






















































 

CLAIMS 

1. A magnetic levitation system for levitating a diamagnetic or paramagnetic sample, the 

system comprising: 

a first cylinder-shaped magnet; 

a second cylinder-shaped magnet coaxially aligned with the first cylinder-shaped 

magnet;  

a first cavity coaxially aligned with and formed in the first cylinder-shaped magnet; and 

a container configured to hold the sample and a paramagnetic solution; 

wherein the surface of the first cylinder-shaped magnet has one polarity and is parallel to and 

faces the surface of the second cylinder-shaped magnet having the same polarity to cause the Bz 

component of the magnetic field to vary linearly along the central axis between the first and 

second cylinder-shaped magnets; and 

wherein the container is at least partially disposed between the first and the second 

cylinder-shaped magnets.  

 

2. The system of claim 1, wherein the first cavity is cylinder-shaped. 

3. The system of claim 1, wherein the first cavity spans through the entire height of the first 

cylinder-shaped magnet. 

4. The system of any one of the preceding claims, wherein the linear magnetic field extends 

into the first cavity. 

5. The system of any one of the preceding claims, wherein the first and second cylinder-

shaped magnets have a different radius or height. 

6. The system of any one of claims 1-4, wherein the first and second cylinder-shaped 

magnets have the same radius, height or both. 

7. The system of any one of the preceding claims, wherein the system further comprises a 

second cavity formed in and coaxially aligned with the second cylinder-shaped magnet.   

8. The system of claim 7, wherein the second cavity is cylinder-shaped. 
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9. The system of any one of the preceding claims, wherein the distance between the 

surfaces of the like-poles of the first and second cylinder-shaped magnets is d and the heights of 

the first and second cylinder-shaped magnets are h1 and h2, respectively; and the ratio of at least 

one of h1 and h2 to d is from about 0.2 : 1 to about 10 : 1.   

10. The system of claim 9, wherein the ratio of at least one of h1 and h2 to d is about 1.67 : 1.   

11. The system of claim 9 or 10, wherein  

the first cylinder-shaped magnet’s inner diameter is id1; and 

the ratio of id1 to d is from about 0.2 : 1 to about 10 : 1.   

12. The system of claim 11, wherein the ratio of id1 to d is about 1.67 : 1.   

13. The system of any one of claims 9-12, wherein  

the first cylinder-shaped magnet’s outer diameter is od1; and 

the ratio of od1 to d is from about 0.3 : 1 to about 100 : 1.   

14. The system of claim 13, wherein the ratio of od1 to d is about 5 : 1.   

15. The system of any one of claims 9-14, wherein  

the second cylinder-shaped magnet’s inner diameter is id2; and 

the ratio of id2 to d is from about 0.2 : 1 to about 10 : 1.   

16. The system of claim 15, wherein the ratio of id2 to d is about 1.67 : 1.   

17. The system of any one of claims 8-16, wherein  

the second cylinder-shaped magnet’s outer diameter is od2; and 

the ratio of od2 to d is from about 0.3 : 1 to about 100 : 1.   

18. The system of claim 17, wherein the ratio of od2 to d is about 5 : 1.   

19. The system of any one of the preceding claims, wherein the first cavity is cylinder-

shaped and the ratio of the first cylinder-shaped magnet’s inner diameter (id1) : outer diameter 

(od1) : height (h1) : distance between the surfaces of the like-poles of the first and second 

cylinder-shaped magnets (d) is about 1.67 : 5 : 1.67 : 1. 

20. The system of any one of the preceding claims, wherein  
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the ratio of the second cylinder-shaped magnet’s inner diameter (id2) : outer diameter 

(od2) : height (h2) : distance between the surfaces of the like-poles of the first and second 

cylinder-shaped magnets (d) is about 1.67 : 5 : 1.67 : 1. 

21. The system of claim 1, wherein the container further comprises an inlet configured to 

allow adding or removing the paramagnetic solution or a paramagnetic or diamagnetic sample.   

22. The system of claim 1 or 21, wherein the container comprises two ends, at least one of 

which extends into or through the first cavity.   

23. The system of claim 22, wherein  

the other end of the container’s two ends extends into or through the second cylinder-

shaped cavity.   

24. The system of any one of claims 1-23, wherein the container is a cuvette. 

25. The system of any one of claims 1-24, wherein the paramagnetic solution comprises an 

aqueous solution of a paramagnetic compound. 

26. The system of claim 25, wherein the paramagnetic compound is selected from the group 

consisting of MnCl2, MnBr2, CuSO4, GdCl3, DyCl3, HoCl3, a Gd chelated compound, and a 

combination thereof. 

27. The system of claim 26, wherein the Gd chelated compound is gadolinium (III) 

diethylenetriaminepentaacetic acid. 

28. The system of any one of claims 21-27, wherein the paramagnetic solution comprises a 

MnCl2 aqueous solution.  

29. The system of any one of claims 21-23, wherein the paramagnetic solution comprises a 

hydrophobic paramagnetic medium or a paramagnetic ionic liquid. 

30. The system of any one of the preceding claims, wherein the maximal magnetic field 

along the common axis of the first and second cylinder-shaped magnets is about 0.20-0.50 T. 

31. The system of any one of the preceding claims, wherein the first and second cylinder-

shaped magnets are NdFeB magnets. 
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32. The system of any one of the preceding claims, wherein the first or second cylinder-

shaped magnet’s inner diameter is from about 15 mm to about 40 mm. 

33. The system of claim 32, wherein the first or second cylinder-shaped magnet’s inner 

diameter is about 25 mm. 

34. The system of any one of the preceding claims, wherein the first or second cylinder-

shaped magnet’s outer diameter is from about 50 mm to about 100 mm. 

35. The system of claim 34, wherein the first or second cylinder-shaped magnet’s outer 

diameter is about 76 mm. 

36. The system of any one of the preceding claims, wherein the first or second cylinder-

shaped magnet’s height is from about 15 mm to about 50 mm. 

37. The system of claim 36, wherein the first or second cylinder-shaped magnet’s height is 

about 25 mm. 

38. The system of any one of the preceding claims, wherein the distance between the 

surfaces of the like-poles of the first and second cylinder-shaped magnets is from about 5 mm to 

about 50 mm. 

39. The system of claim 38, wherein the distance between the surfaces of the like-poles of 

the first and second cylinder-shaped magnets is about 15 mm. 

40. A method of analyzing a diamagnetic or paramagnetic sample, comprising: 

providing the system of any one of the preceding claims; 

adding the paramagnetic solution and the sample, the sample being a diamagnetic or 

paramagnetic sample, either separately or together, into the container; and    

allowing the diamagnetic or paramagnetic sample to levitate under the linear magnetic 

field between the first and second cylinder-shaped magnets. 

41. The method of claim 40, wherein the paramagnetic solution or the diamagnetic or 

paramagnetic sample is added through the first cylinder-shaped cavity. 

42. The method of claim 40 or 41, further comprising removing the paramagnetic solution or 

the diamagnetic or paramagnetic sample. 
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43. The method of claim 42, wherein the paramagnetic solution or the diamagnetic or 

paramagnetic sample is removed through the first cylinder-shaped cavity. 

44. The method of any one of claims 40-43, wherein the paramagnetic solution comprises an 

aqueous solution of a paramagnetic compound, a hydrophobic paramagnetic solution, or a 

paramagnetic ionic liquid. 

45. The method of claim 44, wherein the paramagnetic compound is selected from the group 

consisting of MnCl2, MnBr2, CuSO4, GdCl3, DyCl3, HoCl3, a Gd chelated compound, and a 

combination thereof. 

46. The method of claim 45, wherein the Gd chelated compound is gadolinium (III) 

diethylenetriaminepentaacetic acid. 

47. The method of any one of claims 40-45, wherein the paramagnetic solution comprises a 

MnCl2 aqueous solution.  

48. The method of any one of claims 40-47, wherein the paramagnetic solution further 

comprises cetyltrimethylammonium bromide. 

49. The method of any one of claims 40-47, wherein the diamagnetic or paramagnetic 

sample comprises a crosslinked polymer. 

50. The method of claim 49, further comprising determining the density of the crosslinked 

polymer. 

51. The method of claim 50, further comprising generating a standard curve correlating a 

sample’s levitation height in the system with its density and determining the density of the 

crosslinked polymer using the standard curve and its levitation height in the system. 

52. The method of any one of claims 49-51, wherein the crosslinked polymer comprises 

polydimethylsiloxane. 

53. The system of any one of claims 1-39, wherein the second cylinder-shaped cavity spans 

through the entire height of the second cylinder-shaped magnet and is coaxially aligned with the 

second cylinder-shaped magnet; and the first or second cylinder-shaped magnet’s inner diameter 

is from about 15 mm to about 40 mm. 
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54. The system of claim 53, wherein the first or second cylinder-shaped magnet’s inner 

diameter is about 25 mm. 

55. The system of any one of claims 1-39 and 53-54, wherein the first or second cylinder-

shaped magnet’s outer diameter is from about 50 mm to about 100 mm. 

56. The system of claim 55, wherein the first or second cylinder-shaped magnet’s outer 

diameter is about 76 mm. 

57. The method of claim 40, wherein the levitation height of the sample in the system is 

indicative of the density of the sample or components thereof. 

58. The method of claim 40, wherein the levitation of the sample separates the sample into 

its component parts. 

59. The method of claim 58, wherein one or more of the component parts are isolated from 

the system for further use or analysis. 
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