Blockhead

There are many scientific breakthroughs that have occurred when particular patterns were discovered in nature. Kepler’s elliptical orbit is a familiar example; the ellipse was a familiar pattern that Kepler was able to discern in the orbital data of Mars. The existence of quarks was postulated after observing the patterns into which elementary particles seemed to be arranged. Much of the success of biology is due to the recognition that there are patterns into which groups of animals fit neatly. The mammals, for example, have certain characteristics that define their pattern.

The purpose of the “Blockhead” activity is to help you see how patterns can be very important in understanding how nature is organized. When the proper patterns of nature are identified they clarify information that had seemed disorganized, identify possible missing elements in the pattern, and reveal the hidden structures of creation. As you successfully discover the patterns behind “Blockhead” you will see that you can predict with considerable confidence the properties of the missing block, thus experiencing the “thrill” of scientific discovery.

As you begin the Blockhead activity you will notice that you have 9 blocks and that they are all different. Even though they are different however, they are clearly related to each other in some ways – color, markings, numbers, etc. It is clear that you do not have 9 unrelated, independent blocks. Your goal is to figure out the meaning of the apparent relationships between the blocks – are .they just coincidence or are they telling you something? You are thus playing the role of a scientist who first confronts a mass of data and tries to sort it out or put it into some particular pattern to make sense of it.

In several famous historical cases the sorting of such data convinced the scientist that there must be a “missing piece”. That is, the pattern they discovered was compelling but incomplete. If only they could find one more piece that had just the right properties then the whole thing would fit together, like a jigsaw puzzle becomes complete when the last piece is inserted.
One of the most famous cases where this occurred was in the development of the periodic table in Chemistry. The Chemists were aware of many different atoms that seemed related to each other but no pattern had been discovered to reveal this hidden relationship. When the pattern was discovered it was a truly remarkable breakthrough which allowed the chemists to predict the existence of new atoms, which were subsequently discovered.

Compare your experiences in this activity with the following description of the development of the periodic table.

Ye Olde Periodic Table

(by Rob Daly: ENC Chemistry Graduate)

High school sophomores stare at it in awe as they walk into their first chemistry class. With its precisely ordered squares, its many numbers, and its strange symbols representing even stranger materials, the periodic table represents an abstraction beyond any they have ever seen before. Who could have come up with a creation such as this?  Actually, no single individual dreamed up the periodic chart we now see displayed on laboratory walls and in science textbooks. The chart has gradually evolved over the course of 150 years through a continual process of playing with blocks – shifting old ones and creating new ones. And the process continues today.

By the mid-1800s, scientists had discovered fifty-five different chemical elements, and more were yet to come. The time was ripe for some sort of scheme to organize all this data. Chemists began to observe similarities concerning atomic weights and reaction characteristics among certain groups of elements. Several chemists proposed grid-like charts that organized the elements according to these similarities. Russian chemist Dmitri Mendeleev proposed one such chart.

Mendeleev, however, in an act of either creative genius or dumb luck, integrated a key idea into his chart: He left several of the spaces blank. But he went further than that. Mendeleev boldly stated that the missing blocks were just undiscovered elements and went on to predict certain physical properties about these missing blocks. Within fifteen years, Mendeleev’s prediction proved correct as chemists discovered the missing elements of gallium, scandium, and germanium. His predictions of the physical properties of the missing elements were even quite accurate, as shown below for germanium.

PROPERTY 


MENDELEEV’S PREDICTION 

OBSERVED

Atomic mass 



73 amu 



72.3 amu

Density 



5.5 g/cc 



5.47 g/cc

Specific heat 



0.31 J/g*K 



0.32 J/g*K

Melting point 



very high 



960 C

Density of oxide 


4.7 g/cc 



4.70 g/cc

Boiling pt. oxide 


100 C 




86 C

Mendeleev took a step out onto the fragile limb of the unknown and found that it would support him (for the time being).

Chemists continued to discover new elements throughout the latter half of the nineteenth century. Consequently, Mendeleev’s periodic chart gradually expanded by a continued pattern of proposing missing blocks and filling them in. Key additions were the noble gases to the far right of the periodic chart and the lanthanide series, set off at the bottom in a long row.

By the middle of the twentieth century, chemists seemed to have discovered all the elements they were going to find. They had come up with ninety-two in all, of which uranium was the heaviest. The time had apparently come to just sit back and admire their work and the grand chart that represented it.

Several young physicists, though, were about to start playing with the blocks once more. They began bombarding uranium atoms with neutrons in an effort to produce novel chemical elements that were heavier than uranium. (Actually, their earliest attempts failed as the research team stumbled onto nuclear fission instead. If only all failed experiments could turn out so well!) With an altered technique, American physicist Edwin McMillan isolated element 93 in 1941. He named it neptunium. Several months later, his colleague Glenn Seaborg successfully isolated element 94, which he naturally called plutonium. But try as they might, no one could isolate any new elements beyond plutonium. 

Meanwhile, Seaborg began playing with the blocks. He observed that the newly synthesized elements, neptunium and plutonium, bore few chemical similarities to rhenium and osmium, the elements directly above them in the periodic chart. Seaborg did notice, however, that these new elements shared many characteristics with the previous four elements (89 through 92). Such horizontal similarities were exactly what chemists had found thirty years earlier with the lanthanide series. Seaborg, therefore, proposed that these six elements were the initial members of a new series similar to the lanthanide series, called the actinide series. He shifted the blocks to a new position below the lanthanide series where we find them today. But his new picture had eight missing blocks at the end of the table. Colleagues protested, telling Seaborg that this move would ruin his scientific reputation. He replied: “I didn’t have any scientific reputation, so I published it anyway.”

Seaborg, like Mendeleev, was willing to tolerate a few missing blocks and, also like Mendeleev, history rewarded him for his gamble. In fact, Seaborg would end up filling in several of the missing blocks himself. But up until that time, Seaborg had failed to isolate a new element beyond plutonium. The solution to his problem now became obvious. The group had been trying to isolate elements 95 and 96 based on techniques characteristic of their previous spot on the periodic chart, below iridium and platinum. Now that the positions of elements 95 and 96 had changed, Seaborg and his colleagues developed new isolation techniques based on chemical similarities to europium and gadolinium. Several months later, the realization came with the isolation of americium (95) and curium (96). Within several years, researchers had filled in all of Seaborg’s missing blocks. 

Mendeleev had set a ball rolling that continues to roll today. Yes, he was the original author of the ominous wall ornament that bids welcome to every high school chemistry student. But more importantly, he set the precedent of the missing blocks – the idea that new concepts must not only summarize the past, but should aim to mold the future.

When Mendeleev made his prediction about the existence and properties of a “missing” element, he did so with great confidence that the element actually existed. In the same way, as you uncover the patterns that define Blockhead you will have great confidence in predicting the properties of the missing block.

Blockhead

Names __________________, ____________________, _______________
· Spend 5 minutes getting acquainted with the blocks. What possible patterns do you find?

· A hint will be given, after which you will be on your own to determine the proper arrangement of the blocks based on the patterns “hidden” on the faces

· A second hint may be given, if you ask nicely

· Once you have determined the patterns and arranged the blocks accordingly, you will predict the position and sides for the missing block.

	Describe the overall structure of the arrangement of blocks.

	


· In the spaces below, fill in the pattern for each side of the missing block

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


         A                     B                         C                      D                       E                       F

	Face
	Patterns to Justify Choice
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