diffusion in goveming the results of osmose in such neutral substances. The influence of diffusion becomes more difficult to trace in the osmose of three other neutral salts, which I shall now introduce. What has been represented as the chemical agency now begins to interfere more sensibly, although not to govern the results entirely as it appears to do in less strictly neutral salts. Odoride of Sodi·u m.-The osmose of chloride of sodium possesses a certain interest independently of such theoretical considerations.



*



MDCCCLIV.



Philosophical Transactions, 1850, p. 10.
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VII.-Chloride of Sodium in Osmometer C of double membrane fot· five hours.



I.



II.



Chloride of sodium.



Rise in millimeter degrees.



----per cent. 0·25 0·25 1



1 2 2 5



5 10 10 20 20



IV. ~~Same ------ ----- -------Diffusate of in salt in gJammes.



grammes of water.



0·552 0·368 0·138 0·598 0•506 0•736 z·34 2•30 3•496 3·60 7·36 7·452



12 8 3 13 11 16 46 51 78 82 165 167



-----



... .. ~



'



0·068 0·230 0·242 0·506 0•511 1•513 1·468 2•994 2·648 6·645 6·190



V.



VI.



VII.



Prev;ous maceration.



Hydrostatic resistance.



Temperature,



days.



min.



2 1 1 1 1 1 2 1 1 1 1 1



16 16 6 8 6 3 3 2 15 2 2 2



FAHR.



63 63 66 66 67 69 72 70 67 67 67 67



Chloride of sodium is known to diffuse with nearly double t.he rapidity of sulphate of magnesia in the smaller proportions of salt, and with a still higher velocity in the larger proportions of salt ; accordingly the diffusates in the last Table exceed those of sulphate of magnesia in a corresponding ratio. The osmose appears pt·etty uniform, but with a tendency to fall below the average rate of the salt in the low proportions, such as 1 and 2 per cent., and to exceed the same rate in the higher proportions of salt. In a septum of single membrane, the osmose of a 10 per cent. solution was observed to rise to a high amount. TABLE



VIII.- Chloride of Sodium in Osmometer H of single membrane for five hours. I.



II.



Salt in solution.



Rise in millimeter degrees.



I



I



III.



IV.



v.



VI.



VlJ.



Same in grammes of water.



Diffusate of salt in grammes.



Previous maceration.



Hydrostatic resistance.



Temperature,



dav.



min.



1•04 1·20 13·28 15•68



0·917 0·955 6·502 7·850



1 1 1



16 16 16 12



per cent.



2 2 10 10



21 24 272 311



I I



1



FAHR.



6~ 68 68 68



An observation was made on the osmose of a high proportion of salt with another sin?'le membrane, differing fl'Om the last in offering considerably less hydt·ostatic resistance.



-



------------------------------
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TABLE IX.-Chloride of Sodium in Osmometer I of single membrane for five hours. I.



I



II.



f----~ Salt in ~i~e in f



so1u !On.



I



Ill.



10



IV.



m•liuneter degrees.



Same in grammes of water.



Diffusate of salt in grammes.



198 194



8·692 8·528



3·968 5•297



per cent.



IO



I



I



v.



VI.



VI I.



Previous maceration.



Hydrostatic resistance.



Temperature,



davs.



min.



3 I



FAHU.



6s



2•5



68



2-5



To these I add a series of observations of the osmose of the same salt in albumen, with the view of exhibiting the phenomenon in septa of that material. The wellpreserved proportionality of the diffusate is t·emarkable. TABLE x.-Chloride of Sodium in Osmometer K of albuminated calico for five hours. I.



II.



III.



IV.



v.



VI.



Salt in solution.



Rise in millimeter degrees.



Same in grammes.



Diffusate in grammes.



Previous maceration.



Hydrostatic resistance.



days.



min.



16 27 39 34 43 61 72 27 22 27 29



......



0·141 0•219



4



8 8 2



per cent.



1 1 4 4 10 10 10 1 1 0·1 0·1



...... ...... ......



...... ...... ······ ······ ...... ······ ······



......



0·625 1•580 1'615 1•597 0·153 0·141 0·016 0·018



of Barium.-Chloride of barium in its



I



1 3 1



1 1 1 2 1 1



2 3 3 3 2•5 4



2·5 4



I



VII.



Temperature, FAH&.



65



62 60 56 59 60 61 63 63 63 64



rate of diffusion from open vessels much resembles the chloride of sodium. Considerable analogy between the same salts is also observed in osmotic experiments. Chloride
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XI.-Chloride of Barium in Osmom eter L of double membrane for five hours. II.



I. Salt in solution.



III.



Rise in millimeter degrees.



Same in grammes of water.



35 45 94 111 74 154 133 136 267 283 60 74 74 74 I 52 154 337 320



I-47 6 1•886 3·936 4•674 3·1 16 6·478 5·.576



i



I V. Diffusate in grammcs.



5 5 5 10 10 10 20 20 1 1 5 5 10 10 20 20



v.



VI.



I I



YII.



I



Previous maceration.



Hydrostatic resistance.



days.



min .



2 1 1 1 1 1 10 1 1 1 1 1 2 1 2 I I 1



10 10 8 6 10 10 16 4 8 8 8 8 8 8 8 8 8 8



Temperature, FAHR.



-----



per cent.



2 2



I



··· ···



0·675 1·706 1·640 1•203 4-49 1



3-395 2•92!) 6·8GO 7·030 0·:.? 75



5·74 11• 2 14 11·7!) 2·!j42



0· ~:!0



3·11 G 3· J J 6 3·1 JG 6·3!)G 6·4i8 14·1 86 13· 448



0 · 60~



1·[,'1;7 :J·j!):i



4·040



......



E;·J :lO



0



72 70 67 67 67 67 64 64



68 65 65 64 66 67 67 69 70 70



Chloride of Calcium.-The diffusion of ch lorid e of calcium in open vessels has been observed to fall below that of chloride of ba rium as 7·5 to u·S *. But in membmne, judging from the followin g observations, the difl'usion of ch loride of calcium is the more rapid of th e two. The osmose has also a tendency to rise, particularly in the Jarger proportions of chloride of calcium. The replacing water often exceeus twice the weight of the salt diffused. TAULE



Xll.-Chloride of Calcium in Osmo111cter M of double membrane for five hours. J.



II.



m.



Suit in



Hise in millilll clc r



Snml' in grannnes of water.



soluljun.



per cr.n t.



2 2 5 .::; ,)



10 10 10 20 :.!0



2 2 [j



5 10 10 20 20



tlcg•·ccs.



II



6



G



I



4;i GO



I



51



I



i



I



II



I



I



:?28 188 1 j(j :l H!) 3!) .



0·2;j8 0·258 1·935 2·64 2·24



I



I



IV.



v.



Di ffusate in grautmc::; .



l're,·ious maceration .



......



da rs .



.2



O· j!):; 2·2!)



1



1 ·t; :l



1 1



2·636



I



4·2iili



1



8•24



:HiUi



7•i6



:1·11 6·075



10 1



24 'Z7 81



3·6



8:1 185 18 1 406 416



3·GB H·l ti 8



18 18·4



I



VI.



.... .. 0·(; (;8 O·G;!;; 1·;'llZ 1·.J Ci



I



1 1 1 2



min.



B B



8 3 8 8 12 6 3 3



Temperature, FAHR.



I 0



i2



I



4 ;j



5



:1· 1 :,H :1·:1 I i



~



.::;



I



5



G·li!J;i



1 1



.5



5



* Philosophical Transactions, 1850, pages 817 and 819.



70 67 67 67 67 G4 64 68



65



4



I



6 · 99~



VII.



!



1Iytlrostatic resistance.



-



9·92 1i ·2 17·6 1·04 1·"



I



I



65 G4 G6 67 67 Gg 70 70
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These three chlorides, possessing about double the diffusibility of sugar and sulphate of magnesia, should be r·eplaced by half as much water as the latter substances. Some appl'Oach to this ratio may be perceived amid much it'l'egularity in the obset·ved osmose of the chlorides. Proceeding now to the salts in which the osmose app~aring to depend upon chemical properties prepondemtes greatly over osmose from diffusion, I may introduce these substances under the metals which they contain for the sake of thei1· relations in composition.



Potassium and Sodium. Hydrate of Potash.-A highly intense osmose appears to be determined by caustic



I \



alkali, but it is necessary to apply the smallest pt·oportions of alkali to avoid the rapid dissolution of the membrane. In double membrane 0·01 pet· cent. of hydrate of potash, or 1 alkali in 10,000 water, gave an osmose of 81 and 58 ms. By four times as much alkali, or 0·025 per cent., an osmose of 49 and 67 ms. was produced. These are the greatest effects. On increasing the proportion of hydrate of potash too·& per cent. the osmose sunk to 22 and 26 ms.; with 1 per cent. of hydrate of potash to l 3 ms. The permeability to hydrostatic pressure was always very great, being never less than one drop in a minute. By the action of the alkali in the last experiment the permeability was increased from tht·ee to nine drops, and the membrane entirely ruined. A similar experiment with hydrate of potash was made in albuminated calico with similar osmotic results. In the 0·01 per cent. solution an osmose of i6 and 58 ms. was observed; in 0·025 per cent. solution 87 and I 26 ms.; in o·s per cent. solution 15 and 12 ms., and in 1 pet· cent. solution -10 ms., or a small negative osmose. The permeability both before and after the last experiment was represented by one drop in one minute; in both the half per cent. expel'iments tbe permeability was one drop in three minutes; in the preceding 0·025 per cent. solutions one drop in 2! minutes, and at the beginning one drop in ten and five minutes with the o·o l per cent. solutions. The alkali first became sensible to the test-paper in the watet·-jar, in 'the diffusion of the 0·025 per cent. solutions. During both series of experiments the temperature ranged from 58° to 62°. Carbonate of Potash.-1'be high osmose of this salt has already been often referred to in illustration of the influence of alkaline salts. 'l'he following experiments may be compared with those upon the neutral substances lately di scussed, particularly in regard to their diffusates. They show also the comparative influence of membrane applied single and double to an osmometer.
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TABLE XIII.-Carbonate of Potash in Osmometer R of single membrane fot· five hoUL·s. J. Proportion of salt.



II.



I



III.



I I



IV.



V.



VI.



vrr.



Diffusate in grammcs.



Previous maceration.



Hydrostatic resistance.



Temperature,



day.



min.



1 1 1 1



20 20 16 16



I



Rise in millimeter degrees.



gram~es of



635 695 892 900



28·576 31-236 40·128 40•508



Same in



wa cr.



per cent.



2 2 10 10



0·514 0·548 2·897 3·045



FAHR.



6~ 68 68 68



The fluid was removed from the water-jar at the expiration of the third hour, and replaced by distilled water to prevent the reaction of that portion of the salt which had already reached the jar upon the progress of diffusion fmm the osmometer, both in the preceding and the following series of cxveriments. TABLE XIV.-Carbonate of Potash in Osmometer D of double membt·ane for five hours. Ptoportion of salt.



-per-cent. -2 2 10 10



Rise in millimeter degrees.



Same in grammcs of water.



Diffusate in grammcs.



449 484 619



21·883 23·62 1 30•178 28•993



0·324 0·400 2·7G4 3·l.'i0



5~5



Previous maceration.



II y


day.



min.



1 1



16 16 16 12



1



1



Temperature, FAUll.



6~ 68 68 68



In the double membrane, the average osmose of the 2 per cent. solution is t•educed to 466 ms., from 665 ms. in the single membrane. The change is similar in the 10 per cent. solution, namely a reduction to 60i from 896 ms.; a reduction of nearly one-third of the osmose in the double membrane for both proportions of salt. The difference of the diffusates is much Jess marked; for they may be said to be the same for the 10 per cent. solutions, namely 2·966 grammes in the single, and 2·957 gmmmes in the double membrane; and for the 2 per cent. solution o· 531 gmrnrne in the single, and 0·326 gramme in the double membrane. The diffusion of carbonate of potash, as seen here in membrane, will be found to conespond well with that of chloride of sodium (Table VII.), as the diffusion of the same two salts in open vessels is known to present a neat· approach to equality. The great osmose or cnrrent of fluid inwards might be supposed to diminish the outward movement of the salt under diffusion by washing back the salt into the osmometer. But the diffusates of the 10 per cent. solutions appear to have suffered no remarkable reduction from that or any other cause. The diffusate of carbonate of potash, which usually passes through membrane, appears, however, to be low. In the 1 per cent. solution, formerly referred to (page 188), it was 0·195 gmmme. In the series of observations, likewise already



I



I II
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referred to (page 18/'), the diffusate of carbonate was also low but rernat·kably uniform, namely O·Ol8 gmmme for 0·1 per cent. solution, o·092 gmmme for o·s per cent. solution, and 0·196 gramme for the 1 per cent. solution. But these detet·minations wel'e all made by the alkalimetrical method, and when in subsequent observations the potash was also detel'mined by weighing it as sulphate, the proportion of diffusate was found sensibly increased. It hence appeat·s that cat·bonate of potash acts chemically upon the membrane, and that a portion of the alkali diffuses out in a neutralized state. Thus in five successive experiments with the 1 per cent. solution, in ft·esh double membrane, the diffusates by the alkalimett·ical method were 0·208, 0·254, 0·264, 0·215 and 0·189 gramme carbonate of potash; while the actual quantity of alkali found by direct analysis corresponded in the last four obset·vations to 0·318, 0·353, 0·287, and 0·242 gramme. The quantity of carbonate of potash which has suffered change in passing through the membmne is 0·064, 0·089, 0·072 and 0·053 gramme in these four exper·iments respectively. The diffusates of cal'bonate of potash, increased by those quantities, approach too closely to those of chloride of sodium to warrant the supposition of any peculiar r·epression by membrane of the diffusion of carbonate of potash, which otherwise appeared probable. The observations last commented upon belong to a number undertaken with the view of ascet'taining tht·ee points of interest, which may excuse a fuller statement of the expel'iments. These points were, first, the influence upon osmose of the air dissolved in solutions of carbonate of potash, which might be supposed to take a part in the chemical action of the membrane; secondly, the effect of ft·equent repetition of the experiment in exhausting the osmotic activity of membrane; and, thirdly, the relation in osmose of an alkaline carbonate and phosphate. TABLE



XV.-Solutions in Osmometer L of double membrane for five hours. Salt in osmometer.



Carbonate of potash, 1 per cent. .......... .............. Same, deprived of air by boiling ... ...... .... ... ...... .. Same, deprived of air by boiling ... ... .. . .... ....... .... Same solution, unboiled ............... ............... ... Same solution, unboiled .................................... Phosphate of soda (2Na0 I-:10 PO;) 1 per cent....... ... ......... ....... Same Same, 0·1 per cent. .... ...... ... ..... Same, 0·1 per cent........... .... .... Carbonate of potash, 0·1 per cent. ····················· Same, 0·1 per cent ............. ...... Same, 1 per cent. ·················· Same, 1 per cent. ·················· Same, 1 per cent• ... ... ............



Rise in millimeter degrees.



439 376 353 325 268 176 194 196 190 176 '!l27 298 335 312



Temperature, FAHll.



6:'3 64 65 63 56 55 58



56 58



57 65 58 64 62



It will be t·emarked that the highest osmose (439 ms.) is obtained in the first expe-
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riment, and that the osmose falls off pretty regularly to the fifth experiment (268 ms.). The change in the aeration of the solution in the second and third experiments cannot be said to interfere with this progression. The influence of ft·ee oxygen on the membrane is not therefore indicated as a cause of osmose. It may be added, that the convet·se experiment of depriving the fluid of the water-jat' cf air by boiling, led also to a negative result. It will be remembered, further, that the osmose of oxalic acid was not interfered with by an addition of sulphurous acid, which was likely to counteract the action of oxygen, if such an action existed in osmose. When phosphate of soda is liubstit.utecl fot· carbonate of potash, both 1 pet· cent., the osmose declineli from 268 to 176 ms. The phosphate of soda being repeated, the osmose rises a little, namely to 194 ms. The one-tenth per cent. solution of the same salt. which follows, maintains here the considemble osmose of 196 and 190 ms. On returnin g again to the application of carbonate of potash in the instrument, the osmose gradually ri ses and regains 335 ms. for the 1 pet· cent. solution of that salt. From these repetition s of osmose it may be inferred, that whatever be the nature of the chemical action on membmne which prompts osmose, that action is by no means of a rapidly exhaustib le charactet·. It may be added, with regard to the osmotic action of extremely dilute solutions of carbonate of potash, that the osmose is lowered rapidly in proportions below onetenth of a per cent. of that salt. The osmose of 0·01 pet· cent. of carbonate of potash, in douhle membrane, amounted only to 19, 23 and 17 ms. in three successive ex.,. periments. The osmotic action of carbonate of pota:sh must, therefore, be inferior to that of hydrate of potash in the extreme degrees of dilution. In the experiments of the preceding series, the influence of a salt often appears not to terminate with its presence in the osmometer, but to extend to following experiments made with other salts, or made with different proportions of the original salt. If tbis arises from portions of the first salt remaining in the membrane, they must be portions which are not easily washed out. The substance of membrane may possibly have an attmct.ion for highly osmotic salts, capable of withdrawing small quantities from solution. When the membrane, however, is removed from the osmometer, after such experiments as are referred to, slightly washed and then incinerated, only minute traces of the salt last used are commonly discovered; if indeed the salt has not entirely disappeared. Phosphate and Carbonate of Soda.-The osmose of the carbonate of soda appears to be quite similat· to that of carbonate of potash. A considerable amount of information respecting the two soda salts named is conveyed in the following series of experiments, which includes also observations on the serum of ox-blood.
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TABLE XVI.-Solutions in Osmometer F of double membrane for five hout·s. Rise in millimeter degrees.



Salt in osmometer.



Phosphate of soda, I per cent.. .. ................. . Same, I per cent. ... ... ... ... ... ... ... ... ........... . Same, O·I per cent. ......... ... ... ... ... ... ......... Same, 0·1 per cent. .... ... .. ... ... ...... ... ......... Carbonate of soda, 0·1 per cent. ... ... ... ... .. . ... Same, O·I per cent. ... ... ... ..... . ... ... ... ...... ... Same, 0·01 per cent. ... ...... ... ... ... ... ... ... ... .. . Same, 0·01 per cent. .. . ... ... ... ... .. . .. . ... ... . .. ... Same, I per cent. .. . ... ... ... ... ... ... ... ... ... . .. . .. Same, 1 per cent. . .. ... .. . ... . .. ... . . . .. . . . . . . . . .. . .. Phosphate of soda, 1 per cent........ .... . .... ..... Same, I per cent. ... ... .... .. ... ... ... ... ... ...... ... Serum of ox-blood, undiluted ... ... ... ... ... . .. ... Same ... ...... ... .. .... ...... ... ... ... ...... ... ......... Same, diluted with equal vol. of water............



Temperature, FAnR.



63



382



311



56 55



205 .2 I8 294 .254 50 39 306



58 56



58



57 65 58 64 62 61 59 61 61



337 193 186 39 34 31



The phosphate and carbonate of soda, when alternated in the same osmometer, show consider·able steadiness in their respective rates of osmose. The inferior osmotic quality of sei'Um is remarkable, considering the alkalinity of that fluid. The loss of osmose in sei'Um is due, I believe, to the presence of chloride of sodium. The latter substance possesses an extraordinary power of reducing the osmose of alkaline salts, which was observed in a variety of circumstances, but which it will be sufficient to illustrate by the following series of experiments in an albumen osmometer. TABLE XVII.-Solutions in Osmometer N of albuminated calico for five hout·s. Salt in osmometer.



I



Rise in Diffusate in[ Same, by Previous !Hydrostatic Temperature, millimeter gramme~ bylalkalimetry. ,maceration. resistance. FAHR. analysts. degrees.



Carbonate of soda, I per cent. ............ 139 Same, 1 per cent....... ... ........ . ..... . ... 150 Same, 2 per cent. .. ......................... 14I Same, 4 per cent. ············ ··· ············ 143 Same, 10 per cent .............. .. ..... ....... ~ 04 Same, I 0 per cent ............................ 163 Same, 1 per cent. .. ......................... 1 I38 Same, 1 per cent. ··························· I36 Same, 0•1 per cent. ........................ I SS Same, 0·1 per cent. ············ ············ 179 Carbonate of soda 0·1 ·per cent. + } 32 chloride of soda 1 per cent. .. .... Same+same ································· 36 Chloride of sodium, 1 per cent. ········· .25 Same, 1 per cent. ··························· 18 Carbonate of soda 1 per cent.+ chlo-} 69 ride of soda 1 per cent............. Same+same ································· 56 Carbonate of soda, 1 per cent............. 157 I63 Same, 1 per cent. Same, 0·1 per cent. ........................ 152 152 Same, O·I per cent. ..........................



0·157 0·156



······



0•570 1·56.2 I·432 0·216 0·198



...... ......



...... ...... 0·384 0·325



MDCCCLIV.



......



1



1·450 1•340 0•147 0·156 0·005



I 3 1 1 I 1



3 6 6 8 1.2



62 60



6 6



56 59



3 IO



60 61 63



... ....



63 63. 64



3



65



I



5



63



3 1 1 1 1



8



6



56 55



4 20 20



58 56 58



2 1 1 1



...... 0·164 O·I85



...... ...... II



59



65



6 6



... ...



......



0



57



6 6



.. ....



...... ...... ······



2 E



min,



1 1 1



······ ...... ......



O·I90 0·2I2



···························



days.



0·092 0·106 0·24.2
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: The ' osmose of the 0·1 per cent. solution of carbonate of soda is lowet·ed by the addition of I :pet· cent. chloride of sodium, ft·om 179 ms. to 32 ms. The osmose of l pet· cent. carbonate of soda, with the addition of an equal proportion of chloride of sodium, is 56 ms., and of 1 per cent. carbonate of soda alone, immediately following, 157 ms. The osmose of these mixtures appears to be assimilated to that of chloride of sodium itself, which comes -out as 18 and 25 rus. in the same series of observations. The rise of an alkaline liquid in the osmometer appears to be equally repressed by chloride of sodium, placed outside or dissolved in the fluid of the water-jar. In illustration of this statement, I may adduce a short series of observations made with fresh ox-hladder, having its thickness unreduced, which further show that the repressing powet· that appears in the chloride -of sodium does not extend to two other substances, alcohol and sugar .



....



TABLE



XVIII:~Solutions in Osmometer P of ox-b ladder for five hours. Rise in Salt in osmometer.



Carbonate of potash, 0·25 per cent.. ......... ... ...... .. ....... .. ... . .. .............. . ... ..... · ·· .... ··· Same, 0·25 per cent .................. . .. ...... . ............................................ ... ... . ....... .. l ·Carbonatt! · of potash, 1 per cent., against alcohol, 1 per ccut., iu jar .................... .. ... ... .. Sam~, , 1 per cent., against sugar, 1 per ce nt., in jar .................... .. ....... .... ...... ........ . '1 'Same, 1· per cent., against chloride of sodium, 1 per cent .• in j tlr .. . ..................... ........ . : Same, 1 per cent., against pure water iu jar ... ......................................... . .. .... .. ..... .. Same, 1 pe1· cent., aga inst chlori de of sodium, 1 per cent., in jar .. .... .......................... . , Carbonate of potash, 1 per ecnt. +chloride of sodium, I per ccut., at;aiust \rater in jar ...... 1



..



1



~::eo~:~~a~~do~~~~.' ~ ~~~: .~~:~~·:. ~l.~~~.c.·.~~~~·i·1~~~ · ·)·~~·~••'~.:~~~~.·. ~~~. !~~~:: : ::::::::::::::::::::::::::::::.



millimeter degrees.



76



96 108



]04 18 114 18



64 134 114



Now anothet· neutral salt, sulphate of potash, will be found to have the reverse effect upon the osmose of an alkaline carbonate, supporting and promoting the latter. Such results show how f;u· we still are from a clear com prehension of the agencies at work in rnern bmnous osmose. Another property of chloride of sodium, equally singular, is, that the association of this sa lt (by itse lf so indifl'ercnt) with small proportions of hydt·ochloric acid , such as one-tenth per ceut., determines a positive osmose in membrane, which is sometimes very considerable. The osmotic action of the alburninatcd calico of Table XVII. is moderate in amount, but t·emat·kably nnifoml. Th e small tenth per cent. so lution assumes a preeminence in activity which is very cnrions. It was often obse rved in the inquiry, that the small proportions of active salts were 111ore t~lVourcd in albuminated calico than in membrane; may it not thence IJe inferred that it is in the albumen plate · that the chetnical agency operate~ to most advantage? Taking the mean di(fu satcs of chloride of sodium and carbonate of soda ft·om the lower part of the same Table, we ba.ve 0·35 -1 chloride of sodium against 0·201 carbonate of soda, or I of th e form er to o·&Gtl of the latter. The diffusates of the
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same two salts, in open vessels, were more nearly in the proportion of 1 to 0·7. The comparative diffusion of carbonate of soda appears to IJe rather repressed than promoted by the septum. The neutralization of a portion of the alkaline salt during the osmotic process is again indicated. The portion of carbonate of soda thus lost in the J per cent. solution appears to diminish on repetition of the experiment. At the head of the table, the loss in two experiments is O·Q65 and o·oso gramme; lower down, o·069 and o·042 gramme; and near the bottom of the table, o·026 and 0·027 gramme. The loss with the 10 per cent. solution is 0·110 and 0·092 g1·amme, or not m01·e than double the loss in the p~·eceding 1 pe1· cent. solutions of carbonate of soda. Sulphates of Potash and Soda.-The sulphate of potash was made the subject of frequent experiment, with the view of obtaining light on the nature of osmose, at the commencement of the inquiry. But it is not well fitted for such a purpose, its action in the osmometer proving at first of a most perplexing character. With thick oxbladder, sulphate of potash dissolved in the proportion of 1 per cent., usually exhibited considerable osmose, that is, about one-half of the osmose of cat·bonate of potash in similar cir·cumstances. The osmose of the sulphate had, however, a peculiar disposition to increase in successive repetitions of the experiment with the same rnembr·ane. The osmose of this salt might also be doubled by allowing bladde1· in substance to macer·ate for some time in the solution before the osmotic experiment; soluble matter from the membrane manifestly influenced the result considerably in all experiments with sulphate of potash. When the removal was effected of the muscular coat of bladder, the chief source of its soluble matter, the osmose of the salt in question fell greatly in amount instead of rising, like that of the carbonate of potash. In the prepar·ed membrane sulphate of potash p1·esented a small moderate osmose, like chloride of sodium. But the salt must be exactly neutml to test-paper, and the membrane also free from foreign saline mattel', other·wise very different results are obtained. In a double membrane, 1 per· cent. of the neutl'al sulphate gave 21 and 20 ms.; but the same solution, made alkaline by the addition of no more than one ten-thousandth part (O·Ol per cent.) of carbonate of potash, started up to 101 and 167 ms., a much greatel' osmose than the proportion of cal' bonate of potash pr·esent gave afterwards by itself in the same membrane, namely 19, 23, and 17 ms. The influence of ihe alkali is so persistent, that the membrane, macerated in water· for a night after the last expel'iments, still gave 65 ms. with 1 per cent. of pure sulphate of potash. The osmotic activity of sulphate of soda is equally excited by a trace of alkali, and both sulphates exhibit the same character in albumen as well as in membrane. This remarkable result of the combined action of the two salts is so likely to elucidate the chemical actions prevailing in osmose, that a fuller series of illustrative experiments may be recorded. The septum was of double calico, well alburninated, and presenteo a good resistance to hydrostatic pressure. 2E2
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'f~~LE XIX.-Solutions in Osmometet· Q of albuminated calico Salt in osmometer.



for five hours.



Rise in j mill imet er Temperature, degrees. FA H n..



I



-----------------[------: Sulphate of potMh, 1 per cent........................ . ....... .. ... ... . .. ......... .. . Same .................................. ................. .. ............. .... ....... . ..... . Sulphate of potash, 1 per cent.+ carbonate of potash, O·O 1 per cent. . .... . Same+ same ...................................................... ... ......... ........ . Same+ same .. ............ . ................. . ........... .. . .. ..... .. ... ... . ........... . Same+carbonate of potash, 0·1 per cent........... .......... .. .... ............ . Same+same ........... :'. .............. ......... .................. .... .............. .. . Carbonate of pota.:lh, 0 1 per cent., alone ............................ . . .. .. ... .... . Carbonate of pota.~h, 0·1 per cent., algne ................. ............... . ..... . .. . Sulphate of soda, l per cent.+carbonatc of potasl1, 0·1 p ~ r cent . .. . .. . ..... . Same+same ............... .. . ......... .. . ....... .. . .. .... . .. .. ........ . .. . ... .... .... . Same+carbonatc of ~oda , O·l per cent . ... .... ....... . ... ... ...... ......... .... .. Carbonate of soda, 0·1 per cent., alone .. .. ...... ... .. .. . ... ... .. ..... ....... . ·· · ···1 Same .......... .. ............................... ..... . .. .... . ... . ..... . ...... .. . ..... . .. . .



!



18



21 139 81 73 254 263



92 95 257 237 299



go



127



53



57 62 56 61 61 59



57 57 62 54 54 57 58



Tbe influence of the two alkaline caruonates in giving a high osmose to the sulphates, appears to be pretty neady equal. The primary sou rce of the great osmose may prove to be the action on membrane of the all\alinc carbonates, which is promoted in some way by the presence of sulphate of potasl1, as it is retarded by the presence of chlori
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the weighings arose from the presence of organic 111atter dissolved out of the membrane, of which it gives the quantity probably somewhat exaggerated. First diffusate, 0·328 grm. sulphate of pota:.h. Second diffusate, 0·362 grm. sulphate of potash , o·o 19 grm . organic Third diffusate, 0·351 gnn. sulphate of potash, 0·031 gnn. organic Fourth diffusate, 0·366 grm. sulphate of potash, 0·025 g nn. organic Fifth diffusate, 0·356 grm. sulphate of soda, 0·011 grm. organic Sixth diffusate, 0·339 grm. sulphate of soda, o·o 19 gl'ln. organic Seventh diffusate, 0·334 grm. sulvhate of soda, o·oog g rrn. organic Eighth diffusate, 0·239 gnn. sulphate of zinc. Ninth diffusate, 0·260 gnn. sulphate of zinc.



matter. rnattct·. matter. matter. matter. matter.



The diffusates of the two alkaline sulphates at·e remarkably uniform, the diffusate of sulphate of soda falling a little under that of sulphate of p~tash, but not so tuuch as in open vessels. The diffusate of sulphate of zinc is sti ll smaller but relatively too high, as it should not much exceed one-half of that of su lphate of potash, judging from the diffusion of these salts in the absence of membrane. The organic matter accompanying the salt falls ofr in quantity in StH.:ecssive experim ents, but continued to exist to the last, although it was not determined iu the experiments with sulphate of zinc. The diameter of the disc of membrane was 123 millimetet·s, and its original weight, air-dried, 0·559 gramme. Oxalate of Potash, Chromate and Bicln·omatc o/ Potash.-The only property of sulphate of potash which seems to be connected with the positive osmose of that salt, is its bibasicity as a sulphate. The alkaline. character promotes positive osmose, and this character appears to be a distinction of polybasic sa lts. The common tribasic phosphate of soda is strongly alkaline to test-paper, and the oibasic pyt·ophosphate of soda enjoys the same property in a still higher degree. The sulpbates of potash and soda are certainly neutral to test-paper, but they 111ay be Jool;;ed upon as potent.ially alkaline fwm the easy sevemtion of tlte second equivalent of fixed base and its replacement by water·, witnessed in all uibasic salts. In lllono l.msic salts, on the contrary, a pl'Oclivity to the acid character may ue Euspectcd. 'fbu:s although the chloride of potassium and nitt·ate of potash arpear as neutral to test-paper as the sulphate of potash is, yet the chlorides and nitrates of the magnesian Lases ar·c more decidedly acid than th.eir sulphates. It is just possible then on this \'iew, that the osmotie infel'iority of chloride of sodium, and the power of tllat !'alt to couuteract the positive osmose of carbonate of potash, may be exhibitions of acid charactet· uelongino- to the former salt. The observations of the rise in the OSIIlOtnetct• of 0 chloride of sodium, and also of the c hlorides of barium aml calcinr:1, previously described, also have the appearance of ucing the effect of diffu si on, modified by a slight chemical osmose of a negative character proper to these salts. The polybasic constitution of oxalate of potash is well rnarkctl , and its positive
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'dsmose will be found below to be considerable, although the specimen of salt employed was strictly neutral to test-paper. This salt also, like sulphate of potash, is shown not to counteract the high positive osmose of an alkaline carbonate. The chromate of potash, although carefully purified by crystallization, retained a slight alkaline reaction. On this account small additions were made to it of bichromate of potash in some experiments, but without materially diminishing the very sensible positive osmose of the former salt. A neutral chromate has of course the same bibasic character as a sulphate. TABLE



XX.-Oxalate and Chromate of Potash in Osmometer F of double membrane for five hours. Solution of salt.



Rise in millimeter degrees.



Diffusate in grammcs.



Prc•ious maceration.



Hydrostatic resistance.



Temperature, f ' AHB.



~--------------------------1---------l---------l--------l--------1-------~ 1 per cent. oxalate of potash .................... . Same ............ .......... ................... .... .. . 0•1 per cent. oxalate of pota.~h ................. . Same ... .... .... ... ....... .. ............. ... ...... . .. 1 per cent. oxalate of potash + 0·1 per cent.} carbonate of potash ...................... .. Same + same ..... ..... ......... ............. .. .. 0·1 per cent. carbonate of potash ..... ........ . . Same .............. . ...... ...... ... .............. . .. . 1 per cent. oxalate of potash + 0·1 per cent.} carbonate of pota.11h .... ...... .... . ....... .. Same+ same ................................... . 1 per cent. bichromate of potash .............. . Same ............................................... . 1 per cent. chromate of potash .... ... ......... . . Same .................. ..... ......... . ...... .. ...... .



days. 1



min.



164 153



1



65 63



65



92



l



90



2



6



61



262



8



5



56



337 322 273



1 1 1



5 3 3



60



294 246 24 19 109 106



l



3



62



2



3 3



55 54 56



p~:~:~~ ~~:~at~-~~~~-~~-~.:.~:~.~~~~~-~~~}



91



Same ..................... .......................... .



79



1



11



10 5



0·253 0·31 8 0·326



l



62



68



0·307



1 1



1 1 1



0·298



2



1



57



1



l



60



Q-281



2



62 58



The average rise fot· the l per cent. solution of each of the salts placed in the osmometer in a pure state is, bichromate of potash 21·5 ms., chromate of potash 107'5 ms., and oxalate of potash 158·5 ms. The average diffusate fot· the chromate of potash is 0·3165 gramme, and for the bichromate of potash 0·2855 gramme. Like solutions were submitted to osmose at the same time in a septum of albumen for the sake of comparison with the preceding membrane osmometer.
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TABLE XXI.-Oxalate and Chromates of Potash in Osmometet· K of albuminated calico. Solution of salt.



1 per cent. oxalate of potash



... ...... ...... ... Same .............................. ........ .......... 0·1 per cent. oxalate of potash . .. .. .. .. . .. .. . .. . Same ................................................ 1 per cent. oxalate of potash + 0·1 per cent.} carbonate of potash ...................... .. Same + same ...... ......... ...... ... .. ..... .. ... 0·1 per cent. carbonate of potash . .. .. .. .. .. . ... Same ...... .......................................... 1 per cent. oxalate of potash + 0·1 per cent.} carbonate of potash ....................... . Same + same ...... ... ... ...... ...... ......... ... 1 per cent. bichromate of potash ... ............ Same ..... ...... ................................. . ... 1 per cent. chromate of potash........ . ......... Same ................................................ 1 per cent. chromate of potash + 0·1 per} cent. bichromate of potash ...... .. ..... .. Same .... ................ ...... ........ ..............



Rise in millimeter degrees.



Diffusate in \ Previous grammcs. . maceration.



Hydrostatic resistance.



days.



n1in.



195



1



173



I



91 100



2



15 15 15 20



161



8



15



211



1 1 1



15 15



1



Temperature, FAR!l.



65



65 63 60



195



I



15



56 60 62 68 62



188 36 34



2



15



55



1



56 62



109 120



15



129



0•253



123



0·242



15 10 10 10



95



0•251



10



102



0·320



0·244



2



1



10



54



58



57 60



The average rise for the I per cent. solution of each of the salts is, for bichromate of potash 35 ms., for chl'Omate of potash 126 ms., and fot· oxalate of potash 184 rns., all a little higher than in the previous membrane osmometer. The diffusate is lower than before, probably owing to the less permeability of the albuminous septum, the weight of chromate of potash diffused being 0·2475 gt·amme, and of bichromate of potash 0·244 gmmme. The two chromates have been found to possess nearly equal diffusibility in open vessels, and to correspond closely in that property with sulphate of potash. The oxalate of potash exhib.its a considemble osmose when present in the small proportion of one-thousandth part (O·I per cent.), namely 9I ms. in membrane and 95 ·5 ms. in albumen. This is the surest indication of considemhle osmotic capacity. Binoxalate of potash and free oxalic acid are both remarkable for high negative osmose. Barium, Strontium, Calcium, Magnesium.-The salts of these metals never appear capable of pl'Oducing strong positive osmose when dissolved in a pl'Oportion of less than I per cent. On the contrary, some of the salts of this class, particularly the nitrates, exhibit a tendency to negative osmose. Hydrate rif Baryta gave a small positive osmose for minute proportions of salt, which disappeared as the proportion of salt was increased, exhibiting an analogy in this respect to hydrate of potash. The results for hyd mte of baryta in double membrane were 6, 4, 1 and I degt·ees of osmose for the 0·1, 0·25 and o·s per cent. solutions. In albumen the same solutions gave 0, -8, -23 and -17 ms.; and the 1 per cent. solution gave -2.rl ms.



PROFESSOR GRAHAM ON OSMOTIC FORCE.



~~~':,-.:>Hydrate of Lime exhibited similm· characters to the last base. Undiluted lime, water gave in double membrane -20 rns. and - l rn.; while the same, diluted with · four volumes of water·, gave a positive osmose of 31 and 18 ms. In albumen the undiluted lime-water gave -48 and -30 ms.; the same, diluted with four volumes of water, gave 0 m. and l m. Chloride of Strontium, 1 per cent. , gave in double membrane 19, 27 and 26 ms., following chloride of barium in the !'arne rnembr;.w e, 13 and 21 ms. Nitrate of haryta, in the same membrane, gave 12, 24 and 29 rns.; nitrate of stwntia, following the latter·, 27 and 31 ms.



-, Nitrate (if Lime in membrane twice gave 19 ms., following chloride of calcium with 12 and 20 ms.: in albumen nitrate of lime gave 2 and 2 ms. · The two per cent. solution of the same sa lt in membrane gave only 6 and 6 ms. in two exper·iments .



Chloride of Magnesium gave in membrane -2 ms. and in albumen 6 ms., both experiments be ing made with the one per cent. so lution, which is always to be understood when no particular per-centage is stated. Nitrate of .~Jagnesia gave in membrane - 24 aud - 20 rns. Both of these magnesian salts were pn.:pared by saturating the acid with excess of magnesia. The tendency of monobasic salts of tbc magnesian class to chemical osmose of a negative character appears to be small in the salts of bariU111 and strontium , to rise in those of calcium, and to culminate in the salts of magnesium itself. Aluminium.-Nothing is more remarkable than the high positive osmose of certain salts of alumina. These salts emulate the alkaline carbonates in this respect. The property too appears to be characteristic of the sesquioxidc type, and distinguishes the salts of scsquioxidc of iron , scsquioxidc of chromium and the higher oxide of urani urn, as well as alumina. Sulphate rif' ,;llu:mina.-The snlphatcs of this type do not exhibit a high degree of osmose, although th ey arc probably 111ore osmotic than the magnesian sulphates as a class- Sulphate of alumina, 1 per cent., gave in membrane 57 and 67 ms., and for o·I per· cent. 24 and~~ ms. The di ffusatc was small, amounting in the second observation of the I per cent. solution to o -033 gramme of tersulphate of alumina, together with an excess of o·005 grm. of sulphuric acid, according to analysis. Chloride qf Aluminium, prepared by treating hydwchloric acid with an excess of hydrated alumina, was found by analysis to appwach very nearly to the proportions of the definite compound AL, Ct. 'l'hc following results with that salt wer·e successively obtained iu an osmometer of single membrane:'Vith I per cent., rise of 540 ms. at 50° FAHR. With 1 per· cent., rise of 570 ms. at 49° " With 1 per cent., ri se of 450 ms. at 47° " 'Vitlt l pe1· cent., ri se of 63!:i ms. at 49°
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With 0·1 per cent., rise of 510 ms. at 54° FAHR. With 0·1 per cent., rise of 285 ms. at 48° , With 0·1 per cent., rise of 410 ms. at 56° , The numbers, which are all high, vary considerably among themselves, as often happen s when osmose is intense and is obset·ved in a single membrane. The temperatut·es of the water-jm· are added in these and most other observations recorded, although it was difficult to draw any positive conclusion respecting the influence of heat upon the osmose of small proportions of salt. With large pl'Oportions of neutral salts, where diffusibility prevails, the osmose appeared to increase with the temperature, as does the proportion of salt diffused. With respect to the condition of the membrane used above, the first experiment was conducted in the membrane freshlv dissected and previous to any maceration or washing whatever, with a similat· osmotic result, it will be observed, as in the later expel'iments made with the membt·ane aftet· being repeatedly macerated. In experiments of diffusing chloride of aluminium in open vessels, decomposition of that salt was observed with escape of ft·ee hydrochloric acid. The decomposition appeared however to affect much less of th e chloride of aluminium than it does of the acetate of alumina. In an albumen osmometer, chloride of aluminium gave an osmose of 245, 233 and 229 ms., at 57°, 58° and 60°, with diffusates of 0·085, 0·123 and 0·095 gramme of salt, calculated from the quantity of chlorine found in the diffusate. In the last experiment the solution was coloured with litmus, apparently without affecting the amount of osmose. Acetate of Alumina was prepat·ed by precipitating pure sulphate of alumina by means of the acetate of lead. Mr. CnuM has shown that in this reaction one equivalent of acetic acid becomes free, and that the acetate of alumina produced has the form Al 2 0 3 +2C, H 3 0 3 • A specimen of the pure binacetate, prepared by Mr. CnuM, exhibited an equally high osmose as the salt mixed with free acid obtained by precipitation, which is used below. TABLE



XXII.-Acetate of Alumina in Osmometer G of double membrane for five hours.



Proportion of salt.



Rise in millimeter degrees.



Same in grammes of water.



232 264 195 130 159 146



9·728 11·096 8·208 5·472 6·688 6·152



Diffu sate in grammes.



per cent.



1 1 0·1 O·l O·l



0·1 ?riDCCCLIV.



······ ... ... .. .. ..



0•036 0·051 0·045



2F



Previous maceration.



II ydrostatic resistance.



days.



min.



2 1 1 2 1 2



3·5 3·5 3-5 3 3 3



Temperature, FABR.



65



65 64 66 67



67
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In the second and third experiments of the Table, the solutions were coloured distinctly blue, by means of the ordinary sulphate of indigo, without intet·fering much apparently with the osmose. The diffusates, when given, are as uinacetate of alumina, and were calculated from the alumina found in the water-jar. In the last three observations of the one-tenth per cent. solution, the diffusate of salt is in proportion to the replacing water as 1 to 152, 131 and 137. In osrnometet· F of single membrane, acetate of alumina gave a diffusate not exceeding one-third or one-fourth of the diffusate from sulphate of potash in similar circumstances. Thus, in three observations of the aluminous salt, the osmose was 356, 393 and 397 ms., with the corresponding diffusates of 0·102, 0·114 and o·oso gramme of binacetate of alumina; while two experiments on sulphate of potash, which were intercalated between the second and third of the preceding observations, gave diffusates of 0·325 and 0·425 gramme of sulphate of potash. The osmose of acetate of alumina does not appear to be sensibly affected by previous experiments made in the same membmne with sulpbm·ic acid, but to fall greatly when an equal pt·oportion of sulphate of potash is diffused along with the acetate of alumina. Of the following· numbers, -4, 8, 7, 237, 7 and 18, the first three and the fifth, which are small, are the osmose of O·I per cent. sulphurie acid alone; the fourth, which is large, that of l per cent. of acetate of alumina, and the sixth that of 1 per cent. of acetate of alumina mixed with 1 pet· cent. of sulphate of potash, all in the same membrane. The diffusate of the pure acetate of alumina was 0·087 gTamme, which is low for a 1 per cent. solution, as compat·ed with the diffusates from the one-tenth per cent. solutions of sulphuric acid, which were 0·039, 0·042, o·046 and 0·044 gramme of su lphuric acid. The addition of an equal weight of chloride of sodium to the one per cent. ~:;olution of acetate of alumina, lowered the osmose of the latte1· salt, in osmometer F, from 397 to 267 ms. This is a small amount of interference compared with that exercised by the sulphate of potash in the same membrane. Pure binacetate of alumina was found to be largely decomposed when diffused in open vessels, the acetic acid escaping and leaving behind the allotropic solub le alumina of Mr. CRuM. This last substance is remarkable for its low diffusibility, but this subject will require furthe1· discussion on a future occasion. lron.-Protosulphate of Iron. This salt appeared, like sulphate of magnesia, to exhibit only the exchange by diffusion of one part of salt for five ot· six parts of watet·; the rise of fluid in the osmometer also increasing pt·etty uniformly with the p•·opottion of salt. Thus, in double membrane of good resistance, 1 pet· cent. of this salt (always supposed anhydrous) gave 21 and 30 ms.; 4 per cent. 60 and 84 ms., at a ternperatm·e between 61° and 64° FAHR. Protochloride of Jron.-This salt sepamtes itself from some other magnesian chlorides, and gives rise to a positive chemical osmose, which is considet·able in amount.
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To learn whether this at·ose from the passage of iron into the higher oxide or not, sulphurous acid and hydrosulphuric acid were mixed with the protochloride of iron, but., as will be seen below, without lessening the osmose. TABLR XXIII.-Oue per cent. Solutions of several Magnesian Chlorides in Osmometer F of double membrane for five hours. Rise in millimeter



Salt in osmometer.



degrees.



I



Ily~rostatic



Temperature,



reststance.



FAHR.



min.



Chloride of magnesium......... .. ............................... Chloride of zinc................................................... Same ... .. ............................................. .. .... . ...... Chloride of manganese ... ... ... ... ... ... ... ......... ...... ... ... Same ............................................................... Protochloride of iron................................... . ......... Same ............................................................... Sam e .·.......... ... ...... ... ............... ........................ . Protochloride of iron + 0·1 per CP.nt. sulphurous acid ... Protochloride of iron saturated with SH... ... ... ...... .... .. Protochloride of i I'On, alone . .. . .. .. . ... ... . . . .. . . .. . .. . .. ... . . .



3 48 54 24 34



2 2 2 1·75 1·5



59 61



62 62 63



160 197



1 1



435



2



65



-404



4 4 4



62 64



332 155



61



64



61



The osmose of protochloride of ir·on is large, but singulal'ly unsteady in amount, rising from 160 to 435 ms., and falling again to 155 ms. In another double membrane, of rather small resistance (1 min.), th~ osmose of the same salt was only 9 t!, 91 and 97 ms.. Between the first and second of these experiments the membrane was washed with alcohol and ether, out without. changing the char·acter of the osmose. In experiments made with this last membrane, the 2 per cent. solution of protochloride of iron gave I 51 and 157 ms.; and the 5 per cent. solution 189 ms., or the osmose. did not rise in proportion to the quantity of salt in solntion. Nitrate rfSesquio:r:ide of Iron, formed by saturating dilute nitric acid by hydmted sesquioxide of iron, gave, in single membrane, the high osmose of 322 and 359 ms. for one per cent. of salt; and J 53, followed by 107 ms ., for 0·1 pet· cent. of salt. The acetate of the same oxide gave, when of a deep red colour, 207 ms ., and when it had become nearly coloudess, from the spontaneous precipitation of a portion of its oxide, 194 ms., or sensibly the same osmose. Manganese.-Sulphate of manganese appeared to have no decided chemical osmose, giving in double membrane of moderate resistance (2 min.), for 1 per cent. of salt, 34, 51 and 50 rns.; for 4 per cent. of salt, 53 and 51 ms., and fot· 10 per cent. of salt, 57 and 59 ms. The low osmose of the larger proportions of this salt is exceptional and would r·eqnh·e confirmation. The chloride of manganese has already been shown to be of low osmose in membrane (24 and 34 ms. Table XXIII.); in albumen the same salt gave 13 and 14 ms. Cobalt.-The chloride of this metal appeat·ed to possess no decided chemical 2F2
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i~~.rpose, 1 per cent. giving in double membrane 21 and 2/ ms.; 0·1 per cent. 20 and 23 ms., and I per cent. again 44 ms. Nickel.-Tbe sulphate of oxide of nickel resembled that of magnesia and protoxide of iron. In double membrane 1 per cent. gave 12 and 10 ms.; 4 pel' cent. 38 and 38 ms.; 10 per cent. 72 and 106 ms. The chloride of nickel, however, appeared to have a tendency to chemical osmose, like the protochloride of h·on, and gave in douule membrane 52,89 and 95 ms. Z.inc.-None of the salts of this metal can be said to exhibit decided chemical osmose; sulphate of zinc giving 34 and 29 ms., nitrate of zinc 18 and 32 ms., and chloride of zinc 48 and 54 ms., all in double membrane. Cadmium.-Tbe nitrate of cadmium appeared to affect chemical osmose; the one per cent. solution of this salt giving, in double membrane, 90, 124 and 137 ms. Copper.-Coppel' appears to possess the capacity for chemical osmose in its salts generally, with the exception of the sulphate. Dut no sulphate appears to be remarkable for osmotic activity. The com parativc osmose of four salts of copper in the same membrane is given below. TABLE



XXIV.-Solutions of I per cent. of Salts of Copper in Osmometer E of, douulc mel!lbrane for five botu·s. Salt in solution.



I



ltisc in mill imeter degrees.



I [ vdrostatic n!sista ncc.



Temperat ure, FAHR.



nlin.



Chloride of copper ............ Sulphate of copper .. . ......... Nitrate of copper ······ ······ Same ......... ... ....... .... .... Acetate of copper ··· ········· Same ·················· ········· Same ··· ········· ·· ··········· .



3fil 48 154 204 148 102 I 01



1



60



10 10 12 10 10 10



59 60 62 62 63 61



The mtc of osmose is generally a little deranged on passing from one salt to another .in the same memhrane, and in consequence the second or third experiment is alway~ to be preferred to the first made with the same salt. The preferable numbers for the osmose of the preceding sa lts would therefore be, sulphate of copper 48 ms., acetate 102, nitrate 204, and chloride :351. The number for the sulphate, howeve1·, is probably too high, being raised by the previous chloride. The salts \)f several of the magnesian metals exhibit a much lower osmose in albumen than in membrane. In an osmometer of the first description nitrate of copper gave only 22 and 27 rns.; acetate of copp(:;r 22 and 25 rns., Ol' no more osmose than is obtained from the corresponding salts of lime and magnesia. Lead.-The salts of this metal are probably equally osmotic with those of copper. Tbe nitrate and acetate of lead only were examined. The osmose of these two salts obtained in the same membrane was as follo\VS : -
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TABLE XXV.-Solutions of l per cent. of Salts of Lead in Osmomete1 M of double membrane for five hours.



I



Ui~c



in er millimet degrees .



Salt in solution.



ll~· drostatic



Tcmpt·rnturc,



resistance.



t'A uR.



' Nitrate of lead Same ............ ::::: ::::: ::::: Same .... .............. ...... .. . Acetate of lead .............. . Same .......................... .



min.



174



64



2 2 2 2 2



~11



197 100



97



65



62



64 61



The nnmbet·s which these results appear to authorize, were fot· acetate of lead 97 ms., and for nitrate of lead 204 ms. (mean of 211 and 19i ms.). The acetate exhibits, as usual, a considerably inferior osmose to the nitrate of the same base. It appeared desir·able to ascertain the osmosP. of hig her proportions of a salt, which, like the nitrate of lead, exhibits decided osmose in the 1 per cent. solution. The first results appearing low, the membrane was washed with ether aftet· the third experiment, a treatment of the membrane which in this instance sensibly improved its osmotic power. TARLE XXVI.-Solutions of Nitrate of Lead in Osmometer K of double membrane for five hours. Proportion of salt in solution.



f.ise in millimeter degrees.



per cent.



1 1 1 1



91 127 125 157



I



157



2



184



2 5 5 10 10



195 209 229 213 250



Same in gramrocs of water.



......



...... ··· ··· ...... ......



......



......



.......



······ ······



10·56



Diffusate in grammcs.



...... ......



......



...... ······ .. .... ...... ...... .. .... ..... . 3·283



I



Temperature,



PrcviouE maceration.



11 y


0



mm. 2



1



I



I 3



1 8



9



12



63



l I



12 12



G3 G6 C6



1



12



l



1



12 12



2



16



1'AHR.



G} 64 63 G~J



67



Gg 72



These experiments lead to the estimation of the osmose of nitrate of 1ead as follows :-in the 1 per cent. solution an osmose of 157 rns., in the 2 per cent. solution 195 ms., in the 5 per cent. solution 229 ms., and in the l 0 per cent. solution 250 ms. This it is to be obse 1·ved is but a small increase for the higher proportions of salt. ' ' . The diffusate for the 10 per cent. solution of this salt may be consrdcred of an aver·age propottional amount. The replacing water then exceeds the salt diffused on]y about three and a half times. It is cm·ious that the hydrostatic resistance of the membrane increases so decidedly as the experiments advance, in the osmose of this and several other metallic salts,
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·$kt·Hduliu·ly nitrates.



It is not to be supposed, howevet·, that this change has any



material influence upon the osmose. Uranium.-The nitrate of uranium presented a bigh degree of osmose. This result scarcely affects the question of the constitution of the metallic oxide present in that salt, as a high osmose is exhibited, both by the salts containing an oxide of the type ~ 0 3 , and by a portion at least of the class of protoxides. Viewed as an aluminous salt the nitrate of urani11m has a basic composition (Ur2 03 NOs), a circumstance which surrO'ested the addition of fn' e nitric acid to that salt in some bb experiments. 'fhe s mall proportion of one-tenth per cent. of nitric acid will be seen to have a moderate influence, and 1 per cent. of nit ric acid to have an overpowering influence in red ncing the ext raordinary osmo e of this ~alt. TABLE XXVII.-Solutions of Nitrate of Uranium in O smometer M of douule membrane for five hotu·~. Hi sc ira



Proportion of snit in solution.



w ill iructt·r



degrees.



per cent. nitmt(' of uranium .. . ... ... ... ... ... 1 per cent. nitralP of uraniutn ... .. . . . .. .. ...... Same + 1 per cent. nitl'ic aci


Same



+ sa•ue............. ... ..... .... ........ ... .. .



Di trusalr in graunucs.



I!



Pn·vious maceration.



-----: -(-)·-07-8-~~ --cla.~)l·s. ~RS 45~



0·102



44



0·:.205



70



O·I :1G



304



0·078 0·1 O!:l



21:)2



1 1 l 1



I



I



lfytlrostatic resistance.



I



Temperature,



min.



60



l 1 l



3 3 3



FAHR.



61



63 66 6~



1



61



The inferior OS111ose of the first oiJsetTation in the Table arose from the osmose of the early hours of the experiment being less than r.lwse of the later bours, the osmose for the five bolll'S in StH.:ccss iun bein g :JG, -lfi, 67, 77 and 63 ms. This progress ion , eo1uhincd with the additional circumstance to be obscn·ed, that the ditfu sa tc is l>clvw the average in the same experiment, snggcsts th e idea of an absorbing or ret.aiuing power in the tuctnhrane for t.!Je salt, which must. first ue satisfied before the oslllosc and dill'nsi o n can protTed in a regular rn < llllH~r. Tile diffu. ate is throughout Slllall , like th at of an alnlllinous salt. Iu an ali.HllliCri OSliiOIIJCter the oslllosc of the same salt was incon siderable namelv ' 49 and 5:~ ms.; hut that os mose was not fLHtht'r reduced by the addition of nitric acid. Tin.-The protochloriclc of tin cxhillits a high  all() '27:> Ill". Tl1e bichloride of tin following immediately in the same membrane gave only 2/ ms. llnt. the osmose of th e bichloride of this metal is essentially negat ive, even when the salt is made as neutral in composition as possible. It has llecn already described (page 192). Antimon.1J.-The double tartrate of potash and antimony proved mther remarkable for low osmose.
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In the first experiment with a double membrane the osmose of the salt in question was 08 ms., but the osmose fell in the second and third repetitions to 12 and 17 ms. Tbe 4 per cent. solution of tile same salt gave no more than 23 and 7 ms. Mercury.-The osmose of tbe salts of both oxides of this metal is always positive and generally considerable. The osmose appeared to be of least amount in the chloride (corrosive sublimate), to increase in the protonitrate, and to assume its greatest magnitude in the pernitrate. The first salt has a stability in solution which the lattet· two salts do not enjoy. Extraordinary osmose is here, therefore, associated with facility of decomposition, .as in so many other instances. The influence of the presence of acids and of chl01·icle of sodium upon the osmose of chloride of mercury was tried in the search for facts which might throw light on the osmotic process. An acid in small proportion appeat·s to favour, rather than otherwise, the osmose of chloride of mercury. Chloride of sodium, on the other hand, exerts its usual repressing influence upon the process. TABLE



XXVII I.-Solutions of Mercury in Osmometer C of double membrane for five hout·s. !lise in millimeter



Proportion of salt in solution.



degrees.



............ ......... +



1 per cent. of chloride of mercury Same 0·1 per cent. of chloride of mercury Same ···· ······· ············ ····· ········ ············ 1 per cent. of chloride of mercury 0·1 per} ceut. of hydrochloric acid .................. Same+ same ........ . .... ...... .............. .. .... Same+ O·l per cent. of nitric acid .. .. .... .... 0



•



0



••••• 0



•••••••••• 0



••• 0



0



•



~



•



••• •



•



••••• 0



••••• 0



116 12 1 62 49



•••



I



~=~: ~ ~~~;~~· ~~~~: ·~;:~hi~~i~~~·~·r· ~~cii~~;; j



Same+ same ........ .. ....... . , .................... ,



Previous maceration.



: llyclrostatic



I resistance. I



days. 4 3 1 1



min.



4 4



4 5



ITemperature, l?AliR.



-60 61 63 66



163



1



5



62



132 152 122 72 60



1 3 1 1 1



4



61 60



5 2 2 1



59 61 62



Adopting the second experiments as the most trustworthy, we have for l per cent. of chloride of mercmy an osmose of 121 ms., and for the same, associated with hal t its weight of chloride of sodium, 60 ms. The osmose of chloride of mercury in albumen was vet·y trifling, being only 5 and 9 rns.; chloride of mercury diffused in sensi bl e quantity, however, through both t lu.: albumen and membrane. Protonitra.te of mercury gave, in double membrane, an osmose of 232, 346 and 350 ms.; in albumen, much less, namely 47, 63 and 61 ms. Pernitmte of mercury gave, in double membrane, 425 and 476 ms. for the one per CP.nt. solution, and 296 ms. for the one-tenth per cent. solution, results wbich indicate osmotic power of the highest intensity.
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.. ·T he membrane preserved a considerable action after the last experiments, although macerated in water fot· a night, and imparted thereafter to a salt nearly neutral to osmose (nit.rate of silver), a rise of 222 and 166 rns. In albumen, pernitrate of mercury again was low, giving 32 and 54 ms. for one per· cent. of the salt, and 34 and 46 ms. for the one-tenth per cent. solution. Silver.- It is interesting to observe how this metal separates itself from mercury and the magnesian elements: and takes its place with the alkaline metals in the propet·ty of osmose, as in other chemical characters. Nitrate of silver appeared to possess a moderate positive· osmose, lik e a salt of potash ot· soda. For the sake of comparison, the silver salt was followed by nitrate of soda in the experiments below. TABLE XXIX.-Solntions in Osmometer G of double membrane for five hours. Salt in osmometer.



......... Same ······················· ·· ··· ····· ···· ·· 0·1 per cent. of nitrate of silver ...... 1 per cent. of nitrate of silve1·



Same .......... ............ ... ..... ... ........ 1 per cent. of nitrate of soda ............ ~a me



.............. .................. ... ......



Ri se in millimeter degrees.



36 34 27



Previous maceration.



llyclrostatic resistance.



days.



Ill ill.



1 1 1



Q



2 2



~2



1



;!



7 2



2 1



2 2



Temperature, l"AllR.



64



65 62 64 61 64



The expet·irnents of the Table indicate an average osmose of 35 ms. for 1 per cent. of nitrate of silver, and of 4·5 ms. for the same proportion of nitrate of soda. A considerable diffusale of silver appeared in all the experiments with the salt of tbat metal. Gold and Platinum,.-Thc chlorides of these metals have already been shown to possess a decided negative osmose, and in that respect to rank with acids. In concluding this paper, I may place together a series of numerical results which exhibit the osmose of substances of all classes. Some of th ese numbers have not been previously reported.



PROFESSOR GRAHAM ON OSMOTIC FORCE.



Osmose in membrane



225



of 1 per cent. solutions expressed in millimeter degrees.



Oxalic acid - 148 Hydrochloric acid (0·1 per cent.) 92 Terchloride of gold 54 Bichloride of tin 46 Bichloride of platinum 30 Nitmte of magnesia 22 Chloride of magnesium 2 Chloride of sodium 12 Chloride of potassium 18 Nitmte of soda . 14 Nitrate of silver 34 Sulphate of potash . 21 to 60 Sulphate of magnesia 14 Chloride of calcium 20 Chloride of barium . 21 Chloride of strontium . 26 Chloride of cobalt . 26 Chloride of manganese 34



+



Chloride of zinc Chloride of nickel Nitrate of lead . Nitmte of cadmium Nitrate of uranium Nitrate of copper . Chloride of copper ProtochlOt·ide of tin Protochloride of iron . Chloride of mercury . Protonitmte of 111ercury Pernitrate of mercury. Acetate of sesquioxide of ii'On Acetate of alumina Chloride of aluminium Phosphate of soda . Carbonate of potash .



45 88 204 137



458 204 351



289 435 121 350



476 194 393



540 311



439



It will be observed that acid and alkaline salts are found at opposite ends of the series, or·, while the acids possess negative osmose, the alkaline salts exhibit positive osmose in the highest degree. The remark will suggest itself, that in osmose water always appears to pass to the alkaline side of the membmne; as watet· also follows hydrogen and the alkali in electrical endosmose. The chemical action must be different on the substance of the membrane at its inner and outer surfaces to induce osmose; and according to the hypothetical view, which accords best with the phenomena, the action on the two sides is not unequal in degree only, but also different in kind. It appears as an alkaline action on the albuminous substance of the membrane at the inner surface, and as an acid action on the same substance at the ontet· surface. The most gen eral empirical conclusion that can be drawn is, that the water always accumulates on the alkaline or· basic side of the membrane. The analogy does not fail even when the osmometer is charged with an acid solution and the osmose is negative. The stream is then outwards to the water, which is a basic body compared with the acid within thP- membrane. The high positive osmose of the salts of the alumina type is exceedingly remarkable. The property is common to salts of alumina, sesquioxic.le of iron, sesquioxide of chromium, and the corresponding oxide of manium. Now the property in these salts is small where the salt is stable, as in the sulphates, but becomes great where the affinity between the acid and base is comparatively weak, as in the chlorides, nitrates and acetates of these bases, salts which can be shown to be largely decomposed in the MDCCCLIV.
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·., experiment by the action of diffusion. When pernitrate of iron, a salt of this class, is placed in the osmometer, a rapid decomposition of the salt occurs in the membrane; the nitric acid escaping, from its high diffusibility, into th e water of the jar, and leaving a basic salt on the inner surface of the membrane. Here then, as with the preceding class of osmotic bodies, the osmose of th e water is towards the basic side of the membrane. But the most curious circumstance, with reference to this empirical generalization, is observed in the magnesian class of salts. The harytic subdivision of this class, including all the soluble salts of baryt a, strontia and lime, appear to be entit·ely unosmotic, or they oscillate between a small positive and small negative osmose. Such salts are neutral in their reaction, and further, have no disposition whatever to form subsalts. The salts of the earth, mag nesia itself, offer the same chat·acters. But in the salts of certain othet· oxides of the magnesian gro up an intensely osmotie character is developed, particularly in the salts of copper, protoxide of lead and protoxide of tin , with the exception of the solnolc su lphatcs of these bases. Now those na!ll ed are the mcmlH~rs of the 111agne:-,ian elass 1no,.;t. apt to break np into free acid and a basic sa lt. Lil.;e the al!uninous salt's, th l'rcfo re, tl:cy are capable of investing- the inner surface of the tnembrane wit!J basicity, the necessary condition of positive os mose. Nitrate of uranium do~es not rcq11irc to fonu a suosa lt, as it is already constitutionally oasic. The osmotic peculiarity of mctap!wsphoric acid, formerly referred to, also harm onizes with the san1e view. Neutral monobasic salts of the allwlinc metals, s uc h as the chlorides of potassium and sodium aml the nitrates of potash, soda and silve r, which possess a strict and unalteraule neutrality, appear to have little or no true osmotic action. The salts named, together with t.he neutral mag-n es ian sn lJ->hat.cs and certain nent.ml organic substances, such as alcohol and s ugar, give occasion, it. is true, to an increase in the fluid of the osmometer, but only to the moderate extent which the exchange of diffusion-volnnu.'S might he supposed to jJrodncc. The comparat ive di tfusiuility of all th ese substall(:cs is welllmown, with tbc exception, unfortunately, of that of water itse lf~ which I could only deduce by an indirect method in rn y pre\'ions inqniries respecting liquid ditru sion. As salts generally appeared to dilt'usc in water four times more rapidly than they did in alcohol, tlte diffusibility of water was then assumed as probably four times greatet· than that of alcohol, and consequently five or six times greater tban that of snga r or sulphate of magnesia. Diffusion is thus rnade to account for tl1e suhstauccs last named being replaced in the osmouwtcr by five or six times their weight of water. Thi s " diffnsion-os mose " appears to follow in its amount the proportion of ~alt in solution, with a certain degree of regularity. The "chemical osmose." of su ustam:cs, on tile other hand , is found of hig h intensity with small quantities of the substance, such as l per cent. or even 0·1 per cent., and to augment very slowly with increased proportions nf the substance in solution. A small proportion of common salt accompanyillg carbonate of potash has been
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seen to possess a singular influence in diminishing the positive osmose of the lastnamed alkaline salt; while a mixtme of small propur·tions of common salt and hydrochloric acid exhibits, with the membrane in certain conditions, an intense positive osmose which neither of these substances possess individually. The bibasic salts of potash again, such as the sulphate and oxalate, although strictly neutral in r·eaction, begin to exhibit a positive osmotic power·, in consequence, it may be supposed, of their· t·esolvability into an acid salt and free alkaline base. The sulphate of potash, when strictly neutral, has in different membranes a variable but always moderate positive osmose, an osmose which the slightest. tmce of a str·ong acid may cause to disappeat· entirely, or even convert into a small negative osmose. On the otbet· hand, a minute addition of an alkaline carbonate to the sulphate of potash appears to give that salt a positive osmose of a high order. It was seen that the mixed salts produce 111uch lf!Ore osmose than the sum of the osmose of the two salts used apatt from each other·. This property of sulphate of potash must wait for its explanation, with many other facts of the subject, till fuller infot·mation is obtained than I can at present offer respecting the nature of tbe obscure chemical changes which occur in the membrane during osmose, and of the mode in which masses of water come to participate in these changes . The conclusion which has been drawn, that the osmose or movement of water through membrane is a.lways towards the side of the Lase, is no theot·y or explanation of the phenomenon, but a general description, which appears to apply with sufficient accuracy to all the observations. It may appear to some that the chemical character which has been assigned to osmose takes away from the physiological interest of the subject, in so far· as the decomposition of the membrane may appcat· to be incompatible with vital conditions, and osmotic movement confined therefore to dead mattet·. But such apprehensions are, it is believed, ground less, ot· at all events premature. All parts of living structures are allowed to be in a state of incessant change,-of decomposition and renewal. The decomposition occmTing in a living membrane, while effecting osmotic propulsion, may possibly therefore be of a reparable kind. In other respects chemical osmose appear·s to be an agency particularly well adapted to take part in the animal reconomy. It is seen that osmose is peculiarly excited by dilute saline solutions, such as the animal juices I'eally are, and that the alkaline or acid property which these fluids always possess is another most favourable condition for their action on membrane. The natuml excitation of osmose in the substance uf the membranes or cell-walls dividing such fluids seems therefore almost inevitable. In osmose there is, fmther·, a remat"kably direct substitution of one of the great forces of nature by its equivalent in anothe1· force-the conversion, as it may be said, of chemical affinity into mechanical power. Now, what is more wanted in the theory of animal functions than a mechanism for obtaining motive power from chemical decomposition as it occurs in the tissues? In minute microscopic cells the osmotic 2
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movements should attain the highest velocity, being entirely dependent upon extent of surface. May it not be hoped, therefore, to find in the osmotic injection of fluids the deficient link which intervenes between chemical decomposition and muscular movement? The intet·vention of the osmotic force is also to be looked for in the ascent of the sap of plants. The osmometer of alhuminated calico appears to typify the vegetable cell; the ligneous mattet· of the latter being the support of a film or septum of albuminous matter, in which the active properties of the cell reside. With a vegetable salt, like oxalate of potash above, and pure water below such a septum, an upward movement of the lower fluid would necessat·ily ensue.
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